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• Nuclear masses are one of the most relevant input for nucleosynthesis calculations, in 
particular for the r-process.
• Masses (separation energies) affect significantly (n,γ) capture rates, (γ,n) 
photodissociation reactions and Q-values for β-decay.
• Only few nuclei are/will be experimentally explored in the relevant region for r-process 
nucleosynthesis ⇒ we require theoretical predictions.
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State-of-the-art ab initio calculations
2. Convergence and numerical noise 4. Beyond mean field effects1. Introduction 5. Summary and outlook3.Odd nuclei in PNA approach

Outlook: Chiral 3N for Heavy Nuclei

4He
16O

24O
40Ca

48Ca
48Ni

56Ni
68Ni

78Ni
90Zr

100Sn
114Sn

132Sn

-14

-12

-10

-8

-6

.

E
/A
[M

e
V
]

! NN-only
● NN+3N-ind.
" NN+3N-full

emx = 12
E3mx = 12
α = 0.04 fm4

Λ3N = 400MeV

CCSD(HF)

■ first ab initio calculations with chiral NN+3N Hamiltonians
for heavy nuclei

■ realistic mass systematics without phenomenological ad-
justments — α-dependence might hold surprises...

3

‣ First calculations for heavier -closed shell- nuclei with chiral NN+3N hamiltonians

‣ Systematics is well reproduced at this level. 

‣ Improvements are in progress (3N at N3LO, adjust the 3N, 4N terms, ...)

Courtesy: R. Roth
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Microscopic mass models

• Self-consistent mean field 
approximations provide a very 
good description of known data.

Comparison with experimental masses

σ(2149M)=577keV
Audi et al. (2003)

σ(HFB20)  σ(HFB21)   σ(FRDM)

434 masses (36≤Z≤85, p-rich) at GSI (2005)  397 keV     388 keV       429 keV

119 masses (28≤Z≤46, n-rich) at JYFLTRAP (2009) 453 keV     625 keV       694 keV
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Goriely et al., PRL 102, 152503 (2009)• There are still some problems 
in transitional regions and local 
uncertainties:

- Numerical noise.
- Some physics missing: 
Restoration of broken 
symmetries and configuration 
mixing.
- Nuclei with odd number of 
protons/neutrons are not 
treated in equal footing as the 
even-even ones

the final charge radius being estimated by r2th ¼
r2MF þ !r2quad. Note that the quadruple corrections are cal-

culated for even-even nuclei only and interpolated from
those for the others. For closed shell nuclei, the Gaussian
overlap approximation used within the 5DCH approach
gives erroneous negative corrections. For those nuclei,
the correction is therefore set to zero.

The total binding energy reads Eth ¼ Eaxial þ!Equad þ
!E1 where in addition to the quadrupole correlations, an
infinite-basis correction !E1 is introduced due to the
limitation of the number of major shells included in the
axially symmetric calculation. The same procedure as
described in Ref. [10] is followed to estimate !E1. If the
energy Eaxial obtained with the axial code using N & 14
major shells can be determined within a reasonable com-
putation time, this is not the case for both!E1 and!Equad.
Therefore, to avoid intractable calculations, the adjustment
of the Gogny force parameters to reproduce at best the
experimental masses is not performed by systematically
calculating these correction terms. Instead, the computa-
tional scheme described below is followed.

Fitting strategy.—A mass fit entails that every nucleus
that is included in the fit has to be calculated many times
over. Making a direct fit with a deformed HF code to all of
the more than 2000 measured masses imposes a very
serious strain on one’s computer facilities, so that in prac-
tice, a specific strategy needs to be followed, especially in
view of the large number of free parameters (typically 14)
and the many observables that need to be fitted. The Gogny
effective nuclear interaction (plus spin-orbit term) is ex-
pressed [11] as

Vð1; 2Þ ¼
X

j¼1;2

e%ð~r1%~r2Þ2=!2
j ðWj þ BjP" %HjP#

%MjP"P#Þ þ t0ð1þ x0P"Þ$ð ~r1 % ~r2Þ

&
!
%
"
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2

#$
&
þ iWLSr

 
12$ð~r1 % ~r2Þ

& ~r12:ð ~"1 þ ~"2Þ; (3)

where P" (P#) is the two-body spin- (isospin-) exchange
operator. From the 14 interaction parameters, it is possible
to express [12] the parameters of symmetric infinite nu-
clear matter (INM) at the equilibrium density %0 [or equiv-

alently the Fermi momentum kF ¼ ð3=2'2%0Þ1=3], namely,
the energy per nucleon av, the symmetry coefficient J, the
effective mass m', and the incompressibility coefficient
Kv. These five parameters are explicitly introduced in the
fits instead of 5 of the Gogny force parameters. Starting
from a trial force providing a first estimate of !Equad and
!E1, the following 3-step reiterative procedure is adopted:

(i) The 5 INM parameters as well as the spin-orbit
parameter WLS are adjusted through an automatic optimi-
zation procedure to minimize the rms deviation with re-
spect to experimental masses [4]; the 5 INM parameters
are, however, kept within their corresponding experimental
ranges [5,8].
(ii) The remaining parameters (only the & and x0 pa-

rameters are kept fixed) are manually adjusted to optimize
quantitatively the rms deviation with respect to known
charge radii [13] (in practice, this corresponds essentially
to a modification of kF) and qualitatively to the energy
density curves of the infinite neutron matter (to agree with
the realistic calculation of [14]) and symmetric matter in
the four spin-isospin channels to agree with [15]. Any
modification at this stage is fed back into step (i) to ensure
an optimum mass prediction.
(iii) As soon as an acceptable reproduction of all the

above-mentioned observables is achieved, the !Equad and
!E1 correction energies are reestimated and the new force
is fed back into step (i). A new iteration cycle begins until
all the conditions are properly fulfilled with one unique
force.
Results.—The parameters of our final Gogny force,

called D1M, are given in Table I and the corresponding
INM parameters in Table II. The deviations between all the

TABLE I. Values of the D1M interaction parameters.

i Wi Bi Hi Mi !i

[MeV] [MeV] [MeV] [MeV] [fm]

1 %12 797:57 14 048.85 %15 144:43 11 963.89 0.50
2 490.95 %752:27 675.12 %693:57 1.00

t0 x0 & WLS

[MeV fm4] [MeV fm5]
1562.22 1 1=3 115.36

TABLE II. INM parameters for D1M at equilibrium density
%0. G0 and G00 are the corresponding Landau parameters [12].

%0 [fm%3] av [MeV] J [MeV] m'=m Kv [MeV] G0 G00

0.165 %16:026 28.554 0.746 225.0 %0:013 0.711

FIG. 1. Differences between measured [4] and D1M masses,
as a function of the neutron number N.
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• There are still some problems 
in transitional regions and local 
uncertainties:

- Numerical noise.
- Some physics missing: 
Restoration of broken 
symmetries and configuration 
mixing.
- Nuclei with odd number of 
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treated in equal footing as the 
even-even ones
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•  Effective nucleon-nucleon interaction: 
Gogny force (D1S-D1M) that is able to describe properly many phenomena along the 
whole nuclear chart. 

V (1, 2) =
2X

i=1

e�(~r1�~r2)
2/µ2

i (Wi +BiP
� �HiP

⌧ �MiP
�P ⌧ )
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↵ ((~r1 + ~r2)/2)+iW0(�1 + �2)~k ⇥ �(~r1 � ~r2)~k

+V
Coulomb

(~r
1

,~r
2

)

Self-consistent (beyond) mean 
field description
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central term

•  Effective nucleon-nucleon interaction: 
Gogny force (D1S-D1M) that is able to describe properly many phenomena along the 
whole nuclear chart. 
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spin-orbit
term

central term

•  Effective nucleon-nucleon interaction: 
Gogny force (D1S-D1M) that is able to describe properly many phenomena along the 
whole nuclear chart. 
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Coulomb term

spin-orbit
term

density-dependent term

central term

•  Effective nucleon-nucleon interaction: 
Gogny force (D1S-D1M) that is able to describe properly many phenomena along the 
whole nuclear chart. 

• Methods of solving the many-body problem: Variational approaches
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spin-orbit
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•  Effective nucleon-nucleon interaction: 
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• Methods of solving the many-body problem: Variational approaches

V (1, 2) =
2X

i=1

e�(~r1�~r2)
2/µ2

i (Wi +BiP
� �HiP

⌧ �MiP
�P ⌧ )

+t3(1 + x0P
�)�(~r1 � ~r2)⇢

↵ ((~r1 + ~r2)/2)+iW0(�1 + �2)~k ⇥ �(~r1 � ~r2)~k

+V
Coulomb

(~r
1

,~r
2

)

➡Parameters of the effective interaction are fitted to reproduce experimental data solving the 
many-body problem at certain level of approximation (mean field normally).

Self-consistent (beyond) mean 
field description
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Variational space:                      set of product-type wave functions which fulfill:

• Quasiparticle vacua:

• Most general linear combination of the 

arbitrary single particle basis:

• Fermionic operators:

Hartree-Fock-Bogoliubov (HFB)
{|�(~q)i}

↵k(~q)|�(~q)i = 0

↵†
k(~q) =

X

l

Ulk(~q)c
†
l + Vlk(~q)cl

{↵†
k(~q),↵k0(~q)} = �kk0 ; {↵†

k(~q),↵
†
k0(~q)} = {↵k(~q),↵k0(~q)} = 0

Self-consistent mean field
2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Self-consistent mean field
2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Variational space:                      set of product-type wave functions which fulfill:

• Quasiparticle vacua:

• Most general linear combination of the 

arbitrary single particle basis:

• Fermionic operators:
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†
l + Vlk(~q)cl

Self-consistent mean field

Hartree-Fock-Bogoliubov (HFB)

• Most of the calculations are performed in a finite harmonic oscillator basis. 
• Results must not depend on the choice of the arbitrary single particle basis if it is complete. 
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Convergence achieved when we obtain: 

• Independence of the binding energy on b.

• Independence of the binding energy on N when an 
extra major shell is added.
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FIG. 8. (Color online) Extrapolated ground-state energies and
variational upper bounds from each set of four (extrapolation A)
or three (extrapolation B) successive Nmax values as a function of the
largest value of Nmax in each set. Error bars are dominated by the
uncertainties in the extrapolations and are obtained as described in
the text. Note the expanded scale and the reasonable consistency of
the extrapolated results: for Nmax ! 10 all but one are within their
uncertainty range of the exact answer.

extrapolations described above. Indeed, our results, such as
those shown in Fig. 8, demonstrate that consistency. The de-
viation of any specific constrained extrapolant from the result
at the highest upper limit Nmax appears well characterized by
the assigned uncertainty.

2. Extrapolation at fixed h̄!

In addition, we also employ an extrapolation at fixed
values of h̄! using only three successive values of Nmax,
the minimal number of points for such an extrapolation
(referred to as extrapolation B). Under the assumption that
the convergence is indeed exponential, such an extrapolation
should get more accurate as Nmax increases; the difference
between the extrapolated results from two consecutive sets of
three Nmax values is used here as our estimate of the numerical
uncertainty associated with the extrapolation.

In Fig. 9 we illustrate this extrapolation for 2H based
on calculations with Nmax = 8, 10, and 12. As we can see,
this extrapolation gives h̄!-dependent results. We therefore
consider the value of h̄! where the extrapolation is most stable
(i.e., for which the difference between the extrapolated value
and the result at the highest Nmax is minimal) as the best or
most reliable h̄! for this extrapolation method. This h̄! value
is usually at or slightly above the variational minimum.

Because this extrapolation uses sets with only three Nmax
points, the “odd-even” effects may be significant, in particular
for weakly bound nuclei. This is indeed what we find for 2H
as seen in Fig. 8. Nevertheless, within the estimated error
bars, the results are consistent with extrapolation method
A and with the exact result. In addition, as we proceed to
applications in heavier nuclei and more deeply bound nuclei,
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FIG. 9. (Color online) Calculated ground-state energy of 2H for
Nmax = 8, 10, 12, and the extrapolated ground-state energy using
method B, as function of the oscillator energy, h̄!. Error bars are
obtained from the difference with the extrapolation using Nmax = 6, 8,
and 10 calculations.

this extrapolation becomes more stable and useful, as we will
see below.

C. More NCFC test cases: A = 3, 4

The ground-state energies of 3H using JISP16 are shown in
Fig. 10 as a function of the HO energy for the same sequence
of basis spaces as for 2H. We again observe a converging
sequence of upper bounds with an indication of a small amount
of underbinding compared with experiment. We note that the
curves show a greater region of approximate independence of
h̄! than found in the case of 2H as may be expected from the

FIG. 10. (Color online) Calculated ground-state energy of 3H as
a function of the oscillator energy, h̄!, for selected values of Nmax.
The curve closest to experiment corresponds to the value Nmax = 20
and successively higher curves are obtained with Nmax decreased by
two units for each curve.
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FIG. 6. (Color online) Ground-state energy, (a) and (b), and
model-space dimension (c) as functions of Nmax for 4He obtained
within the IT-NCSM(seq) scheme (•) using the VUCOM interaction for
h̄! = 40 MeV. For comparison, the results of full NCSM calculations
with the same Hamiltonian are included (+).

only lowers the ground-state energy a little further bringing
it into excellent agreement with the full NCSM, as seen in
Fig. 5(b). For 4He, this convergence pattern may be expected.
After two iterations, the importance truncated space contains
up to 4p-4h excitations; i.e., the full model space can be
generated in the limit of vanishing thresholds. The minimal
change in the third iteration is due to a relaxation of the
importance truncated space; i.e., through the reassessment
of the importance of all basis states with respect to a new
reference state, which includes all possible np-nh orders,
the importance truncated space is better adapted. Further
importance updates do not change the resulting energies any
more.

The agreement with the full NCSM demonstrates the
efficiency of the importance measure and the reliability of
the threshold extrapolation. The dimension Dmax of the largest
model space considered for the threshold extrapolation is up
to two orders of magnitude smaller than the dimension of the
full NCSM space, as illustrated in Fig. 5(c). Note that the
full NCSM dimension is obtained by exploiting all relevant
symmetries, including parity and time reversal, to reduce the
dimension of the eigenvalue problem—it corresponds to the
“effective dimension” used by the ANTOINE code. Thus this
substantial reduction of the model-space dimension by the
importance truncation goes beyond generic symmetries and
really exploits the specific properties of the Hamiltonian.

As an alternative to the simple iterative model-space update
at fixed Nmax, we can perform these calculations using the
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FIG. 7. (Color online) Ground-state energies of 4He obtained for
the VUCOM interaction as function of the oscillator frequency h̄! for
different Nmaxh̄! model spaces. Results of IT-NCSM(seq) calcula-
tions (solid symbols) are compared with full NCSM calculations
(crosses).

sequential model-space update IT-NCSM(seq) proposed in
Sec. III D. Starting from the 0h̄! space, we use the importance
measure to construct an importance truncated 2h̄! space. This
is used as the reference space to construct the importance
truncated 4h̄! space, and so on. As before, we use a reference
threshold of Cmin = 5 × 10−4 and a sequence of impor-
tance thresholds starting from κmin = 3 × 10−5. The results
for the ground-state energies of 4He are summarized in Fig. 6
and compared with the full NCSM. The IT-NCSM(seq)
scheme leads to the same excellent agreement with the full
NCSM as the IT-NCSM(3). However, the IT-NCSM(seq) is
computationally more efficient, since only one importance
update is needed for each value of Nmax.

The dependence of the ground-state energy obtained in the
IT-NCSM(seq) on the oscillator parameter h̄! is depicted in
Fig. 7. The comparison with the full NCSM results shows that
the excellent agreement persists for all frequencies h̄!. The
particular oscillator frequency h̄! = 40 MeV used in Figs. 5
and 6 corresponds to the minimum for the larger space.

In order to compare our results with other many-body
methods and with experiment, we perform an exponen-
tial extrapolation of the IT-NCSM(seq) energies for h̄! =
40 MeV. Since the calculations are practically converged with
respect to Nmax, the main purpose of the extrapolation is
to smooth out the fluctuations due to the uncertainties of
the threshold extrapolation. Using the five data points from
Nmax = 16 to 24, we obtain a 4He ground-state energy of
−28.52(10) MeV. This is in excellent agreement with the
value of −28.57 MeV obtained previously in the framework
of the hyperspherical harmonics approach using the same
VUCOM interaction [51]. The comparison with the experimental
binding energy of −28.29 MeV only reveals the rough nature
of the adjustment of the UCOM tensor correlator range Iϑ that
was used in Ref. [49] to fix the VUCOM interaction.

B. Oxygen-16

The ground state of 16O poses a more challenging problem.
At present, full NCSM calculations can be done routinely

064324-12

Convergence

Examples in ab-initio calculations

R. Roth, Phys. Rev C 79 (2009) P. Maris et al., Phys. Rev C 79 (2009) 
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Self-consistent mean field
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Convergence reached →  independence of numerical parameters: 
  

                   basis dimension (𝑵𝒎𝒂𝒙)  
    and  
             harmonic oscillator width (𝒃) 

Further away from stability    →   weaker binding     →    diffuse  spatial  distribution      → 

→   results are not converged in finite SHO basis 

Introduction Examples in EDF calculations

• 16O and 40Ca show independence on b and N → converged.

• 104Sr is not fully converged → asymptotic behavior of HO is gaussian while realistic 

densities fall off exponentially.

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence

Effects of deformation on the convergence
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Example:
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53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence

Effects of deformation on the convergence
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N=10

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence

Effects of deformation on the convergence
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N=10

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence

Effects of deformation on the convergence
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N=10

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence

Effects of deformation on the convergence
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Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence

Effects of deformation on the convergence
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N=10

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence

Effects of deformation on the convergence
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N=10

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence

Effects of deformation on the convergence
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N=10

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence

Effects of deformation on the convergence
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N=10

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence

Effects of deformation on the convergence
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N=10

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence

Effects of deformation on the convergence
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N=10

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence
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Effects of deformation on the convergence

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence
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N=18

Effects of deformation on the convergence

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Effects of deformation on the convergence

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence
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N=18

Effects of deformation on the convergence

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence
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Effects of deformation on the convergence

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Effects of deformation on the convergence

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence
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N=18

Effects of deformation on the convergence

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence
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Effects of deformation on the convergence

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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N=18

Effects of deformation on the convergence

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence
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N=18

Effects of deformation on the convergence

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence
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N=18

Effects of deformation on the convergence

Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
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+3
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Nd
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144.24

2
8

18
22
8
2

1021°
3074°

+3
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Final convergence Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Final convergence Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3
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Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Convergence
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Final convergence Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3
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2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Final convergence Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82
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 90
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 94  96
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Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Final convergence Example:

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18
0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22
8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant
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• Published tables could contain some lack of convergence in the total binding energy.

• Two neutron separation energies are better converged.

• Artificial ‘jumps’ or ‘noise’ could appear in the S2n due to lack of convergence.

Cadmium isotopic chain

Gogny D1S

Phys. Rev. C 81, 014303 (2010)
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Convergence
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) Converged
Delaroche et al.
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)

• Published tables could contain some lack of convergence in the total binding energy.

• Two neutron separation energies are better converged.

• Artificial ‘jumps’ or ‘noise’ could appear in the S2n due to lack of convergence.

Cadmium isotopic chain

Gogny D1S

Phys. Rev. C 81, 014303 (2010)
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-8
-4
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D
1S

* (
M

eV
) • Experimental data: AME12, only even-even.

• Gogny D1S: Delaroche et al., PRC 81, 014303 (2010).

• Gogny D1S*: Nosc=18, b optimized, β2 explored.

• Gogny D1S is not a good parametrization for masses 

(overbinding of double magic nuclei, underbinding of 

neutron rich nuclei, poor r.m.s.).

Convergence

• Better convergence gives smaller r.m.s. and smoother 

behavior along the whole AME12 even-even data.

• ~1.5 MeV average gain in energy by improving the 

convergence.

σ(594)=3.5 MeV

σ(594)=4.6 MeV

δ=-1.5 MeV

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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Approaching odd-nuclei

Variational space:                                           set of product-type wave functions which fulfill:

• Quasiparticle vacua:

• Most general linear combination of the 

arbitrary single particle basis:

• Fermionic operators:

Hartree-Fock-Bogoliubov (HFB) with blocking

{|�bi ⌘ ↵†
b|�i}

↵̄†
k =

X

l

Ūlkc
†
l + V̄lkcl

{↵̄†
k, ↵̄k0} = �kk0 ; {↵̄†

k, ↵̄
†
k0} = {↵̄k, ↵̄k0} = 0

↵̄k|�bi = 0
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Approaching odd-nuclei

Variational space:                                           set of product-type wave functions which fulfill:

• Quasiparticle vacua:

• Most general linear combination of the 

arbitrary single particle basis:

• Fermionic operators:

Hartree-Fock-Bogoliubov (HFB) with blocking

Variational principle:

{|�bi ⌘ ↵†
b|�i}

↵̄†
k =

X

l

Ūlkc
†
l + V̄lkcl

{↵̄†
k, ↵̄k0} = �kk0 ; {↵̄†

k, ↵̄
†
k0} = {↵̄k, ↵̄k0} = 0

�
h
E

0HFB
b = h�b|Ĥ � �N N̂ � �ZẐ|�bi

i

|�bi=|HFBbi
= 0

�N ! h�b|N̂ |�bi = N

�Z ! h�b|Ẑ|�bi = Z

↵̄k|�bi = 0
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Approaching odd-nuclei

Variational space:                                           set of product-type wave functions which fulfill:

• Quasiparticle vacua:

• Most general linear combination of the 

arbitrary single particle basis:

• Fermionic operators:

Product Type

Hartree-Fock-Bogoliubov (HFB) with blocking

Variational principle:

{|�bi ⌘ ↵†
b|�i}

↵̄†
k =

X

l

Ūlkc
†
l + V̄lkcl

{↵̄†
k, ↵̄k0} = �kk0 ; {↵̄†

k, ↵̄
†
k0} = {↵̄k, ↵̄k0} = 0

�
h
E

0HFB
b = h�b|Ĥ � �N N̂ � �ZẐ|�bi

i

|�bi=|HFBbi
= 0

�N ! h�b|N̂ |�bi = N

�Z ! h�b|Ẑ|�bi = Z

EHFB
b = hHFBb|Ĥ|HFBbi

|HFBbi

↵̄k|�bi = 0
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Approaching odd-nuclei

Variational space:                                           set of product-type wave functions which fulfill:

• Quasiparticle vacua:

• Most general linear combination of the 

arbitrary single particle basis:

• Fermionic operators:

Product Type

Hartree-Fock-Bogoliubov (HFB) with blocking

Variational principle:

{|�bi ⌘ ↵†
b|�i}

↵̄†
k =

X

l

Ūlkc
†
l + V̄lkcl

{↵̄†
k, ↵̄k0} = �kk0 ; {↵̄†

k, ↵̄
†
k0} = {↵̄k, ↵̄k0} = 0

�
h
E

0HFB
b = h�b|Ĥ � �N N̂ � �ZẐ|�bi

i

|�bi=|HFBbi
= 0

�N ! h�b|N̂ |�bi = N

�Z ! h�b|Ẑ|�bi = Z

EHFB
b = hHFBb|Ĥ|HFBbi

|HFBbi

↵̄k|�bi = 0
Breaks time 
reversal 
symmetry!
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Approaching odd-nuclei

Perturbative nucleon addition method

Eeven
N+2

Eeven
N

N N+1 N+2

B
in

di
ng

 e
ne

rg
y,

 Z
=e

ve
n

T. Duguet et al., Phys. Rev. C 65, 014301 (2001)
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Approaching odd-nuclei

Perturbative nucleon addition method

Eeven
N+1

Eeven
N+2

Eeven
N

N N+1 N+2

B
in

di
ng

 e
ne

rg
y,

 Z
=e

ve
n

1. Find an even HFB wave 
function (no blocking) 
constrained to have an odd 
number of particles

Eeven
N+1 = h�N+1|Ĥ|�N+1i

�N ! h�N+1|N̂ |�N+1i = N + 1

T. Duguet et al., Phys. Rev. C 65, 014301 (2001)
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Approaching odd-nuclei

Perturbative nucleon addition method

Eeven
N+1

Eodd

N+1

Eeven
N+2

Eeven
N

N N+1 N+2

B
in

di
ng

 e
ne

rg
y,

 Z
=e

ve
n

1. Find an even HFB wave 
function (no blocking) 
constrained to have an odd 
number of particles

2. Add the energy of the 
lowest quasiparticle excitation

Eeven
N+1 = h�N+1|Ĥ|�N+1i

�N ! h�N+1|N̂ |�N+1i = N + 1

Eodd

N+1 = Eeven

N+1 + "qp
b

T. Duguet et al., Phys. Rev. C 65, 014301 (2001)
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Approaching odd-nuclei

Perturbative nucleon addition method
A. Arzhanov, Master Thesis

70 75 80 85 90 95 100
Mass number

0

4

8

12

16
S 1

n (
M

eV
)

HFB-D1M

AME12Cd

✦ Overestimation of the pairing gap.
✦ Overestimation of N=82 shell gap.

- True blocking.
- Beyond mean field effects.
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Approaching odd-nuclei

Perturbative nucleon addition method
A. Arzhanov, Master Thesis

70 75 80 85 90 95 100
Mass number
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16
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)

HFB-D1M

AME12In

✦ Overestimation of the pairing gap.
✦ Overestimation of N=82 shell gap.

- True blocking.
- Beyond mean field effects.
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Approaching odd-nuclei

Perturbative nucleon addition method
A. Arzhanov, Master Thesis

70 75 80 85 90 95 100
Mass number
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16
S 1

n (
M

eV
)

HFB-D1M

AME12Sn

✦ Overestimation of the pairing gap.
✦ Overestimation of N=82 shell gap.

- True blocking.
- Beyond mean field effects.
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Approaching odd-nuclei

Perturbative nucleon addition method
A. Arzhanov, Master Thesis

70 75 80 85 90 95 100
Mass number

0

4

8

12

16
S 1

n (
M

eV
)

HFB-D1M

AME12Sb

✦ Overestimation of the pairing gap.
✦ Overestimation of N=82 shell gap.

- True blocking.
- Beyond mean field effects.
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Approaching odd-nuclei

Perturbative nucleon addition method
A. Arzhanov, Master Thesis

70 75 80 85 90 95 100
Mass number

0

4

8

12

16
S 1

n (
M

eV
)

HFB-D1M

AME12Te

✦ Overestimation of the pairing gap.
✦ Overestimation of N=82 shell gap.

- True blocking.
- Beyond mean field effects.
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• Mean field: Hartree-Fock-
Bogoliubov (HFB). No 
symmetry conservation and 
no configuration mixing. 

-0.6 -0.3 0 0.3 0.6
`2

-1015

-1010

-1005

E 
(M

eV
)

HFB

Example: 
Gogny D1M

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

�2

Self-consistent beyond mean 
field description

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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• Mean field: Hartree-Fock-
Bogoliubov (HFB). No 
symmetry conservation and 
no configuration mixing. 

Example: 
Gogny D1M

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

�2-0.6 -0.3 0 0.3 0.6
`2

-1015

-1010

-1005

E 
(M

eV
)

HFB

Self-consistent beyond mean 
field description

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction



Tomás R. RodríguezConvergence and correlations in nuclear masses calculated with energy density functional methodsBad Honnef 2013

• Mean field: Hartree-Fock-
Bogoliubov (HFB). No 
symmetry conservation and 
no configuration mixing. 

Example: 
Gogny D1M

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

• Beyond mean field (I):  
Exact projection on particle 
number and angular 
momentum J=0. 
(~3-4 MeV correlation 
energy)

�2-0.6 -0.3 0 0.3 0.6
`2

-1015

-1010

-1005

E 
(M

eV
)

HFB

PN-AM-P

Self-consistent beyond mean 
field description

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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• Mean field: Hartree-Fock-
Bogoliubov (HFB). No 
symmetry conservation and 
no configuration mixing. 

Example: 
Gogny D1M

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

• Beyond mean field (I):  
Exact projection on particle 
number and angular 
momentum J=0. 
(~3-4 MeV correlation 
energy)

�2-0.6 -0.3 0 0.3 0.6
`2

-1015

-1010

-1005

E 
(M

eV
)

HFB

PN-AM-P

Self-consistent beyond mean 
field description

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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• Mean field: Hartree-Fock-
Bogoliubov (HFB). No 
symmetry conservation and 
no configuration mixing. 

Example: 
Gogny D1M

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
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 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

• Beyond mean field (I):  
Exact projection on particle 
number and angular 
momentum J=0. 
(~3-4 MeV correlation 
energy)
• Beyond mean field (II):  
Configuration mixing (exact 
GCM).
(~0.1-1 MeV correlation 
energy)
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Self-consistent beyond mean 
field description

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction



Tomás R. RodríguezConvergence and correlations in nuclear masses calculated with energy density functional methodsBad Honnef 2013

• Mean field: Hartree-Fock-
Bogoliubov (HFB). No 
symmetry conservation and 
no configuration mixing. 

Example: 
Gogny D1M

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

• Beyond mean field (I):  
Exact projection on particle 
number and angular 
momentum J=0. 
(~3-4 MeV correlation 
energy)
• Beyond mean field (II):  
Configuration mixing (exact 
GCM).
(~0.1-1 MeV correlation 
energy)
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Self-consistent beyond mean 
field description

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction



Tomás R. RodríguezConvergence and correlations in nuclear masses calculated with energy density functional methodsBad Honnef 2013

• Mean field: Hartree-Fock-
Bogoliubov (HFB). No 
symmetry conservation and 
no configuration mixing. 

Example: 
Gogny D1M

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

• Beyond mean field (I):  
Exact projection on particle 
number and angular 
momentum J=0. 
(~3-4 MeV correlation 
energy)
• Beyond mean field (II):  
Configuration mixing (exact 
GCM).
(~0.1-1 MeV correlation 
energy)

�2-0.6 -0.3 0 0.3 0.6
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-1015
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-1005

E 
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HFB

PN-AM-P
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Self-consistent beyond mean 
field description

• Correlations: Energy difference between the binding energies calculated with 
the mean-field approximation (HFB) and any other method, using the same 
underlaying interaction. 
If the beyond mean field method is variational, correlations must give extra 
binding energy.

2. Convergence and numerical noise 4. Beyond mean field effects 5. Summary and outlook3.Odd nuclei in PNA approach1. Introduction
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• Mean field: Hartree-Fock-
Bogoliubov (HFB). No 
symmetry conservation and 
no configuration mixing. 

Example: 
Gogny D1M

Z=45-60 Part 1 of 3

Rh89 Rh90 Rh91

Pd91

Rh92

Pd92
0+

Rh93
(9/2+)

Pd93

Ag93

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

EC
*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
7.0 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
5/2+

8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.36 m

EC

In101
15.1 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(6+)
22 s

ECp

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2)+
65 s

EC
*

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

*

Cd104
0+

57.7 m

EC

In104
(6+)

1.80 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
1+

16.8 s

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.4 s

ECp

Te108
0+

2.1 s

α,ECp,...

I108
(1)

36 ms

α,p

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.60 Us

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
(5/2+)
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
(7/2+)
2.80 s

β-

Pd113
(5/2+)
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
(5/2+)
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
(5/2+)
17 Us

EC,p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

β-

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Rh122

β-

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Pd124

β-

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-n

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Ag128
58 ms

β-n

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
(5+)

5.0 m

EC
*

Ce128
0+

4.1 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Ag129

β-n

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(3/2+)
30 s

EC

Nd129
(5/2+)

7 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.2 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC
*

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.321 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(3/2-)

18.90 s

β-

Nd151
3/2+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.28 s

β-

Nd153
(3/2)-
31.6 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

7.7E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18
1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18
2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18
5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18
8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18
8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18
8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19
9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21
8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 44  46  48  50  52  54  56  58  60  62  64  66  68  70  72  74  76
 78

 80  82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

• Beyond mean field (I):  
Exact projection on particle 
number and angular 
momentum J=0. 
(~3-4 MeV correlation 
energy)
• Beyond mean field (II):  
Configuration mixing (exact 
GCM).
(~0.1-1 MeV correlation 
energy)

�2-0.6 -0.3 0 0.3 0.6
`2

-1015

-1010

-1005

E 
(M

eV
)

HFB

PN-AM-P

GCM

 

 

Self-consistent beyond mean 
field description

• Correlations: Energy difference between the binding energies calculated with 
the mean-field approximation (HFB) and any other method, using the same 
underlaying interaction. 
If the beyond mean field method is variational, correlations must give extra 
binding energy.

Similar approaches:

• Skyrme SLy4: 
   Bender et al., PRC 73, 034322 (2006). GCM

• Gogny D1S: 
   Delaroche et al. PRC 81, 014303 (2010). 5DCH

• Gogny D1M:
   Goriely et al., PRL 102, 242501(2009). 5DCH

• RMF:
  Niksic et al., PRC 79, 034303 (2009). 5DCH, local
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FIG. 9. (Color online) (a) Two-neutron separation energies; (b) two-proton separation energies. The three rows show the HFB theory, the
CHFB+5DCH theory, and experiment, respectively. Experimental data are from Ref. [49].

binding energies are given with experimental error of less than
200 keV. As already mentioned, our theory only includes nuclei
whose correlation energy is positive. This excludes only about
10% of the nuclei in the experimental data set. The number
of nuclei in the comparison is given on the first line of the
table. The first comparison, with the HFB energies, shows
rms residuals of slightly less than 1 MeV for both separation
energies and gaps. The performance here is slightly better
than was found in the survey based on the Skyrme energy
functional Sly4, reported in Ref. [12]. The bottom line of the
table shows the energies of the full CHFB+5DCH theory,
i.e., with the correlation energy included. The improvement is
about 25%. This is surprisingly comparable to the results found

TABLE III. Two-nucleon separation energies and gaps. Sizes of
the compared data sets are given on the first line. Rms residuals with
respect to experiment are given on the third and fourth lines, for the
HFB and CHFB+5DCH theories, respectively. Energies are in MeV.

S2n S2p δ2n δ2p

Size
Theory 455 433 396 358

Exp. 492 467 444 392
Theory

HFB 1.00 0.91 1.06 0.98
CHFB+5DCH 0.72 0.71 0.68 0.61

in Ref. [12], despite that correlation energy was calculated in
a completely different way.

We also carried out the statistics on the two-nucleon gaps.
This quantity is defined by the next higher order difference,

δ2n(N,Z) = S2n(N + 2, Z) − S2n(N,Z), 2n gap,
δ2p(N,Z) = S2p(N,Z + 2) − S2p(N,Z), 2p gap.

(20)

As a particular example, there has been much discussion
of evolution of the Z = 28 gap for high neutron numbers.
We find that the CHFB+5DCH energies are below the HFB
values, thus weakening any shell effect at Z = 28. There is
a peaking at N = 28 that could be attributed to “mutually
enhanced magicity” or to an Z = N symmetry effect, the
“Wigner energy.” Experimentally, there is a slight peaking
in the gap at N = 40, but we find that it is smooth in the
CHFB+5DCH theory.

The overall statistics for the performance of the theories
with respect to two-nucleon gaps are also shown in Table III.
The results are somewhat better than those for the separation
energies.

V. YRAST SPECTRUM

In this section we report the predictions for the lowest
excitations of angular momentum J = 2, 4, and 6. For the
quantitative measure of the global performance of the theory,
we will use the same figures of merit as in Ref. [4]. Because the
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lightest even-even nuclei calculated in [20,21]. Together with
the experimental data, the plots give the results for spherical
and deformed mean-field calculations and for the projected
GCM ground states.

The S2p energies from spherical mean-field calculations
(top panel) nearly follow straight lines, with a slope that
slowly decreases with mass. Three gaps, corresponding to the
magic numbers Z = 28, 50, and 82, are clearly visible. Their
widths do not vary significantly with neutron number. Most
importantly, there is no sign of shell quenching in the S2p

trends, consistent with the gaps in the single-particle spectra
that remain fairly constant as well.

The inclusion of static mean-field deformations has a
significant effect on the curves. Compared to the spherical
results, the magic gaps in the S2p values are reduced in many
instances. As in the examples of the Z = 50 and N = 50 gaps,
the magic nuclei remain spherical, but not all of their neighbors
with ±2 protons are. The slope of the S2p curves is also
modified between the spherical shells: the energy gain due to
deformation increases S2p above magic numbers and decreases
it below. Moreover, several small local gaps open between the
spherical shell closures, and indicate deformed shell closures.

Correlations beyond mean-field amplify the effects brought
by static deformation: the gaps at the magic numbers are
reduced further. Confirming the discussion for the Z = 50
chain, deformation and dynamical correlations reduce the gap
in the S2p energies at all shell closures to about half their value
in spherical mean-field calculations. Also, the effect on energy
of dynamical correlations is the largest at shell closures, where
it rapidly changes from nucleus to nucleus, while it is nearly
constant for open shell nuclei [21]. It is quite gratifying to
see that adding the correlations brings the calculated values
close to experiment. Note that a particularly strong quenching
is visible for Z = 82. The three calculations presented here
are based on the same effective interaction which predicts a
spherical single-particle spectrum with gaps much larger than
those in the experimental S2p energies that vary only by a
few 100 keV with the neutron number. Hence, the quenching
observed in the experimental S2p values results from the
effects of deformation and of beyond mean-field correlations
on the total binding energy and could be called “collectivity
enhanced” quenching of the two-nucleon separation energies
at shell closures, rather than quenching of the gaps in the
spherical single-particle spectra.

Figure 4 shows the two-neutron separation energies S2n for
isotopic chains. Qualitatively, one finds a similar behavior as
for the S2p curves, and the quenching of the S2n values from
quadrupole correlations is even more pronounced. However,
the overall agreement with experiment of the S2p curves from
the J = 0 projected GCM is better than the one for S2n, as
was already pointed out and discussed in detail in [20,21]. The
Skyrme interaction SLy4 used here (as all others we tested)
seems to systematically overestimate neutron shell gaps, while
proton shell gaps are described better.

The inclusion of beyond-mean field correlations has a
smoothing effect on the variation of the two-particle separation
energies as a function of N or Z. The often unrealistic
local fluctuations obtained without these correlations in our
calculations or in those of deformed mean-field calculations by
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FIG. 4. (Color online) Two-neutron separation energy S2n for
even-even nuclei. Lines connect nuclei in isotopic chains.

other groups [37], or from mean-field-based mass models such
as the microscopic-macroscopic method [38] or the Brussels
HFB mass fits [39] are to a large extent suppressed. Thus, the
correlation energy added by fluctuations of the wave functions
around the mean-field minima compensates the too abrupt
shape changes (spherical to deformed, or prolate to oblate)
obtained within a pure mean-field approach.

IV. SUMMARY

The structural changes that occur in nuclei when going
along isotopic or isotonic chains have been discussed on the
basis of two-nucleon separation energies. We have shown

054312-5

• Beyond mean field 
effects tend to 
reduce the shell 
gaps

• Separation 
energies are 
smoother when 
beyond mean field 
are included. 

 Bender et al., PRC 73, 034322 (2006)

Skyrme SLy4Gogny D1S

Delaroche et al. PRC 81, 014303 (2010)
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FIG. 9. (Color online) (a) Two-neutron separation energies; (b) two-proton separation energies. The three rows show the HFB theory, the
CHFB+5DCH theory, and experiment, respectively. Experimental data are from Ref. [49].

binding energies are given with experimental error of less than
200 keV. As already mentioned, our theory only includes nuclei
whose correlation energy is positive. This excludes only about
10% of the nuclei in the experimental data set. The number
of nuclei in the comparison is given on the first line of the
table. The first comparison, with the HFB energies, shows
rms residuals of slightly less than 1 MeV for both separation
energies and gaps. The performance here is slightly better
than was found in the survey based on the Skyrme energy
functional Sly4, reported in Ref. [12]. The bottom line of the
table shows the energies of the full CHFB+5DCH theory,
i.e., with the correlation energy included. The improvement is
about 25%. This is surprisingly comparable to the results found

TABLE III. Two-nucleon separation energies and gaps. Sizes of
the compared data sets are given on the first line. Rms residuals with
respect to experiment are given on the third and fourth lines, for the
HFB and CHFB+5DCH theories, respectively. Energies are in MeV.

S2n S2p δ2n δ2p

Size
Theory 455 433 396 358

Exp. 492 467 444 392
Theory

HFB 1.00 0.91 1.06 0.98
CHFB+5DCH 0.72 0.71 0.68 0.61

in Ref. [12], despite that correlation energy was calculated in
a completely different way.

We also carried out the statistics on the two-nucleon gaps.
This quantity is defined by the next higher order difference,

δ2n(N,Z) = S2n(N + 2, Z) − S2n(N,Z), 2n gap,
δ2p(N,Z) = S2p(N,Z + 2) − S2p(N,Z), 2p gap.

(20)

As a particular example, there has been much discussion
of evolution of the Z = 28 gap for high neutron numbers.
We find that the CHFB+5DCH energies are below the HFB
values, thus weakening any shell effect at Z = 28. There is
a peaking at N = 28 that could be attributed to “mutually
enhanced magicity” or to an Z = N symmetry effect, the
“Wigner energy.” Experimentally, there is a slight peaking
in the gap at N = 40, but we find that it is smooth in the
CHFB+5DCH theory.

The overall statistics for the performance of the theories
with respect to two-nucleon gaps are also shown in Table III.
The results are somewhat better than those for the separation
energies.

V. YRAST SPECTRUM

In this section we report the predictions for the lowest
excitations of angular momentum J = 2, 4, and 6. For the
quantitative measure of the global performance of the theory,
we will use the same figures of merit as in Ref. [4]. Because the
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lightest even-even nuclei calculated in [20,21]. Together with
the experimental data, the plots give the results for spherical
and deformed mean-field calculations and for the projected
GCM ground states.

The S2p energies from spherical mean-field calculations
(top panel) nearly follow straight lines, with a slope that
slowly decreases with mass. Three gaps, corresponding to the
magic numbers Z = 28, 50, and 82, are clearly visible. Their
widths do not vary significantly with neutron number. Most
importantly, there is no sign of shell quenching in the S2p

trends, consistent with the gaps in the single-particle spectra
that remain fairly constant as well.

The inclusion of static mean-field deformations has a
significant effect on the curves. Compared to the spherical
results, the magic gaps in the S2p values are reduced in many
instances. As in the examples of the Z = 50 and N = 50 gaps,
the magic nuclei remain spherical, but not all of their neighbors
with ±2 protons are. The slope of the S2p curves is also
modified between the spherical shells: the energy gain due to
deformation increases S2p above magic numbers and decreases
it below. Moreover, several small local gaps open between the
spherical shell closures, and indicate deformed shell closures.

Correlations beyond mean-field amplify the effects brought
by static deformation: the gaps at the magic numbers are
reduced further. Confirming the discussion for the Z = 50
chain, deformation and dynamical correlations reduce the gap
in the S2p energies at all shell closures to about half their value
in spherical mean-field calculations. Also, the effect on energy
of dynamical correlations is the largest at shell closures, where
it rapidly changes from nucleus to nucleus, while it is nearly
constant for open shell nuclei [21]. It is quite gratifying to
see that adding the correlations brings the calculated values
close to experiment. Note that a particularly strong quenching
is visible for Z = 82. The three calculations presented here
are based on the same effective interaction which predicts a
spherical single-particle spectrum with gaps much larger than
those in the experimental S2p energies that vary only by a
few 100 keV with the neutron number. Hence, the quenching
observed in the experimental S2p values results from the
effects of deformation and of beyond mean-field correlations
on the total binding energy and could be called “collectivity
enhanced” quenching of the two-nucleon separation energies
at shell closures, rather than quenching of the gaps in the
spherical single-particle spectra.

Figure 4 shows the two-neutron separation energies S2n for
isotopic chains. Qualitatively, one finds a similar behavior as
for the S2p curves, and the quenching of the S2n values from
quadrupole correlations is even more pronounced. However,
the overall agreement with experiment of the S2p curves from
the J = 0 projected GCM is better than the one for S2n, as
was already pointed out and discussed in detail in [20,21]. The
Skyrme interaction SLy4 used here (as all others we tested)
seems to systematically overestimate neutron shell gaps, while
proton shell gaps are described better.

The inclusion of beyond-mean field correlations has a
smoothing effect on the variation of the two-particle separation
energies as a function of N or Z. The often unrealistic
local fluctuations obtained without these correlations in our
calculations or in those of deformed mean-field calculations by
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FIG. 4. (Color online) Two-neutron separation energy S2n for
even-even nuclei. Lines connect nuclei in isotopic chains.

other groups [37], or from mean-field-based mass models such
as the microscopic-macroscopic method [38] or the Brussels
HFB mass fits [39] are to a large extent suppressed. Thus, the
correlation energy added by fluctuations of the wave functions
around the mean-field minima compensates the too abrupt
shape changes (spherical to deformed, or prolate to oblate)
obtained within a pure mean-field approach.

IV. SUMMARY

The structural changes that occur in nuclei when going
along isotopic or isotonic chains have been discussed on the
basis of two-nucleon separation energies. We have shown

054312-5

• Beyond mean field 
effects tend to 
reduce the shell 
gaps

• Separation 
energies are 
smoother when 
beyond mean field 
are included. 

 Bender et al., PRC 73, 034322 (2006)

Skyrme SLy4Gogny D1S

Delaroche et al. PRC 81, 014303 (2010)
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Global systematics
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FIG. 9. (Color online) (a) Two-neutron separation energies; (b) two-proton separation energies. The three rows show the HFB theory, the
CHFB+5DCH theory, and experiment, respectively. Experimental data are from Ref. [49].

binding energies are given with experimental error of less than
200 keV. As already mentioned, our theory only includes nuclei
whose correlation energy is positive. This excludes only about
10% of the nuclei in the experimental data set. The number
of nuclei in the comparison is given on the first line of the
table. The first comparison, with the HFB energies, shows
rms residuals of slightly less than 1 MeV for both separation
energies and gaps. The performance here is slightly better
than was found in the survey based on the Skyrme energy
functional Sly4, reported in Ref. [12]. The bottom line of the
table shows the energies of the full CHFB+5DCH theory,
i.e., with the correlation energy included. The improvement is
about 25%. This is surprisingly comparable to the results found

TABLE III. Two-nucleon separation energies and gaps. Sizes of
the compared data sets are given on the first line. Rms residuals with
respect to experiment are given on the third and fourth lines, for the
HFB and CHFB+5DCH theories, respectively. Energies are in MeV.

S2n S2p δ2n δ2p

Size
Theory 455 433 396 358

Exp. 492 467 444 392
Theory

HFB 1.00 0.91 1.06 0.98
CHFB+5DCH 0.72 0.71 0.68 0.61

in Ref. [12], despite that correlation energy was calculated in
a completely different way.

We also carried out the statistics on the two-nucleon gaps.
This quantity is defined by the next higher order difference,

δ2n(N,Z) = S2n(N + 2, Z) − S2n(N,Z), 2n gap,
δ2p(N,Z) = S2p(N,Z + 2) − S2p(N,Z), 2p gap.

(20)

As a particular example, there has been much discussion
of evolution of the Z = 28 gap for high neutron numbers.
We find that the CHFB+5DCH energies are below the HFB
values, thus weakening any shell effect at Z = 28. There is
a peaking at N = 28 that could be attributed to “mutually
enhanced magicity” or to an Z = N symmetry effect, the
“Wigner energy.” Experimentally, there is a slight peaking
in the gap at N = 40, but we find that it is smooth in the
CHFB+5DCH theory.

The overall statistics for the performance of the theories
with respect to two-nucleon gaps are also shown in Table III.
The results are somewhat better than those for the separation
energies.

V. YRAST SPECTRUM

In this section we report the predictions for the lowest
excitations of angular momentum J = 2, 4, and 6. For the
quantitative measure of the global performance of the theory,
we will use the same figures of merit as in Ref. [4]. Because the

014303-11
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lightest even-even nuclei calculated in [20,21]. Together with
the experimental data, the plots give the results for spherical
and deformed mean-field calculations and for the projected
GCM ground states.

The S2p energies from spherical mean-field calculations
(top panel) nearly follow straight lines, with a slope that
slowly decreases with mass. Three gaps, corresponding to the
magic numbers Z = 28, 50, and 82, are clearly visible. Their
widths do not vary significantly with neutron number. Most
importantly, there is no sign of shell quenching in the S2p

trends, consistent with the gaps in the single-particle spectra
that remain fairly constant as well.

The inclusion of static mean-field deformations has a
significant effect on the curves. Compared to the spherical
results, the magic gaps in the S2p values are reduced in many
instances. As in the examples of the Z = 50 and N = 50 gaps,
the magic nuclei remain spherical, but not all of their neighbors
with ±2 protons are. The slope of the S2p curves is also
modified between the spherical shells: the energy gain due to
deformation increases S2p above magic numbers and decreases
it below. Moreover, several small local gaps open between the
spherical shell closures, and indicate deformed shell closures.

Correlations beyond mean-field amplify the effects brought
by static deformation: the gaps at the magic numbers are
reduced further. Confirming the discussion for the Z = 50
chain, deformation and dynamical correlations reduce the gap
in the S2p energies at all shell closures to about half their value
in spherical mean-field calculations. Also, the effect on energy
of dynamical correlations is the largest at shell closures, where
it rapidly changes from nucleus to nucleus, while it is nearly
constant for open shell nuclei [21]. It is quite gratifying to
see that adding the correlations brings the calculated values
close to experiment. Note that a particularly strong quenching
is visible for Z = 82. The three calculations presented here
are based on the same effective interaction which predicts a
spherical single-particle spectrum with gaps much larger than
those in the experimental S2p energies that vary only by a
few 100 keV with the neutron number. Hence, the quenching
observed in the experimental S2p values results from the
effects of deformation and of beyond mean-field correlations
on the total binding energy and could be called “collectivity
enhanced” quenching of the two-nucleon separation energies
at shell closures, rather than quenching of the gaps in the
spherical single-particle spectra.

Figure 4 shows the two-neutron separation energies S2n for
isotopic chains. Qualitatively, one finds a similar behavior as
for the S2p curves, and the quenching of the S2n values from
quadrupole correlations is even more pronounced. However,
the overall agreement with experiment of the S2p curves from
the J = 0 projected GCM is better than the one for S2n, as
was already pointed out and discussed in detail in [20,21]. The
Skyrme interaction SLy4 used here (as all others we tested)
seems to systematically overestimate neutron shell gaps, while
proton shell gaps are described better.

The inclusion of beyond-mean field correlations has a
smoothing effect on the variation of the two-particle separation
energies as a function of N or Z. The often unrealistic
local fluctuations obtained without these correlations in our
calculations or in those of deformed mean-field calculations by
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FIG. 4. (Color online) Two-neutron separation energy S2n for
even-even nuclei. Lines connect nuclei in isotopic chains.

other groups [37], or from mean-field-based mass models such
as the microscopic-macroscopic method [38] or the Brussels
HFB mass fits [39] are to a large extent suppressed. Thus, the
correlation energy added by fluctuations of the wave functions
around the mean-field minima compensates the too abrupt
shape changes (spherical to deformed, or prolate to oblate)
obtained within a pure mean-field approach.

IV. SUMMARY

The structural changes that occur in nuclei when going
along isotopic or isotonic chains have been discussed on the
basis of two-nucleon separation energies. We have shown

054312-5

• Beyond mean field 
effects tend to 
reduce the shell 
gaps

• Separation 
energies are 
smoother when 
beyond mean field 
are included. 

 Bender et al., PRC 73, 034322 (2006)

Skyrme SLy4Gogny D1S

Delaroche et al. PRC 81, 014303 (2010)

• No exact projections/GCM but gaussian overlap 
approximations (GOA) are used:  Are they variational?

• SLy4 and D1S parametrizations have a poor 
performance for masses (r.m.s. ~ 5 MeV).

• Local studies with exact projections in isotopes relevant 
for r-process.
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Cadmium isotopes. Gogny D1S parametrization

• Similar behavior of the two-neutron separation energies in all approaches and close to the experiment in the 

experimental region.

• GCM approach always includes correlation energies (variational) while 5DCH fails close to the shell closure. 

• 5DCH approach removes the shell gap at N=82 while the others still give a sizable gap.  This quenching is an artifact of 

the 5DCH and not an effect of including correlations beyond mean field (NOT VARIATIONAL).
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Cadmium isotopes. Gogny D1S parametrization
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Cadmium isotopes. Gogny D1S parametrization
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Cadmium isotopes. Gogny D1S parametrization
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Erbium isotopes. Gogny D1S parametrization

r-process region

• 5DCH fails in 

accounting for 

correlations at N=126 

shell closure.

• 5DCH artificially 

smooths out the trough 

and the shell gap in the 

S2n.

• Minima in the S2n are 

produced by changes in 

deformation. 
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Erbium isotopes. Gogny D1S parametrization
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Erbium isotopes. Gogny D1S parametrization
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Summary

• Convergence of the binding energies in the current energy density functional mass models 

can have an impact in nucleosynthesis calculations.
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Summary

• Convergence of the binding energies in the current energy density functional mass models 

can have an impact in nucleosynthesis calculations.
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Summary

• Current global calculations including BMF effects have assumed certain approaches/

interactions that could produce unphysical results whenever local analyses are performed:

- 5DCH is not always variational/consistent with the underlying mean-field and fails near 

the shell closures: spurious rather than BMF effects in these regions.
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Outlook

• Systematic analysis of the convergence/numerical noise. 

2. Convergence and numerical noise 3. Beyond mean field effects1. Introduction 4. Summary and outlook

• Perform global studies ensuring convergence of the results 

with the present variational BMF method.

• Study the impact on nucleosynthesis simulations.

• In the long-range plan:

- Description of the odd systems at the same level of BMF 

approach.

- Development of parametrizations of the interaction fitted 

with BMF functionals.
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• Impact of the nuclear mass model on r-process nucleosynthesis 
calculations:

Arcones and Martínez-Pinedo, PRC 83, 045809 (2011)

r-process in supernova ν-driven wind
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FIG. 2. (Color online) Evolution of temperature and density
for different astrophysical environments. The trajectories for
a neutrino-driven wind with cold (solid black line) and hot
(dashed green line) r-process are based on the simulations
of [3]. The trajectory for the neutron star merger [8] is given
by dotted red line.

this r-process network.

The abundances are very different for the three trajec-
tories (see Fig. 3) because they depend very much on the
temperature and density evolutions. For example, in the
hot wind scenario (n, γ)− (γ, n) equilibrium is important
in determining the abundances. In the other scenarios,
the main competition is between neutron captures and
beta decays. The red dots in Fig. 1 show the r-process
path at freeze-out (neutron-to-seed ratio equal one) for
the hot wind trajectory. The abundances at this point
thus provide crucial information for the r-process phase.
Afterwards nuclei beta decay to stability, only changing
the mass number by beta-delayed neutron emission or
by capture of the last neutron (see, e.g., [17, 25]). These
late-stage reactions lead to the stagger in the resulting
abundances between peaks. The observed abundances
are much smoother; the difference may be attributed to
the approximation used for the neutron captures [17].
None of the scenarios shown here fit the entire range of
solar system abundances. Very likely, the observed abun-
dances arise from a superposition of trajectories that in-

FIG. 3. (Color online) Abundances with and without nuclear
correlations based on hot and cold wind and neutron star
merger trajectories, from the top to the bottom. The black
dots are solar system r-process abundances.

dividually emphasize the lighter or the heavier mass num-
bers. Our goal here was simply to show relative changes
due to correlations, in scenarios that lead to the heavier
elements.
From Fig. 3 one sees that nuclear correlations affect

mainly the abundances in the region before the third
peak (180 < A < 190). Here, the three trajectories show
a similar behavior; the correlations reduce the trough.
However, the depth of the trough and the impact of cor-
relations depends on the trajectory. For the hot wind

Arcones and Bertsch,  PRL 108, 151101(2012)

Final abundances depend on the mass model used (for the same astrophysical conditions)

Motivation
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