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K�⇥K���⇥� � ⌅IMK;NZ;�⇥|Ĥ2b|IMK �;NZ;��⇥�⇧ + ⇤IKK�;NZ

DD [�(�, ⇥),��(��, ⇥�)]

|IMK;NZ;�⇥� = 2I + 1

8⇤2

Z
DI⇤

MK(⇥)R̂(⇥)P̂N P̂Z |�(�, ⇥)�d⇥

  Recent 3D AMP implementations

Skyrme: M. Bender, P.-H. Heenen, Phys. Rev. C 78, 024309 (2008)
- Particle number and angular momentum restoration of intrinsic 
LN states.

Relativistic: J.M. Yao et al., Phys. Rev. C 81, 04431 (2010)
- Angular momentum restoration of intrinsic HFB states.

Gogny: T.R.R., J.L. Egido, Phys. Rev C 81, 064323 (2010)
- Particle number and angular momentum restoration of PN-VAP 
states.

Theoretical framework
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 (M. Anguiano et al., Nucl. Phys. A 683, 227 (2001))
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K�⇥K���⇥� � ⌅IMK;NZ;�⇥|Ĥ2b|IMK �;NZ;��⇥�⇧ + ⇤IKK�;NZ

DD [�(�, ⇥),��(��, ⇥�)]

|IMK;NZ;�⇥� = 2I + 1

8⇤2

Z
DI⇤

MK(⇥)R̂(⇥)P̂N P̂Z |�(�, ⇥)�d⇥

Theoretical framework
2. Theoretical framework

 (M. Anguiano et al., Nucl. Phys. A 683, 227 (2001))



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

|IM ;NZ⇤� =
�

K�⇥

f I;NZ,⇤
K�⇥ |IMK;NZ;�⇥�• Final GCM states

• Intermediate Particle Number and Angular Momentum Projected states

• Initial intrinsic states: PN-VAP

EN,Z [�] =
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T. R. R., J. L. Egido, PRC 81, 064323 (2010)

Example: 24Mg

Convergence in Euler angles ITRIAXIAL ANGULAR MOMENTUM PROJECTION AND . . . PHYSICAL REVIEW C 81, 064323 (2010)

FIG. 3. (Color online) Orientations of the intrinsic deformation
as a function of the γ parameter. γ = 0◦, 120◦, 240◦ and γ =
60◦, 180◦, 300◦ correspond to axial symmetric prolate and oblate
shapes, respectively.

sufficient to get eigenstates of the particle number operators.
Naturally, the best candidate to check the convergence of the
angular momentum projection is the expectation value of the
total angular momentum operator Î 2, which, by considering
Eq. (5), must be

〈Î 2〉IK =
∫
DI∗

KK (")〈#|Î 2R̂(")P NP Z|#〉d"
∫
DI∗

KK (")〈#|R̂(")P NP Z|#〉d"
= h̄2I (I + 1).

(24)

The convergence in the number of integration points depends
on three factors, namely the orientation of the intrinsic axes,
the values of (I,K), and the deformation β. Let us start
with the two latter factors. In Fig. 4 we plot the mean value
of the total angular momentum operator as a function of β
for projected wave functions with I = 2, 6 and a fixed value
of γ = 50◦. The integration has been performed with two
sets of integration points in (a, b, c), S1 = (6, 16, 12) and
S2 = (16, 16, 32). Here, we can observe that for the set S2
the correct result of the eigenvalue is obtained for all β and
I,K . However, the set S1 fails both for large values of β for
all I,K and also for smaller deformations with high K = 4, 6.
The poor performance of this choice is clearly seen in the latter
case where substantial deviations from the correct number are
observed. Therefore, as a rule of thumb, the larger the values
of (I,K) and β the more integration points are needed to
have good results. The final choice will be the one that is
able to provide converged results for all (I,K,β, γ ) values.
Taking into account that the symmetry axis corresponds to pure
K = 0 states, one may assume that close to the symmetry
axis only small K components are present. We therefore
examine the role of the orientation of the intrinsic axes in
the PNAMP method. First, we explore the convergence of
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FIG. 4. (Color online) Expectation values of the total angular
momentum operator calculated with angular momentum projected
states |IK〉 as a function of the β deformation (γ = 50◦) and for
different sets of integration points in the Euler angles (a, b, c) [red
circles, S2 = (16, 16, 32); black filled boxes, S1 = (6, 16, 12)]. The
top and bottom panels correspond to I = 2 and I = 6, and their
corresponding K values, respectively.

the angular momentum projection using the property given in
Fig. 3 and projecting symmetric states with the same value
of β but with γ ′ = 120◦ + γ . If our assumption is right, we
could reduce the number of integration points using instead of
a given wave function an equivalent intrinsic wave function
with an orientation closer to the K = 0 case. In Fig. 5 we
plot as a function of β the expectation values of the angular
momentum operator for intrinsic states with γ = 50◦ and also
with γ ′ = 170◦. The sets of integration points are the same as in
Fig. 4. For the set S1 with γ = 50◦ we observe again the loss of
convergence whenever β and I increase. However, very much
improved results are obtained for the same set of integration
points, S1, but projecting the wave functions with the γ = 170◦

orientation. In addition, the calculation with the set S2 reveals
the numerical origin of the lack of convergence for the set S1
with γ = 50◦. Therefore, we will use this property to define
the mesh in the (β, γ ) plane for performing GCM-PNAMP
calculations as we will see in the following.

The analysis shown in Figs. 4 and 5 has been performed
with diagonal matrix elements. Since in the GCM calculations
we have to consider also nondiagonal matrix elements, we have
extended our study to this case. We find that to ensure a good
convergence in all cases, the final set of integration points
in the Euler angles has to be chosen as (Na = 8, Nb = 16,
Nc = 16). We can also exploit the degeneracy illustrated in

064323-7

S1=(6,16,12) 
S2=(16,16,32)

0

5

10

15

20

25

30

a=0

a=60a=120

a=180

a=240 a=300

|IMK;NZ;��i = 2I + 1

8⇡2

Z
DI⇤

MK(⌦)R̂(⌦)P̂N P̂Z |�(�, �)id⌦

Particle number and angular 
momentum projection

2. Theoretical framework



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

T. R. R., J. L. Egido, PRC 81, 064323 (2010)

Example: 24Mg

Convergence in Euler angles ITRIAXIAL ANGULAR MOMENTUM PROJECTION AND . . . PHYSICAL REVIEW C 81, 064323 (2010)

FIG. 3. (Color online) Orientations of the intrinsic deformation
as a function of the γ parameter. γ = 0◦, 120◦, 240◦ and γ =
60◦, 180◦, 300◦ correspond to axial symmetric prolate and oblate
shapes, respectively.

sufficient to get eigenstates of the particle number operators.
Naturally, the best candidate to check the convergence of the
angular momentum projection is the expectation value of the
total angular momentum operator Î 2, which, by considering
Eq. (5), must be

〈Î 2〉IK =
∫
DI∗

KK (")〈#|Î 2R̂(")P NP Z|#〉d"
∫
DI∗

KK (")〈#|R̂(")P NP Z|#〉d"
= h̄2I (I + 1).

(24)

The convergence in the number of integration points depends
on three factors, namely the orientation of the intrinsic axes,
the values of (I,K), and the deformation β. Let us start
with the two latter factors. In Fig. 4 we plot the mean value
of the total angular momentum operator as a function of β
for projected wave functions with I = 2, 6 and a fixed value
of γ = 50◦. The integration has been performed with two
sets of integration points in (a, b, c), S1 = (6, 16, 12) and
S2 = (16, 16, 32). Here, we can observe that for the set S2
the correct result of the eigenvalue is obtained for all β and
I,K . However, the set S1 fails both for large values of β for
all I,K and also for smaller deformations with high K = 4, 6.
The poor performance of this choice is clearly seen in the latter
case where substantial deviations from the correct number are
observed. Therefore, as a rule of thumb, the larger the values
of (I,K) and β the more integration points are needed to
have good results. The final choice will be the one that is
able to provide converged results for all (I,K,β, γ ) values.
Taking into account that the symmetry axis corresponds to pure
K = 0 states, one may assume that close to the symmetry
axis only small K components are present. We therefore
examine the role of the orientation of the intrinsic axes in
the PNAMP method. First, we explore the convergence of
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FIG. 4. (Color online) Expectation values of the total angular
momentum operator calculated with angular momentum projected
states |IK〉 as a function of the β deformation (γ = 50◦) and for
different sets of integration points in the Euler angles (a, b, c) [red
circles, S2 = (16, 16, 32); black filled boxes, S1 = (6, 16, 12)]. The
top and bottom panels correspond to I = 2 and I = 6, and their
corresponding K values, respectively.

the angular momentum projection using the property given in
Fig. 3 and projecting symmetric states with the same value
of β but with γ ′ = 120◦ + γ . If our assumption is right, we
could reduce the number of integration points using instead of
a given wave function an equivalent intrinsic wave function
with an orientation closer to the K = 0 case. In Fig. 5 we
plot as a function of β the expectation values of the angular
momentum operator for intrinsic states with γ = 50◦ and also
with γ ′ = 170◦. The sets of integration points are the same as in
Fig. 4. For the set S1 with γ = 50◦ we observe again the loss of
convergence whenever β and I increase. However, very much
improved results are obtained for the same set of integration
points, S1, but projecting the wave functions with the γ = 170◦

orientation. In addition, the calculation with the set S2 reveals
the numerical origin of the lack of convergence for the set S1
with γ = 50◦. Therefore, we will use this property to define
the mesh in the (β, γ ) plane for performing GCM-PNAMP
calculations as we will see in the following.

The analysis shown in Figs. 4 and 5 has been performed
with diagonal matrix elements. Since in the GCM calculations
we have to consider also nondiagonal matrix elements, we have
extended our study to this case. We find that to ensure a good
convergence in all cases, the final set of integration points
in the Euler angles has to be chosen as (Na = 8, Nb = 16,
Nc = 16). We can also exploit the degeneracy illustrated in
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FIG. 5. (Color online) Expectation values of the total angular
momentum operator between angular momentum projected states
I = 0, 2, 4, 6, 8; K = 0 and I = 3; K = 2 as a function of the β

deformation and for different sets of integration points in the
Euler angles and orientation of the intrinsic axes [red circles,
S2 = (16, 16, 32); black filled boxes, S1 = (6, 16, 12) with γ = 50◦;
blue filled diamonds, S1 = (6, 16, 12) with γ = 170◦].

Fig. 3 to perform a consistency test of the implementation of
the PNAMP method [47]. By using symmetry properties of
the point group D2 it can be shown, in the notation of Eq. (2),
that

〈IMK; NZ; βγ = 60◦|Ĥ |IMK; NZ; βγ = 60◦〉
〈IMK; NZ; βγ = 60◦|IMK; NZ; βγ = 60◦〉

= 〈I00; NZ; βγ = 180◦|Ĥ |I00; NZ; βγ = 180◦〉
〈I00; NZ; βγ = 180◦|I00; NZ; βγ = 180◦〉

; (25)

that is, the projected energy calculated with a HFB wave
function with γ = 60◦ is independent of K and equal to
the projected energy calculated with the HFB wave function
with γ = 180◦. A similar relation applies for the transition
probabilities. In Fig. 6 we show the excitation energies and
reduced transition probabilities B(E2) calculated with the
same oblate axially symmetric wave function (β = 0.625)
but oriented differently in space with γ = 60◦ (left panel)
and γ = 180◦ (right panel). As expected, we find that the
γ = 60◦ excitation spectrum and transition probabilities are
independent of K and therefore identical to the mixed ones. A
look to the right panel corroborates also that these quantities
coincide with the ones generated with the γ = 180◦ intrinsic
wave function. Once we have analyzed the convergence and
consistency of the PNAMP method for a given point in the
(β, γ ) plane we can study the potential energy surfaces for the
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FIG. 6. (Left) Excitation energies and B(E2) (in e2 fm4 units)
values for the states before and after K mixing, |IMK〉 and
|IM〉, respectively, with β = 0.625 and γ = 60◦. (Right) Excitation
energies and BE(2) values for the state |IMK = 0〉 with β = 0.625
and γ = 180◦.

different approaches (VAP-PN and PNAMP with and without
K mixing). We explore first the role of the mesh of points
needed to cover all different triaxial shapes. Given the better
convergence properties for wave functions with a large K = 0
component (compare Fig. 5), we divide the calculation into
two regions, γ ∈ [0◦, 30◦] and γ ∈ [150◦, 180◦] (see Fig. 7).
The last interval is equivalent to γ ∈ [30◦, 60◦] and we will
transform the results to it whenever we plot the different PESs
throughout this paper. Furthermore, the resolution of the PES is
affected by the way we perform the discretization of the plane.
In the lower panels of Fig. 7 we show the VAP-PN energy
surfaces for a constant step division both in β and γ directions
(left part) and for a division based on equilateral triangles (right
part). The number of points is Npoints = 99 in both cases. We
observe that the distribution of the points in constant steps is
not the best choice either for small β, where for many points
almost degenerated states are obtained, or for large β, where a
loss of resolution in γ is observed for increasing values of β.
It is precisely in this region where the interpolation between
distant points produces artifacts or wrong results in the PES
such as spurious oscillations, as for example in the region
(β ∈ [1.0, 1.2], γ ∈ [20◦, 40◦]) or softening of the contour
plots (β ∈ [0.6, 1.1], γ ∈ [50◦, 60◦]). This is rectified with
a discretization based on triangles and the results presented
hereafter are calculated with this mesh. Nevertheless, although
only small differences around the minimum of the PES are
obtained in the case of 24Mg, these effects will be enhanced
for rather γ -soft and moderate β deformed nuclei. In those
cases, the division based on triangles will give much better
results for the same number of total points included in the
calculation and will save computing time with respect to the
other mesh.

V. TRIAXIAL CALCULATIONS FOR 24Mg

In the previous sections we have studied several aspects
needed to ensure good performance of the full generator
coordinate method with the particle number and triaxial
angular momentum projected wave functions. This previous
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Fig. 3 to perform a consistency test of the implementation of
the PNAMP method [47]. By using symmetry properties of
the point group D2 it can be shown, in the notation of Eq. (2),
that

〈IMK; NZ; βγ = 60◦|Ĥ |IMK; NZ; βγ = 60◦〉
〈IMK; NZ; βγ = 60◦|IMK; NZ; βγ = 60◦〉

= 〈I00; NZ; βγ = 180◦|Ĥ |I00; NZ; βγ = 180◦〉
〈I00; NZ; βγ = 180◦|I00; NZ; βγ = 180◦〉

; (25)

that is, the projected energy calculated with a HFB wave
function with γ = 60◦ is independent of K and equal to
the projected energy calculated with the HFB wave function
with γ = 180◦. A similar relation applies for the transition
probabilities. In Fig. 6 we show the excitation energies and
reduced transition probabilities B(E2) calculated with the
same oblate axially symmetric wave function (β = 0.625)
but oriented differently in space with γ = 60◦ (left panel)
and γ = 180◦ (right panel). As expected, we find that the
γ = 60◦ excitation spectrum and transition probabilities are
independent of K and therefore identical to the mixed ones. A
look to the right panel corroborates also that these quantities
coincide with the ones generated with the γ = 180◦ intrinsic
wave function. Once we have analyzed the convergence and
consistency of the PNAMP method for a given point in the
(β, γ ) plane we can study the potential energy surfaces for the

0

5

10

15

20

25

E
 (M

eV
)

0+

2+

4+

6+

8+

0+

2+

4+

6+

8+

K=0 K=2 K=4 K=6 K=8 mixed K=0

503 503

281
281

281
281

278
278

278
278

278
278

297
297

297
297

297

296

296
296

503

281

278

296

503

281

278

296

γ=60° γ=180°β=0.625

FIG. 6. (Left) Excitation energies and B(E2) (in e2 fm4 units)
values for the states before and after K mixing, |IMK〉 and
|IM〉, respectively, with β = 0.625 and γ = 60◦. (Right) Excitation
energies and BE(2) values for the state |IMK = 0〉 with β = 0.625
and γ = 180◦.

different approaches (VAP-PN and PNAMP with and without
K mixing). We explore first the role of the mesh of points
needed to cover all different triaxial shapes. Given the better
convergence properties for wave functions with a large K = 0
component (compare Fig. 5), we divide the calculation into
two regions, γ ∈ [0◦, 30◦] and γ ∈ [150◦, 180◦] (see Fig. 7).
The last interval is equivalent to γ ∈ [30◦, 60◦] and we will
transform the results to it whenever we plot the different PESs
throughout this paper. Furthermore, the resolution of the PES is
affected by the way we perform the discretization of the plane.
In the lower panels of Fig. 7 we show the VAP-PN energy
surfaces for a constant step division both in β and γ directions
(left part) and for a division based on equilateral triangles (right
part). The number of points is Npoints = 99 in both cases. We
observe that the distribution of the points in constant steps is
not the best choice either for small β, where for many points
almost degenerated states are obtained, or for large β, where a
loss of resolution in γ is observed for increasing values of β.
It is precisely in this region where the interpolation between
distant points produces artifacts or wrong results in the PES
such as spurious oscillations, as for example in the region
(β ∈ [1.0, 1.2], γ ∈ [20◦, 40◦]) or softening of the contour
plots (β ∈ [0.6, 1.1], γ ∈ [50◦, 60◦]). This is rectified with
a discretization based on triangles and the results presented
hereafter are calculated with this mesh. Nevertheless, although
only small differences around the minimum of the PES are
obtained in the case of 24Mg, these effects will be enhanced
for rather γ -soft and moderate β deformed nuclei. In those
cases, the division based on triangles will give much better
results for the same number of total points included in the
calculation and will save computing time with respect to the
other mesh.

V. TRIAXIAL CALCULATIONS FOR 24Mg

In the previous sections we have studied several aspects
needed to ensure good performance of the full generator
coordinate method with the particle number and triaxial
angular momentum projected wave functions. This previous
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and angular momenta normalized to the corresponding minima. The contour lines are divided in 1-MeV (black dashed lines) and 2-MeV
steps (continuous magenta lines). (Left panels) Top: Particle number projection (VAP), Emin = −196.02 MeV; bottom: PNAMP approach
for I = 0h̄, Emin = −200.74 MeV. (Middle panels) IK-projected energies according to Eq. (26). Top: I = 2, K = 0, Emin = −199.42 MeV;
bottom: I = 2, K = 2, Emin = −198.78 MeV. (Right panels) Lowest eigenvalues of the PNAMP approach. Top: I = 21, Emin = −199.43 MeV;
bottom: I = 22, Emin = −195.18 MeV.

B. Configuration mixing calculations for 24Mg

The final step in the calculation of the spectrum is the
GCM-PNAMP method, in which simultaneous mixing of the

TABLE I. β and γ coordinates of the triaxial PNAMP minima
after K mixing as well as excitation energies and distribution of
K components [i.e., |HI ; NZ;σ

K (β, γ )|2 see Eq. (22) and following] as
a function of Iπ

σ . The values of (β, γ )min may not coincide exactly
with those of Fig. 8 because of the finite size of the grid used in
the calculations. The quoted values are the actual ones used in the
K-mixing calculation. The K = ±6, ±8 components, not shown, are
exactly zero. The highest components are printed in boldface.

I+
σ (β, γ ◦)min Emin (MeV) K = 0 K = ±2 K = ±4

0+
1 (0.696, 8.95) 0.000 1.000 – –

2+
1 (0.696, 8.95) 1.311 1.000 0.000 –

2+
2 (0.696, 8.95) 5.556 0.000 0.500 –

3+
1 (0.696, 8.95) 6.695 0.000 0.500 –

4+
1 (0.661, 19.1) 4.129 1.000 0.000 0.000

4+
2 (0.661, 19.1) 8.116 0.000 0.500 0.000

5+
1 (0.661, 19.1) 9.883 0.0000 0.499 0.001

6+
1 (0.545, 23.4) 8.471 0.997 0.001 0.000

6+
2 (0.545, 23.4) 12.139 0.002 0.497 0.002

7+
1 (0.545, 23.4) 14.645 0.000 0.498 0.002

8+
1 (0.545, 23.4) 15.401 0.924 0.036 0.002

different deformations (β, γ ) and K components is performed
[see Eq. (1)]. As we mentioned in Sec. II A, we have to solve
the HWG equations separately for each value of the angular
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- Minimum displaced to triaxial shapes.

- Projection onto odd I angular momentum

- Softening of PES with increasing I.

- Difference between triaxial minimum and axial saddle point of
~ 0.7 MeV (0+) 
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FIG. 7. (Color online) Mesh of
points using constant step in β and γ

in degrees (top left) or triangle divi-
sion (top right) and the corresponding
calculated VAP-PN potential energy
surfaces (lower panels) transformed to
the interval γ ε[0◦, 60◦]. The energy is
normalized to the minimum of the PES
(−196.01 MeV) and the contour lines
are divided in 1-MeV (black dashed
lines) and 2-MeV steps (continuous
magenta lines).

research is important because the full GCM-PNAMP calcula-
tion is very demanding of CPU time and both convergence
tests and the choice of the relevant parameters should be
performed in advance, but nonetheless also checked afterward.
In this section the final results for 24Mg are presented; their
calculation has been done with the set of integration points
in the Euler angles (Na = 8, Nb = 16, Nc = 16). We choose
the triangular mesh with Npoints = 99 shown in Fig. 7 to solve
the constrained particle number projection before the variation
(VAP-PN) equations. The intrinsic many-body wave functions
|$(β, γ )〉 are expanded in a Cartesian harmonic oscillator
basis and the number of spherical shells included in this basis is
Nshells = 7 with an oscillator length of b = 1.01A1/6. In Fig. 7
the VAP-PN energy landscape is plotted, showing a single
and well-defined minimum at β = 0.5, γ = 0◦ separated by
∼7.7 MeV from the spherical point and ∼6.1 MeV from the
oblate saddle point at β = 0.25. These results are consistent
with the ones obtained in the axial calculation (see Fig. 1)
with the difference of having a saddle point in the (β, γ ) plane
instead of a minimum on the oblate side. Similar PESs are
obtained for Skyrme (HFB with PN-PAV included) [47] and
relativistic (BCS without PNP) [48] interactions, although a
softer surface between the spherical point and the minimum is
obtained for the Skyrme interaction.

A. Triaxial PNAMP potential energy surfaces
and the RVAMPIR approach for 24Mg

The solution of the triaxial HWG equation, Eq. (13), does
not require us to perform a separate angular momentum
projection in the laboratory system for each component of the
GCM basis states in the sense of Eq. (22). However, as in the
axial case, we expect the PNAMP potential energy surfaces to
provide insight and a better interpretation of the configuration
mixing calculations. We can also separate the energy gain
resulting from the triaxial AMP from the one from the (β, γ )

configuration mixing. Furthermore, they are very important
because the minima of these PESs determine the associated
RVAMPIR solution. The PNAMP is an involved approach that
requires the solution of the HWG equation, Eq. (23), to include
the K mixing. The HWG eigenstates, Eq. (22), provide real
eigenstates of the symmetry operators that can be used, as we
shall see in the following, to generate energy spectra and to
calculate transition probabilities.

In Fig. 8 we plot the normalized PNAMP energy landscapes
in the (β, γ ) plane for the lowest eigenvalue in the K space
for each angular momentum I = 0+

1 –8+
1 [see Eq. (23)]. In

addition, all the points close to the spherical one, and those
close to axiality for odd values of I , have been removed for
I %= 0 because their norm is very small. The first noticeable
aspect is that the VAP-PN axial minimum of Fig. 7 becomes
a saddle point, the minimum being displaced toward larger
β values and γ > 0◦ for all values of the angular momentum,
although the barriers between the new minima and the axial
prolate saddle points are less than 1 MeV. For I = 0+

1 , 2+
1

the minima are located in (β ∼ 0.7, γ ∼ 10◦) whereas with
increasing value of the angular momentum we observe a
softening of the PES and a displacement of the minimum
to larger γ and smaller β deformation, (β ∼ 0.65, γ ∼ 15◦)
for I = 4+

1 , 5+
1 and (β ∼ 0.55, γ ∼ 17◦) for I = 6+

1 , 7+
1 , 8+

1 .
We also note that in the case of odd-I values the softening
of the PES is in the γ direction toward the oblate saddle
point. The energy difference between the VAP-PN and the
I = 0+

1 minima is ∼4.6 MeV but the gain in energy owing
to the inclusion of the triaxial degree of freedom (i.e, the
difference between the triaxial minimum and the axial saddle
point) is ∼0.7 MeV. Similar results have been reported with
Skyrme and relativistic interactions although these studies of
the PNAMP PES only extend to I = 0, 2 and the effect of
increasing triaxiality with growing angular momentum has
not been analyzed.

For an interpretation of the configuration mixing calcula-
tions it has become customary to plot the diagonal matrix
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research is important because the full GCM-PNAMP calcula-
tion is very demanding of CPU time and both convergence
tests and the choice of the relevant parameters should be
performed in advance, but nonetheless also checked afterward.
In this section the final results for 24Mg are presented; their
calculation has been done with the set of integration points
in the Euler angles (Na = 8, Nb = 16, Nc = 16). We choose
the triangular mesh with Npoints = 99 shown in Fig. 7 to solve
the constrained particle number projection before the variation
(VAP-PN) equations. The intrinsic many-body wave functions
|$(β, γ )〉 are expanded in a Cartesian harmonic oscillator
basis and the number of spherical shells included in this basis is
Nshells = 7 with an oscillator length of b = 1.01A1/6. In Fig. 7
the VAP-PN energy landscape is plotted, showing a single
and well-defined minimum at β = 0.5, γ = 0◦ separated by
∼7.7 MeV from the spherical point and ∼6.1 MeV from the
oblate saddle point at β = 0.25. These results are consistent
with the ones obtained in the axial calculation (see Fig. 1)
with the difference of having a saddle point in the (β, γ ) plane
instead of a minimum on the oblate side. Similar PESs are
obtained for Skyrme (HFB with PN-PAV included) [47] and
relativistic (BCS without PNP) [48] interactions, although a
softer surface between the spherical point and the minimum is
obtained for the Skyrme interaction.

A. Triaxial PNAMP potential energy surfaces
and the RVAMPIR approach for 24Mg

The solution of the triaxial HWG equation, Eq. (13), does
not require us to perform a separate angular momentum
projection in the laboratory system for each component of the
GCM basis states in the sense of Eq. (22). However, as in the
axial case, we expect the PNAMP potential energy surfaces to
provide insight and a better interpretation of the configuration
mixing calculations. We can also separate the energy gain
resulting from the triaxial AMP from the one from the (β, γ )

configuration mixing. Furthermore, they are very important
because the minima of these PESs determine the associated
RVAMPIR solution. The PNAMP is an involved approach that
requires the solution of the HWG equation, Eq. (23), to include
the K mixing. The HWG eigenstates, Eq. (22), provide real
eigenstates of the symmetry operators that can be used, as we
shall see in the following, to generate energy spectra and to
calculate transition probabilities.

In Fig. 8 we plot the normalized PNAMP energy landscapes
in the (β, γ ) plane for the lowest eigenvalue in the K space
for each angular momentum I = 0+

1 –8+
1 [see Eq. (23)]. In

addition, all the points close to the spherical one, and those
close to axiality for odd values of I , have been removed for
I %= 0 because their norm is very small. The first noticeable
aspect is that the VAP-PN axial minimum of Fig. 7 becomes
a saddle point, the minimum being displaced toward larger
β values and γ > 0◦ for all values of the angular momentum,
although the barriers between the new minima and the axial
prolate saddle points are less than 1 MeV. For I = 0+

1 , 2+
1

the minima are located in (β ∼ 0.7, γ ∼ 10◦) whereas with
increasing value of the angular momentum we observe a
softening of the PES and a displacement of the minimum
to larger γ and smaller β deformation, (β ∼ 0.65, γ ∼ 15◦)
for I = 4+

1 , 5+
1 and (β ∼ 0.55, γ ∼ 17◦) for I = 6+

1 , 7+
1 , 8+

1 .
We also note that in the case of odd-I values the softening
of the PES is in the γ direction toward the oblate saddle
point. The energy difference between the VAP-PN and the
I = 0+

1 minima is ∼4.6 MeV but the gain in energy owing
to the inclusion of the triaxial degree of freedom (i.e, the
difference between the triaxial minimum and the axial saddle
point) is ∼0.7 MeV. Similar results have been reported with
Skyrme and relativistic interactions although these studies of
the PNAMP PES only extend to I = 0, 2 and the effect of
increasing triaxiality with growing angular momentum has
not been analyzed.

For an interpretation of the configuration mixing calcula-
tions it has become customary to plot the diagonal matrix

064323-9

Configuration (shape and K) mixing

Example: 24Mg
2. Theoretical framework



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

Selection of the mesh. Resolution.TRIAXIAL ANGULAR MOMENTUM PROJECTION AND . . . PHYSICAL REVIEW C 81, 064323 (2010)

0

10

20

30

40

50

60

!

0 0.2 0.4 0.6 0.8 1 1.2 1.4
0

0.2

0.4

0.6

0.8

1

1.2

1.4

0

10

20

30

40

50

60

γ

ββ
0 0.2 0.4 0.6 0.8 1 1.2 1.4

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0

10

20

30

40

50

60

!

β
0 0.2 0.4 0.6 0.8 1 1.2 1.4

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0

10

20

30

40

50

60

γ

0 0.2 0.4 0.6 0.8 1 1.2 1.4
0

0.2

0.4

0.6

0.8

1

1.2

1.4

30°150°

180° 0°
-1.2 -0.8 -0.4 0 0.4 0.8 1.2

β

30°150°

180° 0°
-1.2 -0.8 -0.4 0 0.4 0.8 1.2

β

PN-VAP PN-VAPVAP-PN VAP-PN

FIG. 7. (Color online) Mesh of
points using constant step in β and γ

in degrees (top left) or triangle divi-
sion (top right) and the corresponding
calculated VAP-PN potential energy
surfaces (lower panels) transformed to
the interval γ ε[0◦, 60◦]. The energy is
normalized to the minimum of the PES
(−196.01 MeV) and the contour lines
are divided in 1-MeV (black dashed
lines) and 2-MeV steps (continuous
magenta lines).

research is important because the full GCM-PNAMP calcula-
tion is very demanding of CPU time and both convergence
tests and the choice of the relevant parameters should be
performed in advance, but nonetheless also checked afterward.
In this section the final results for 24Mg are presented; their
calculation has been done with the set of integration points
in the Euler angles (Na = 8, Nb = 16, Nc = 16). We choose
the triangular mesh with Npoints = 99 shown in Fig. 7 to solve
the constrained particle number projection before the variation
(VAP-PN) equations. The intrinsic many-body wave functions
|$(β, γ )〉 are expanded in a Cartesian harmonic oscillator
basis and the number of spherical shells included in this basis is
Nshells = 7 with an oscillator length of b = 1.01A1/6. In Fig. 7
the VAP-PN energy landscape is plotted, showing a single
and well-defined minimum at β = 0.5, γ = 0◦ separated by
∼7.7 MeV from the spherical point and ∼6.1 MeV from the
oblate saddle point at β = 0.25. These results are consistent
with the ones obtained in the axial calculation (see Fig. 1)
with the difference of having a saddle point in the (β, γ ) plane
instead of a minimum on the oblate side. Similar PESs are
obtained for Skyrme (HFB with PN-PAV included) [47] and
relativistic (BCS without PNP) [48] interactions, although a
softer surface between the spherical point and the minimum is
obtained for the Skyrme interaction.

A. Triaxial PNAMP potential energy surfaces
and the RVAMPIR approach for 24Mg

The solution of the triaxial HWG equation, Eq. (13), does
not require us to perform a separate angular momentum
projection in the laboratory system for each component of the
GCM basis states in the sense of Eq. (22). However, as in the
axial case, we expect the PNAMP potential energy surfaces to
provide insight and a better interpretation of the configuration
mixing calculations. We can also separate the energy gain
resulting from the triaxial AMP from the one from the (β, γ )

configuration mixing. Furthermore, they are very important
because the minima of these PESs determine the associated
RVAMPIR solution. The PNAMP is an involved approach that
requires the solution of the HWG equation, Eq. (23), to include
the K mixing. The HWG eigenstates, Eq. (22), provide real
eigenstates of the symmetry operators that can be used, as we
shall see in the following, to generate energy spectra and to
calculate transition probabilities.

In Fig. 8 we plot the normalized PNAMP energy landscapes
in the (β, γ ) plane for the lowest eigenvalue in the K space
for each angular momentum I = 0+

1 –8+
1 [see Eq. (23)]. In

addition, all the points close to the spherical one, and those
close to axiality for odd values of I , have been removed for
I %= 0 because their norm is very small. The first noticeable
aspect is that the VAP-PN axial minimum of Fig. 7 becomes
a saddle point, the minimum being displaced toward larger
β values and γ > 0◦ for all values of the angular momentum,
although the barriers between the new minima and the axial
prolate saddle points are less than 1 MeV. For I = 0+

1 , 2+
1

the minima are located in (β ∼ 0.7, γ ∼ 10◦) whereas with
increasing value of the angular momentum we observe a
softening of the PES and a displacement of the minimum
to larger γ and smaller β deformation, (β ∼ 0.65, γ ∼ 15◦)
for I = 4+

1 , 5+
1 and (β ∼ 0.55, γ ∼ 17◦) for I = 6+

1 , 7+
1 , 8+

1 .
We also note that in the case of odd-I values the softening
of the PES is in the γ direction toward the oblate saddle
point. The energy difference between the VAP-PN and the
I = 0+

1 minima is ∼4.6 MeV but the gain in energy owing
to the inclusion of the triaxial degree of freedom (i.e, the
difference between the triaxial minimum and the axial saddle
point) is ∼0.7 MeV. Similar results have been reported with
Skyrme and relativistic interactions although these studies of
the PNAMP PES only extend to I = 0, 2 and the effect of
increasing triaxiality with growing angular momentum has
not been analyzed.

For an interpretation of the configuration mixing calcula-
tions it has become customary to plot the diagonal matrix
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research is important because the full GCM-PNAMP calcula-
tion is very demanding of CPU time and both convergence
tests and the choice of the relevant parameters should be
performed in advance, but nonetheless also checked afterward.
In this section the final results for 24Mg are presented; their
calculation has been done with the set of integration points
in the Euler angles (Na = 8, Nb = 16, Nc = 16). We choose
the triangular mesh with Npoints = 99 shown in Fig. 7 to solve
the constrained particle number projection before the variation
(VAP-PN) equations. The intrinsic many-body wave functions
|$(β, γ )〉 are expanded in a Cartesian harmonic oscillator
basis and the number of spherical shells included in this basis is
Nshells = 7 with an oscillator length of b = 1.01A1/6. In Fig. 7
the VAP-PN energy landscape is plotted, showing a single
and well-defined minimum at β = 0.5, γ = 0◦ separated by
∼7.7 MeV from the spherical point and ∼6.1 MeV from the
oblate saddle point at β = 0.25. These results are consistent
with the ones obtained in the axial calculation (see Fig. 1)
with the difference of having a saddle point in the (β, γ ) plane
instead of a minimum on the oblate side. Similar PESs are
obtained for Skyrme (HFB with PN-PAV included) [47] and
relativistic (BCS without PNP) [48] interactions, although a
softer surface between the spherical point and the minimum is
obtained for the Skyrme interaction.

A. Triaxial PNAMP potential energy surfaces
and the RVAMPIR approach for 24Mg

The solution of the triaxial HWG equation, Eq. (13), does
not require us to perform a separate angular momentum
projection in the laboratory system for each component of the
GCM basis states in the sense of Eq. (22). However, as in the
axial case, we expect the PNAMP potential energy surfaces to
provide insight and a better interpretation of the configuration
mixing calculations. We can also separate the energy gain
resulting from the triaxial AMP from the one from the (β, γ )

configuration mixing. Furthermore, they are very important
because the minima of these PESs determine the associated
RVAMPIR solution. The PNAMP is an involved approach that
requires the solution of the HWG equation, Eq. (23), to include
the K mixing. The HWG eigenstates, Eq. (22), provide real
eigenstates of the symmetry operators that can be used, as we
shall see in the following, to generate energy spectra and to
calculate transition probabilities.

In Fig. 8 we plot the normalized PNAMP energy landscapes
in the (β, γ ) plane for the lowest eigenvalue in the K space
for each angular momentum I = 0+

1 –8+
1 [see Eq. (23)]. In

addition, all the points close to the spherical one, and those
close to axiality for odd values of I , have been removed for
I %= 0 because their norm is very small. The first noticeable
aspect is that the VAP-PN axial minimum of Fig. 7 becomes
a saddle point, the minimum being displaced toward larger
β values and γ > 0◦ for all values of the angular momentum,
although the barriers between the new minima and the axial
prolate saddle points are less than 1 MeV. For I = 0+

1 , 2+
1

the minima are located in (β ∼ 0.7, γ ∼ 10◦) whereas with
increasing value of the angular momentum we observe a
softening of the PES and a displacement of the minimum
to larger γ and smaller β deformation, (β ∼ 0.65, γ ∼ 15◦)
for I = 4+

1 , 5+
1 and (β ∼ 0.55, γ ∼ 17◦) for I = 6+
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We also note that in the case of odd-I values the softening
of the PES is in the γ direction toward the oblate saddle
point. The energy difference between the VAP-PN and the
I = 0+

1 minima is ∼4.6 MeV but the gain in energy owing
to the inclusion of the triaxial degree of freedom (i.e, the
difference between the triaxial minimum and the axial saddle
point) is ∼0.7 MeV. Similar results have been reported with
Skyrme and relativistic interactions although these studies of
the PNAMP PES only extend to I = 0, 2 and the effect of
increasing triaxiality with growing angular momentum has
not been analyzed.
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tions it has become customary to plot the diagonal matrix
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FIG. 11. (Color online) GCM-PNAMP energies (I = 2) as a
function of the corresponding norm eigenvalue, normalized to the
highest value, used as cutoff in the definition of the natural basis
[Eq. (17)].

momentum. These generalized eigenvalue problems are
solved by removing the linear dependence of the states with
the definition of the orthonormal natural basis [Eq. (17)]. To
avoid spurious states in this basis, we have to define a cutoff
parameter, ζ , to determine the states in the natural basis [see
Eq. (17) and the text that follows it]. The convergence of the
triaxial PNAMP-GCM method is showed in Fig. 11 where the
lowest three energy values obtained for I = 2 are represented
as a function of the parameter ζ . Here we distinguish a region
of large ζ in which the energies are decreasing followed by
a range of values where the energies are nearly constant.
The appearance of these plateaus is the signature of the
convergence of the GCM method [67]. We observe that this
plateau is better defined for the 2+

1 and 2+
2 states as compared

to the 2+
3 . Finally, for small values of ζ the linear dependence

shows up and we obtain meaningless values for the energy.
The final choice for ζ is a value around which we observe
a wide plateau for all the levels of interest. This value must
be kept constant for a given angular momentum to guarantee
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24Mg

FIG. 12. Calculated excitation energies and reduced transition probabilities B(E2) (in e2 fm4) in 24Mg obtained using axially symmetric
(left) and triaxial (middle) GCM-PNAMP approaches compared to the experimental values (right). The widths of the arrows are proportional
to the corresponding B values. The experimental values are taken from Ref. [68].

the orthogonality of the corresponding wave functions. This
analysis has been performed for different values of the angular
momentum, showing in all cases a behavior similar to the one
presented in Fig. 11. Eventually, we have chosen ζ = 10−3

as the final value, similar to the one found in Ref. [49]. This
procedure can be complemented by an inspection of the shape
of the collective wave function as a function of ζ .

In the central panel of Fig. 12 we now plot the spectrum
of 24Mg extracted from the triaxial GCM calculations. We
classify the different levels in three bands according to the
corresponding B(E2) values. The ground-state band is formed
by a sequence of even angular momentum states with a
level spacing very similar to that of a rotational band. The
first excited band consists of states with I = 2, 3, 4, 5, . . .
as expected for a γ band. The third band is built of even-I
states on top of the second 0+

2 state. We can also compare
the absolute value of the ground-state energy calculated with
different approaches. The lowest value is obtained with the
triaxial GCM-PNAMP method (−201.36 MeV); −200.74
and −200.67 MeV are the results for RVAMPIR and axial
GCM-PNAMP approximations, respectively. Comparing the
first two values we observe that the energy gained by mixing
different shapes is ≈0.5 MeV, much less than the correlation
provided by PN and/or AM restoration. However, the inclusion
of the triaxial degree of freedom within the GCM framework
gives a similar energy gain (≈0.5 MeV) because the ground
state—as well as the whole band built on top of it—is already
well described by an axial calculation in this particular nucleus.
Major changes, as we will see in the following, are however
found for the excited bands.

Concerning the transition probabilities, we observe strong
electric quadrupole intraband transitions whereas the interband
E2 transitions are much weaker. This fact indicates different
underlying structures of the bands and the absence of mixing
between them. We can study the nature of these bands by

064323-12

Convergence of the GCM states

- Plateau condition as a 
function of natural states.

- Orthogonalization 
requirements.

2. Theoretical framework
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- Axial ground state rotational 
band

- Second band associated to a 
gamma band
-Third band with shape mixing

Configuration mixing within the framework of 
the Generator Coordinate Method (GCM). 
K and deformation mixing
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24Mg is a bad choice to see triaxial effects!!
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• Up to five minima in the potential energy 
surface.
• Absolute minimum corresponds to spherical 
configuration (N=40 spherical gap)
• Other minima related to the filling in and out of 
g9/2, p1/2, f5/2 and d5/2 orbits.
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Configuration (shape) mixing

T. R. R., J. L. Egido, Phys. Lett. B 705, 255 (2011)
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Example: 80Zr

-Several rotational bands and gamma bands partners associated to the different minima of 
the potential energy surfaces.

- Axial ground state rotational band in agreement with the experimental levels 
(relevance of beyond-mean-field effects).

- Two triaxial rotational bands.

- Four excited 0+ minima within a range of  ~2.25 MeV ⇒ MULTISHAPE COEXISTENCE

Configuration (shape) mixing

T. R. R., J. L. Egido, Phys. Lett. B 705, 255 (2011)
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• Nuclear structure applications

• Neutrinoless double beta decay

Applications

✓ Appearance of new shell closures in neutron rich Calcium isotopes: N=32, N=34?

✓ Degradation of N=28 shell closure.

✓ Shell quenching in N=82 for Cadmium isotopes? Key relevance in r-process 

nucleosynthesis (waiting points)

✓ Shape (phase) transitions in Nd/Sm/Gd isotopes.

• Comments on formal aspects

✓ Convergence of the results.

✓ ‘Contaminations’.

3. Applications
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The tendency of the experimental data for the excitation energies E(2+) and 
transition probabilities B(E2,0+    2+) shows the presence of sub-shell closures.

Dinca et al (PR C71,041302(2005)) Bürger et al (PL B662, 29(2005))Schielke et al (PL B571, 29(2003))

 N=32 and/or N=34 in Ca, Ti and Cr isotopes.

Shell closures
3. Applications
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 Systematics of the E(2) and B(E2) in Cadmium isotopes

T.R.R, J.L. Egido, A. Jungclaus, Phys. Lett. B 668, 410 (2008)

48 52 56 60 64 68 72 76 80 84
Neutron number

0
0.5

1
1.5

2
2.5

3
3.5

E(
2+ ) (

M
eV

)

Experiment

g7/2 d5/2,d3/2,s1/2 h11/2

Theory48Cd

0

0.2

0.4

0.6

B(
E2

B
) (
e2 b2 )

✓ Good qualitative agreement for the 
E(2+) excitation energies and B(E2) 
transition probabilities from shell to shell  

✓ Anomalous behavior of E(2+) for 128Cd 
has been is well reproduced

✓ N=50-58 parabolic behavior (filling g7/2 
shell)

✓ N=60-70 flat behavior (filling d5/2, d3/2, 
s1/2 shells)

✓ AXIAL calculations  

Shell closures
3. Applications



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

 Systematics of the E(2) and B(E2) in Cadmium isotopes

T.R.R, J.L. Egido, A. Jungclaus, Phys. Lett. B 668, 410 (2008)

48 52 56 60 64 68 72 76 80 84
Neutron number

0
0.5

1
1.5

2
2.5

3
3.5

E(
2+ ) (

M
eV

)

Experiment

g7/2 d5/2,d3/2,s1/2 h11/2

Theory48Cd

0

0.2

0.4

0.6

B(
E2

B
) (
e2 b2 )

✓ Good qualitative agreement for the 
E(2+) excitation energies and B(E2) 
transition probabilities from shell to shell  

✓ Anomalous behavior of E(2+) for 128Cd 
has been is well reproduced

✓ N=50-58 parabolic behavior (filling g7/2 
shell)

✓ N=60-70 flat behavior (filling d5/2, d3/2, 
s1/2 shells)

✓ AXIAL calculations  

Shell closures
3. Applications



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9

0

10

20

30

40

50

60

a

`
0 0.1 0.2 0.3 0.4 0.5 0.6

 

0

0.1

0.2

0.3

0.4

0.5

0.6

 

2

3

E 4
+ /E

2+

Exp.

Theo.

84 86 88 90 92 94 96
N

0

100

200
B(

E2
,2

+ A
0+ ) (

W
.u

.)

Shape transitions in Nd isotopes

T.R.R. and J.L. Egido Phys.Lett. B 663, 49 (2008)

Vibrational 
Spectrum

E(J) ⇠ J

Rotational 
Spectrum 

E(J) ⇠ J(J + 1)

84 86 88 90 92 94 96

N=82

Nd

3. Applications



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9

0

10

20

30

40

50

60

a

`
0 0.1 0.2 0.3 0.4 0.5 0.6

 

0

0.1

0.2

0.3

0.4

0.5

0.6

 

2

3

E 4
+ /E

2+

Exp.

Theo.

84 86 88 90 92 94 96
N

0

100

200
B(

E2
,2

+ A
0+ ) (

W
.u

.)

Shape transitions in Nd isotopes

T.R.R. and J.L. Egido Phys.Lett. B 663, 49 (2008)

Vibrational 
Spectrum

E(J) ⇠ J

Rotational 
Spectrum 

E(J) ⇠ J(J + 1)

84 86 88 90 92 94 96

N=84

Nd

3. Applications



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9

0

10

20

30

40

50

60

a

`
0 0.1 0.2 0.3 0.4 0.5 0.6

 

0

0.1

0.2

0.3

0.4

0.5

0.6

 

2

3

E 4
+ /E

2+

Exp.

Theo.

84 86 88 90 92 94 96
N

0

100

200
B(

E2
,2

+ A
0+ ) (

W
.u

.)

Shape transitions in Nd isotopes

T.R.R. and J.L. Egido Phys.Lett. B 663, 49 (2008)

Vibrational 
Spectrum

E(J) ⇠ J

Rotational 
Spectrum 

E(J) ⇠ J(J + 1)

84 86 88 90 92 94 96

N=86

Nd

3. Applications



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9

0

10

20

30

40

50

60

a

`
0 0.1 0.2 0.3 0.4 0.5 0.6

 

0

0.1

0.2

0.3

0.4

0.5

0.6

 

2

3

E 4
+ /E

2+

Exp.

Theo.

84 86 88 90 92 94 96
N

0

100

200
B(

E2
,2

+ A
0+ ) (

W
.u

.)

Shape transitions in Nd isotopes

T.R.R. and J.L. Egido Phys.Lett. B 663, 49 (2008)

Vibrational 
Spectrum

E(J) ⇠ J

Rotational 
Spectrum 

E(J) ⇠ J(J + 1)

84 86 88 90 92 94 96

N=88

Nd

3. Applications



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9

0

10

20

30

40

50

60

a

`
0 0.1 0.2 0.3 0.4 0.5 0.6

 

0

0.1

0.2

0.3

0.4

0.5

0.6

 

2

3

E 4
+ /E

2+

Exp.

Theo.

84 86 88 90 92 94 96
N

0

100

200
B(

E2
,2

+ A
0+ ) (

W
.u

.)

Shape transitions in Nd isotopes

T.R.R. and J.L. Egido Phys.Lett. B 663, 49 (2008)

Vibrational 
Spectrum

E(J) ⇠ J

Rotational 
Spectrum 

E(J) ⇠ J(J + 1)

84 86 88 90 92 94 96

N=90

Nd

3. Applications



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9

0

10

20

30

40

50

60

a

`
0 0.1 0.2 0.3 0.4 0.5 0.6

 

0

0.1

0.2

0.3

0.4

0.5

0.6

 

2

3

E 4
+ /E

2+

Exp.

Theo.

84 86 88 90 92 94 96
N

0

100

200
B(

E2
,2

+ A
0+ ) (

W
.u

.)

Shape transitions in Nd isotopes

T.R.R. and J.L. Egido Phys.Lett. B 663, 49 (2008)

Vibrational 
Spectrum

E(J) ⇠ J

Rotational 
Spectrum 

E(J) ⇠ J(J + 1)

84 86 88 90 92 94 96

N=92

Nd

3. Applications



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9

0

10

20

30

40

50

60

a

`
0 0.1 0.2 0.3 0.4 0.5 0.6

 

0

0.1

0.2

0.3

0.4

0.5

0.6

 

2

3

E 4
+ /E

2+

Exp.

Theo.

84 86 88 90 92 94 96
N

0

100

200
B(

E2
,2

+ A
0+ ) (

W
.u

.)

Shape transitions in Nd isotopes

T.R.R. and J.L. Egido Phys.Lett. B 663, 49 (2008)

Vibrational 
Spectrum

E(J) ⇠ J

Rotational 
Spectrum 

E(J) ⇠ J(J + 1)

84 86 88 90 92 94 96

N=94

Nd

3. Applications



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9

0

10

20

30

40

50

60

a

`
0 0.1 0.2 0.3 0.4 0.5 0.6

 

0

0.1

0.2

0.3

0.4

0.5

0.6

 

2

3

E 4
+ /E

2+

Exp.

Theo.

84 86 88 90 92 94 96
N

0

100

200
B(

E2
,2

+ A
0+ ) (

W
.u

.)

Shape transitions in Nd isotopes

T.R.R. and J.L. Egido Phys.Lett. B 663, 49 (2008)

Vibrational 
Spectrum

E(J) ⇠ J

Rotational 
Spectrum 

E(J) ⇠ J(J + 1)

84 86 88 90 92 94 96

N=96

Nd

3. Applications



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

Courtesy J. Menéndez

 Process mediated by the weak interaction which occurs in those even-even nuclei 
where the single beta decay is energetically forbidden.   

Double beta decay
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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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†
k0(~q)} = {↵k(~q),↵k0(~q)} = 0
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1. finite basis!!
convergence?
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�N (~q) ! h�(~q)|N̂ |�(~q)i = N

�~q(~q) ! h�(~q)| ~̂Q|�(~q)i = ~q

Some formal aspects
4. Some formal aspects



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

1. finite basis!!
convergence?

Variational space:                      set of product-type wave functions which fulfill:
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• Most general linear combination of the 

arbitrary single particle basis:

• Fermionic operators:

Product Type

EHFB(⌅q) = ��(⌅q)|Ĥ|�(⌅q)⇥
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symmetries!!
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↵†
k(~q) =

X

l

Ulk(~q)c
†
l + Vlk(~q)clHartree-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.

Some formal aspects
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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.

014308-7

ROBERT ROTH PHYSICAL REVIEW C 79, 064324 (2009)
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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

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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Effects of deformation on the convergence
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Z=45-60 Part 1 of 3
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9.0 s

EC
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EC
*
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EC
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2.0 s
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Pd96
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5.1 s
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23.96 m

EC,β-
*

In106
7+
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(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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects



Tomás R. RodríguezSymmetry restoration and configuration mixing calculations...GSI, March 2013

2. Theoretical framework 3. Applications1. Introduction 5. Summary4. Some formal aspects

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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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

Convergence
4. Some formal aspects
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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
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both of which belong to the first level of spuriosity and contain
no dangerous poles. The expressions (32) and (33) could
also have been obtained directly from Eqs. (79) and (80) of
Article I.

D. Impact of the poles on PNR energies

In the previous section, we demonstrated that the spurious
contribution EN

CG contains poles. Figure 1 illustrates, through
a realistic calculation of the particle-number-restored defor-
mation energy surface of 18O, the impact of such poles for
a functional containing a fractional power of the density
matrix. The SLy4 parametrization of the standard Skyrme
EDF is used in connection with a density-dependent pairing
energy functional, which was used in many MR calculations
before [67–73]. In practice, the integral over the gauge angle
appearing in Eq. (19) is discretized into a sum using the
Fomenko expansion, as will be explained in Sec. VI B below. It
is important to stress that all observables calculated as operator
matrix elements, e.g., particle number, quadrupole moment,
radius, etc., are converged using five integration points. The
particle-number-restored energy functional, however, does not
converge. Instead, one observes the development of several
localized divergences as one increases the precision of the
calculation, which appear exactly where neutron or proton
levels cross the Fermi energy; i.e., where their occupation
probability is v2 = 0.5. In spite of the evidence for their
appearance presented in Refs. [18,23–25], the divergences
remained undetected so far in our PAV calculations, because,
on the one hand, the appearance of the divergence requires a
number of integration points far above the one used in practical
calculations, and beyond what is tractable in connection with
other projections and mixing of different deformations, and
because, on the other hand, the divergences are sufficiently
localized in deformation space that the area obviously affected
by the pathology is smaller than the typical distance of states
commonly used when calculating energy surfaces and when
mixing states with different deformations.

At this point, three questions arise: (i) do the divergences
seen in Fig. 1 constitute the only pathological manifestation
of the poles? (ii) Do divergences manifest for any type of
functional, i.e., irrespective of the fact that it is bilinear or
trilinear or contains noninteger powers of the density matrices?

(iii) Is the spurious contribution isolated in Eq. (29) responsible
for all problems associated with the poles; i.e., would removing
it from PNR energy kernels properly regularize the MR-EDF
calculation? Answering theses questions will be the aim of

FIG. 1. (Color online) Particle-number-restored deformation en-
ergy surface of 18O calculated with SLy4 and a density-dependent
pairing interaction and the corresponding single-particle spectra
of protons and neutrons as a function of the axial quadrupole
deformation for L = 5 and 199 discretization points of the integral
over the gauge angle (lowest panel). There are clear anomalies that
appear when either a proton or neutron single-particle level crosses
the Fermi energy. The dimensionless quadrupole deformation β2 is
defined in Eq. (66).
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is important to stress that all observables calculated as operator
matrix elements, e.g., particle number, quadrupole moment,
radius, etc., are converged using five integration points. The
particle-number-restored energy functional, however, does not
converge. Instead, one observes the development of several
localized divergences as one increases the precision of the
calculation, which appear exactly where neutron or proton
levels cross the Fermi energy; i.e., where their occupation
probability is v2 = 0.5. In spite of the evidence for their
appearance presented in Refs. [18,23–25], the divergences
remained undetected so far in our PAV calculations, because,
on the one hand, the appearance of the divergence requires a
number of integration points far above the one used in practical
calculations, and beyond what is tractable in connection with
other projections and mixing of different deformations, and
because, on the other hand, the divergences are sufficiently
localized in deformation space that the area obviously affected
by the pathology is smaller than the typical distance of states
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the Fermi energy. The dimensionless quadrupole deformation β2 is
defined in Eq. (66).
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In the previous section, we demonstrated that the spurious
contribution EN

CG contains poles. Figure 1 illustrates, through
a realistic calculation of the particle-number-restored defor-
mation energy surface of 18O, the impact of such poles for
a functional containing a fractional power of the density
matrix. The SLy4 parametrization of the standard Skyrme
EDF is used in connection with a density-dependent pairing
energy functional, which was used in many MR calculations
before [67–73]. In practice, the integral over the gauge angle
appearing in Eq. (19) is discretized into a sum using the
Fomenko expansion, as will be explained in Sec. VI B below. It
is important to stress that all observables calculated as operator
matrix elements, e.g., particle number, quadrupole moment,
radius, etc., are converged using five integration points. The
particle-number-restored energy functional, however, does not
converge. Instead, one observes the development of several
localized divergences as one increases the precision of the
calculation, which appear exactly where neutron or proton
levels cross the Fermi energy; i.e., where their occupation
probability is v2 = 0.5. In spite of the evidence for their
appearance presented in Refs. [18,23–25], the divergences
remained undetected so far in our PAV calculations, because,
on the one hand, the appearance of the divergence requires a
number of integration points far above the one used in practical
calculations, and beyond what is tractable in connection with
other projections and mixing of different deformations, and
because, on the other hand, the divergences are sufficiently
localized in deformation space that the area obviously affected
by the pathology is smaller than the typical distance of states
commonly used when calculating energy surfaces and when
mixing states with different deformations.

At this point, three questions arise: (i) do the divergences
seen in Fig. 1 constitute the only pathological manifestation
of the poles? (ii) Do divergences manifest for any type of
functional, i.e., irrespective of the fact that it is bilinear or
trilinear or contains noninteger powers of the density matrices?

(iii) Is the spurious contribution isolated in Eq. (29) responsible
for all problems associated with the poles; i.e., would removing
it from PNR energy kernels properly regularize the MR-EDF
calculation? Answering theses questions will be the aim of

FIG. 1. (Color online) Particle-number-restored deformation en-
ergy surface of 18O calculated with SLy4 and a density-dependent
pairing interaction and the corresponding single-particle spectra
of protons and neutrons as a function of the axial quadrupole
deformation for L = 5 and 199 discretization points of the integral
over the gauge angle (lowest panel). There are clear anomalies that
appear when either a proton or neutron single-particle level crosses
the Fermi energy. The dimensionless quadrupole deformation β2 is
defined in Eq. (66).
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both of which belong to the first level of spuriosity and contain
no dangerous poles. The expressions (32) and (33) could
also have been obtained directly from Eqs. (79) and (80) of
Article I.

D. Impact of the poles on PNR energies

In the previous section, we demonstrated that the spurious
contribution EN

CG contains poles. Figure 1 illustrates, through
a realistic calculation of the particle-number-restored defor-
mation energy surface of 18O, the impact of such poles for
a functional containing a fractional power of the density
matrix. The SLy4 parametrization of the standard Skyrme
EDF is used in connection with a density-dependent pairing
energy functional, which was used in many MR calculations
before [67–73]. In practice, the integral over the gauge angle
appearing in Eq. (19) is discretized into a sum using the
Fomenko expansion, as will be explained in Sec. VI B below. It
is important to stress that all observables calculated as operator
matrix elements, e.g., particle number, quadrupole moment,
radius, etc., are converged using five integration points. The
particle-number-restored energy functional, however, does not
converge. Instead, one observes the development of several
localized divergences as one increases the precision of the
calculation, which appear exactly where neutron or proton
levels cross the Fermi energy; i.e., where their occupation
probability is v2 = 0.5. In spite of the evidence for their
appearance presented in Refs. [18,23–25], the divergences
remained undetected so far in our PAV calculations, because,
on the one hand, the appearance of the divergence requires a
number of integration points far above the one used in practical
calculations, and beyond what is tractable in connection with
other projections and mixing of different deformations, and
because, on the other hand, the divergences are sufficiently
localized in deformation space that the area obviously affected
by the pathology is smaller than the typical distance of states
commonly used when calculating energy surfaces and when
mixing states with different deformations.

At this point, three questions arise: (i) do the divergences
seen in Fig. 1 constitute the only pathological manifestation
of the poles? (ii) Do divergences manifest for any type of
functional, i.e., irrespective of the fact that it is bilinear or
trilinear or contains noninteger powers of the density matrices?

(iii) Is the spurious contribution isolated in Eq. (29) responsible
for all problems associated with the poles; i.e., would removing
it from PNR energy kernels properly regularize the MR-EDF
calculation? Answering theses questions will be the aim of

FIG. 1. (Color online) Particle-number-restored deformation en-
ergy surface of 18O calculated with SLy4 and a density-dependent
pairing interaction and the corresponding single-particle spectra
of protons and neutrons as a function of the axial quadrupole
deformation for L = 5 and 199 discretization points of the integral
over the gauge angle (lowest panel). There are clear anomalies that
appear when either a proton or neutron single-particle level crosses
the Fermi energy. The dimensionless quadrupole deformation β2 is
defined in Eq. (66).
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In the previous section, we demonstrated that the spurious
contribution EN

CG contains poles. Figure 1 illustrates, through
a realistic calculation of the particle-number-restored defor-
mation energy surface of 18O, the impact of such poles for
a functional containing a fractional power of the density
matrix. The SLy4 parametrization of the standard Skyrme
EDF is used in connection with a density-dependent pairing
energy functional, which was used in many MR calculations
before [67–73]. In practice, the integral over the gauge angle
appearing in Eq. (19) is discretized into a sum using the
Fomenko expansion, as will be explained in Sec. VI B below. It
is important to stress that all observables calculated as operator
matrix elements, e.g., particle number, quadrupole moment,
radius, etc., are converged using five integration points. The
particle-number-restored energy functional, however, does not
converge. Instead, one observes the development of several
localized divergences as one increases the precision of the
calculation, which appear exactly where neutron or proton
levels cross the Fermi energy; i.e., where their occupation
probability is v2 = 0.5. In spite of the evidence for their
appearance presented in Refs. [18,23–25], the divergences
remained undetected so far in our PAV calculations, because,
on the one hand, the appearance of the divergence requires a
number of integration points far above the one used in practical
calculations, and beyond what is tractable in connection with
other projections and mixing of different deformations, and
because, on the other hand, the divergences are sufficiently
localized in deformation space that the area obviously affected
by the pathology is smaller than the typical distance of states
commonly used when calculating energy surfaces and when
mixing states with different deformations.

At this point, three questions arise: (i) do the divergences
seen in Fig. 1 constitute the only pathological manifestation
of the poles? (ii) Do divergences manifest for any type of
functional, i.e., irrespective of the fact that it is bilinear or
trilinear or contains noninteger powers of the density matrices?

(iii) Is the spurious contribution isolated in Eq. (29) responsible
for all problems associated with the poles; i.e., would removing
it from PNR energy kernels properly regularize the MR-EDF
calculation? Answering theses questions will be the aim of

FIG. 1. (Color online) Particle-number-restored deformation en-
ergy surface of 18O calculated with SLy4 and a density-dependent
pairing interaction and the corresponding single-particle spectra
of protons and neutrons as a function of the axial quadrupole
deformation for L = 5 and 199 discretization points of the integral
over the gauge angle (lowest panel). There are clear anomalies that
appear when either a proton or neutron single-particle level crosses
the Fermi energy. The dimensionless quadrupole deformation β2 is
defined in Eq. (66).

044319-9

PARTICLE-NUMBER RESTORATION WITHIN THE ENERGY . . . PHYSICAL REVIEW C 79, 044319 (2009)

and the “true” self-pairing contribution

EN
SP ≡

∫ 2π

0

dϕ
e−iϕN

2π c2
N

Eκκ
SP [ϕ] 〈$0|$ϕ〉

=
∑

µ>0

[

v̄κκ
µµ̄µµ̄ −

1

2

(

v̄
ρρ
µµ̄µµ̄ + v̄

ρρ
µ̄µµ̄µ

)

]
∫ 2π

0

dϕ
e−iϕN

2π c2
N

[

u2
µ v2

µ

(

uµ
2 + vµ

2e2iϕ
)

+
(

u4
µv2

µ − u2
µv4

µ

)

(e2iϕ − 1)
]

∏

ν>0
ν %=µ

(

u2
ν + v2

ν e2iϕ
)

.

(33)

both of which belong to the first level of spuriosity and contain
no dangerous poles. The expressions (32) and (33) could
also have been obtained directly from Eqs. (79) and (80) of
Article I.

D. Impact of the poles on PNR energies

In the previous section, we demonstrated that the spurious
contribution EN

CG contains poles. Figure 1 illustrates, through
a realistic calculation of the particle-number-restored defor-
mation energy surface of 18O, the impact of such poles for
a functional containing a fractional power of the density
matrix. The SLy4 parametrization of the standard Skyrme
EDF is used in connection with a density-dependent pairing
energy functional, which was used in many MR calculations
before [67–73]. In practice, the integral over the gauge angle
appearing in Eq. (19) is discretized into a sum using the
Fomenko expansion, as will be explained in Sec. VI B below. It
is important to stress that all observables calculated as operator
matrix elements, e.g., particle number, quadrupole moment,
radius, etc., are converged using five integration points. The
particle-number-restored energy functional, however, does not
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levels cross the Fermi energy; i.e., where their occupation
probability is v2 = 0.5. In spite of the evidence for their
appearance presented in Refs. [18,23–25], the divergences
remained undetected so far in our PAV calculations, because,
on the one hand, the appearance of the divergence requires a
number of integration points far above the one used in practical
calculations, and beyond what is tractable in connection with
other projections and mixing of different deformations, and
because, on the other hand, the divergences are sufficiently
localized in deformation space that the area obviously affected
by the pathology is smaller than the typical distance of states
commonly used when calculating energy surfaces and when
mixing states with different deformations.

At this point, three questions arise: (i) do the divergences
seen in Fig. 1 constitute the only pathological manifestation
of the poles? (ii) Do divergences manifest for any type of
functional, i.e., irrespective of the fact that it is bilinear or
trilinear or contains noninteger powers of the density matrices?

(iii) Is the spurious contribution isolated in Eq. (29) responsible
for all problems associated with the poles; i.e., would removing
it from PNR energy kernels properly regularize the MR-EDF
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ergy surface of 18O calculated with SLy4 and a density-dependent
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defined in Eq. (66).
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both of which belong to the first level of spuriosity and contain
no dangerous poles. The expressions (32) and (33) could
also have been obtained directly from Eqs. (79) and (80) of
Article I.

D. Impact of the poles on PNR energies

In the previous section, we demonstrated that the spurious
contribution EN

CG contains poles. Figure 1 illustrates, through
a realistic calculation of the particle-number-restored defor-
mation energy surface of 18O, the impact of such poles for
a functional containing a fractional power of the density
matrix. The SLy4 parametrization of the standard Skyrme
EDF is used in connection with a density-dependent pairing
energy functional, which was used in many MR calculations
before [67–73]. In practice, the integral over the gauge angle
appearing in Eq. (19) is discretized into a sum using the
Fomenko expansion, as will be explained in Sec. VI B below. It
is important to stress that all observables calculated as operator
matrix elements, e.g., particle number, quadrupole moment,
radius, etc., are converged using five integration points. The
particle-number-restored energy functional, however, does not
converge. Instead, one observes the development of several
localized divergences as one increases the precision of the
calculation, which appear exactly where neutron or proton
levels cross the Fermi energy; i.e., where their occupation
probability is v2 = 0.5. In spite of the evidence for their
appearance presented in Refs. [18,23–25], the divergences
remained undetected so far in our PAV calculations, because,
on the one hand, the appearance of the divergence requires a
number of integration points far above the one used in practical
calculations, and beyond what is tractable in connection with
other projections and mixing of different deformations, and
because, on the other hand, the divergences are sufficiently
localized in deformation space that the area obviously affected
by the pathology is smaller than the typical distance of states
commonly used when calculating energy surfaces and when
mixing states with different deformations.

At this point, three questions arise: (i) do the divergences
seen in Fig. 1 constitute the only pathological manifestation
of the poles? (ii) Do divergences manifest for any type of
functional, i.e., irrespective of the fact that it is bilinear or
trilinear or contains noninteger powers of the density matrices?

(iii) Is the spurious contribution isolated in Eq. (29) responsible
for all problems associated with the poles; i.e., would removing
it from PNR energy kernels properly regularize the MR-EDF
calculation? Answering theses questions will be the aim of

FIG. 1. (Color online) Particle-number-restored deformation en-
ergy surface of 18O calculated with SLy4 and a density-dependent
pairing interaction and the corresponding single-particle spectra
of protons and neutrons as a function of the axial quadrupole
deformation for L = 5 and 199 discretization points of the integral
over the gauge angle (lowest panel). There are clear anomalies that
appear when either a proton or neutron single-particle level crosses
the Fermi energy. The dimensionless quadrupole deformation β2 is
defined in Eq. (66).
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both of which belong to the first level of spuriosity and contain
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before [67–73]. In practice, the integral over the gauge angle
appearing in Eq. (19) is discretized into a sum using the
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is important to stress that all observables calculated as operator
matrix elements, e.g., particle number, quadrupole moment,
radius, etc., are converged using five integration points. The
particle-number-restored energy functional, however, does not
converge. Instead, one observes the development of several
localized divergences as one increases the precision of the
calculation, which appear exactly where neutron or proton
levels cross the Fermi energy; i.e., where their occupation
probability is v2 = 0.5. In spite of the evidence for their
appearance presented in Refs. [18,23–25], the divergences
remained undetected so far in our PAV calculations, because,
on the one hand, the appearance of the divergence requires a
number of integration points far above the one used in practical
calculations, and beyond what is tractable in connection with
other projections and mixing of different deformations, and
because, on the other hand, the divergences are sufficiently
localized in deformation space that the area obviously affected
by the pathology is smaller than the typical distance of states
commonly used when calculating energy surfaces and when
mixing states with different deformations.

At this point, three questions arise: (i) do the divergences
seen in Fig. 1 constitute the only pathological manifestation
of the poles? (ii) Do divergences manifest for any type of
functional, i.e., irrespective of the fact that it is bilinear or
trilinear or contains noninteger powers of the density matrices?

(iii) Is the spurious contribution isolated in Eq. (29) responsible
for all problems associated with the poles; i.e., would removing
it from PNR energy kernels properly regularize the MR-EDF
calculation? Answering theses questions will be the aim of

FIG. 1. (Color online) Particle-number-restored deformation en-
ergy surface of 18O calculated with SLy4 and a density-dependent
pairing interaction and the corresponding single-particle spectra
of protons and neutrons as a function of the axial quadrupole
deformation for L = 5 and 199 discretization points of the integral
over the gauge angle (lowest panel). There are clear anomalies that
appear when either a proton or neutron single-particle level crosses
the Fermi energy. The dimensionless quadrupole deformation β2 is
defined in Eq. (66).
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localized divergences as one increases the precision of the
calculation, which appear exactly where neutron or proton
levels cross the Fermi energy; i.e., where their occupation
probability is v2 = 0.5. In spite of the evidence for their
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remained undetected so far in our PAV calculations, because,
on the one hand, the appearance of the divergence requires a
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because, on the other hand, the divergences are sufficiently
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of the poles? (ii) Do divergences manifest for any type of
functional, i.e., irrespective of the fact that it is bilinear or
trilinear or contains noninteger powers of the density matrices?

(iii) Is the spurious contribution isolated in Eq. (29) responsible
for all problems associated with the poles; i.e., would removing
it from PNR energy kernels properly regularize the MR-EDF
calculation? Answering theses questions will be the aim of
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• Energy density functional methods provide a reliable 
description of nuclear structure observables, nuclear 
astrophysics input for nucleosynthesis simulations and 
NMEs in lepton number violating processes. 

• Close connections with other models (Shell Model, IBM, ...)

• Other degrees of freedom will be also explored.

• Need of energy density functionals adjusted to beyond 
mean field results.

• Description of odd nuclei at the same level. Beta decays!!

Summary and outlook
5. Summary
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• Energy Density 
Functional 

M0⇥�� = �
�

gV (0)
gA(0)

⇥2

M0⇥��
F + M0⇥��

GT �M0⇥��
T

• Each term can be written as the expectation value of a transition operator 
acting on the initial al final states:

M0⇥��
⇤ = �0+

f |Ô0⇥��
⇤ |0+

i ⇥

• Nuclear structure methods for calculating these NME:

• Quasiparticle Random Phase Approximation in different versions: QRPA, 
RQRPA, SRQRPA. (Tübingen group, Jyüvaskylä group)

• Interacting Shell Model -ISM- (Strasbourg-Madrid collaboration, Michigan)

• Interacting Boson Model -IBM- (Yale group)

• Projected Hartree-Fock-Bogoliubov -PHFB- (Lucknow-UNAM group)

Nuclear Matrix Elements
2. Nuclear structure 3. 0νββ decay1. Introduction 4. Summary and outlook
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• Energy Density 
Functional 

M0⇥�� = �
�

gV (0)
gA(0)

⇥2

M0⇥��
F + M0⇥��

GT �M0⇥��
T

• Each term can be written as the expectation value of a transition operator 
acting on the initial al final states:

M0⇥��
⇤ = �0+

f |Ô0⇥��
⇤ |0+

i ⇥

• Nuclear structure methods for calculating these NME:

• Quasiparticle Random Phase Approximation in different versions: QRPA, 
RQRPA, SRQRPA. (Tübingen group, Jyüvaskylä group)

• Interacting Shell Model -ISM- (Strasbourg-Madrid collaboration, Michigan)

• Interacting Boson Model -IBM- (Yale group)

• Projected Hartree-Fock-Bogoliubov -PHFB- (Lucknow-UNAM group)

Different ways to deal with:
 - Finding the best initial and final ground states.
 - Handling the transition operator (inclusion of most relevant terms, corrections, 
approximations, etc.).

Some remarks about these methods:
 - Calculations with limited single particle bases.
 - Interactions fitted to the specific region (ISM) or to each nucleus individually (rest).
 - Difficulties to include collective degrees of freedom.
 - Problems with particle number conservation.

Nuclear Matrix Elements
2. Nuclear structure 3. 0νββ decay1. Introduction 4. Summary and outlook
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Neutrino potentials

Starting from the weak lagrangian that describes the process some approximations 
are made:    

1. Non-relativistic approach in the hadronic part.

2. Closure approximation in the virtual intermediate state

3. Nucleon form factors taken in the dipolar approximation.

4. Tensor contribution is neglected.

5. High order currents are included (HOC).

6. Short range correlations are included with an UCOM correlator.

- Find the initial and final 0+ states within the GCM+PNAMP method (axial calculations)
- Evaluate the transition operators between these states

Nuclear Matrix Elements
2. Method: GCM+PNAMP 3. Results: GCM+PNAMP 1. Introduction 4. Summary and Conclusions
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gV (0)
gA(0)
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M0⇥��
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GT �M0⇥��
T

- Neglect the tensor term.
- Closure approximation (10% error at most)
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Nuclear Matrix Elements
2. Method: GCM+PNAMP 3. Results: GCM+PNAMP 1. Introduction 4. Summary and Conclusions
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1.  Axial states 
2.  Angular momentum
3. Quadrupole deformations 
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Transitions
2. Method: GCM+PNAMP 3. Results: GCM+PNAMP 1. Introduction 4. Summary and Conclusions
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A 48 76 82 96 100 116 124 128 130 136 150 152 164 180
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NME: Summary of the results

double electron 
capture

double beta decay

Gogny D1S parametrization

Gogny D1M parametrization

2. Nuclear structure 3. 0νββ decay1. Introduction 4. Summary and outlook
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Noticeable difference in the NME if only intrinsic spherical configurations are 
considered without configuration mixing.

T.R. Rodríguez, G. Martinez-Pinedo / Progress in Particle and Nuclear Physics 66 (2011) 436–440 439

Fig. 1. (a)–(c) Collectivewave functions, GT intensity with, (d)–(f) full and, (g)–(i) constant spatial dependence and (j)–(l) pairing energies for (left) A = 48,
(middle) A = 76 and (right) A = 150 decays. Shaded areas correspond to regions explored by the collective wave functions.

Fig. 2. 0⇥�� matrix elements evaluated with full configuration mixing (circles) and assuming spherical symmetry (squares).

NME: deformation and mixing
2. Nuclear structure 3. 0νββ decay1. Introduction 4. Summary and outlook

T.R.R., Martínez-Pinedo, PPNP 66, 436 (2011)
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MeV

✓ Shape evolves from 
N=50 to N=82 magic 
number through 
prolate axially 
symmetric structures

✓Highest deformation 
is found in mid-shell 
nuclei (β~0.2)

✓ Rest of calculations 
will assume axial 
symmetry

 Shape evolution in the Cadmium isotopic chain

Shape evolution
2. Nuclear structure 3. 0νββ decay1. Introduction 4. Summary and outlook

T.R.R, J.L. Egido, A. Jungclaus, Phys. Lett. B 668, 410 (2008)
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• Energy density functional methods provide a reliable 
description of nuclear structure observables, nuclear 
astrophysics input for nucleosynthesis simulations and 
NMEs in lepton number violating processes. 

• Close connections with other models (Shell Model, IBM, ...)

• Other degrees of freedom will be also explored.

• Need of energy density functionals adjusted to beyond 
mean field results.

• Description of odd nuclei at the same level. Beta decays!!

Summary and outlook
2. Nuclear structure 3. 0νββ decay1. Introduction 4. Summary and outlook
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In order to give a proper description of the nuclear system we need:

➡ A good interaction or energy density functional (EDF) that describes 
the dynamics of the constituent nucleons.

➡ A good method -adapted to the corresponding interaction/EDF- for 
solving the quantum many body problem.

Theoretical framework
2. Theoretical framework
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In order to give a proper description of the nuclear system we need:

➡ A good interaction or energy density functional (EDF) that describes 
the dynamics of the constituent nucleons.

➡ A good method -adapted to the corresponding interaction/EDF- for 
solving the quantum many body problem.

Some considerations:

• Both mean field (SR-EDF) and beyond mean field (MR-EDF) methods 
use intrinsic many-body auxiliary wave functions.

• Density matrices (normal and abnormal) and spatial densities are 
written in terms of these auxiliary wave functions.

• All the observables and variational procedures in EDF methods are 
expressed in terms of density matrices and spatial densities. 

Theoretical framework

• The usual EDF methods consist in determining the “best” auxiliary many body 
wave functions

see also Duguet, Papenbrock, Lesinski talks

2. Theoretical framework
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Introduction. The oscillator basis is widely used in nuclear
structure computations because it allows the practitioner to
exploit and implement all symmetries of the nuclear many-
body problem, and because its localized nature corresponds
well to the structure of the self-bound atomic nucleus. After
all, the nuclear shell model is based on the harmonic oscillator
with a strong spin-orbit splitting [1]. Several computational
implementations of ab initio methods [2,3] and nuclear density
functional theory [4] essentially start from the oscillator basis.
Basic observables sought in such computations include the
binding energies and radii. Ideally, the computed observables
should be independent of the parameters of the employed
oscillator space, i.e., the maximum number of oscillator quanta
N and the frequency ! of the oscillator wave functions. This
ideal is often difficult to reach in practice, so various empirical
extrapolation schemes [5–9] have been applied, but all lack a
firm theoretical foundation.

The proper accounting for corrections to nuclear energies
and radii that arise in finite oscillator spaces is an important
problem for several reasons. First, a theoretical foundation of
such corrections would enable the practitioner to extrapolate
reliably from smaller model spaces and thus extend the reach
of some computational methods. This is particularly important
for weakly bound nuclei where the Gaussian falloff of the
oscillator basis can capture a halo state often only in unachiev-
able large model spaces [6]. Second, uncertainty quantification
of results—standard in experimental research—is increasingly
taking place in nuclear structure theory [10]. Here, the quantifi-
cation of theoretical uncertainties due to the nuclear interaction
is possible for interactions from effective field theory (EFT),
but the robust quantification of errors due to finite oscillator
spaces is lacking. Finally, important steps toward an harmonic-
oscillator-based EFT for the nuclear shell model have been
made recently [11–13]. Such a theory should also control and
exploit the limitations of the finite model space.

In this Rapid Communication, we derive corrections of
nuclear energies and radii that are due to finite oscillator
spaces. We build on the insights of Coon et al. [11], who focus
on the infrared and ultraviolet cutoffs induced by a truncated
basis. Our derivations are based on simple arguments and
verified in a one-dimensional model. We apply the results to
16O and demonstrate that the theoretical corrections agree well
with the numerical data. Calculations for the 6He ground-state
energy and neutron radius show that predictions are feasible
even for halo nuclei.

Theoretical derivation. For a particle in a box with periodic
boundary conditions, Lüscher derived the corrections to bound
states due to the finite size of the box [14]. Our derivation is
analogous, except that the size of the box is now given in
terms of the spatial extension of the oscillator basis and we
deal essentially with Dirichlet boundary conditions [15]. Let
us consider a model space of oscillator wave functions with
maximum oscillator energy E = h̄!(N + 3/2). In practice,
one has to choose h̄! and N such that the momentum cutoff
λ of the employed interaction is smaller than the ultraviolet
(UV) momentum,

#UV ≡
√

2(N + 3/2)h̄/b, (1)

and that the radius r of the nucleus is smaller than the radial
extent,

L0 ≡
√

2(N + 3/2)b, (2)

of the employed oscillator space. Here, b ≡
√

h̄/(m!) is the
oscillator length of our basis, and m denotes the nucleon mass.
Equations (1) and (2) are indeed the maximum momentum
and displacement, respectively, of a particle in a harmonic
oscillator at energy E = h̄!(N + 3/2). They differ from
previous scaling relations [16,17] by factors of

√
2.

In practice, satisfying the UV condition λ < #UV and the
infrared (IR) condition r < L0 does not guarantee converged
nuclear structure results in the oscillator basis because the
momentum cutoff λ is usually not sharp, and the nuclear
wave function extends beyond the nuclear radius r . However,
nuclear interactions from chiral EFT and from renormalization
group transformations exhibit a super-Gaussian falloff in
momentum space, whereas the nuclear wave function only falls
off exponentially in coordinate space. Thus, once λ < #UV
holds, the UV convergence in momentum space will be
rapid, and one is dominated by corrections from the slower
falloff in coordinate space. Practitioners of nuclear structure
computations know this very well (see, e.g., Fig. 6 below):
When energies are plotted as a function of h̄!, the minimum
initially shifts toward larger values of h̄! as N is increased.
However, once UV convergence has been reached, further
increasing N shifts the minimum back to lower values of h̄!
to capture the coordinate-space tail of the wave function. In
what follows, we will assume UV convergence and compute
the correction from incomplete IR convergence.

The finite extent of the oscillator basis up to a radius L
in coordinate space essentially requires the wave function to
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FIG. 1. (Color online) Finite-basis-size correction of the squared
radius (crosses) compared to Eq. (15) (dashed line) for a toy model.
The squared radius is r2

∞/b2 ≈ 1.736, and k∞b ≈ 0.595. Inset: Finite-
basis-size correction of the energy (data points) compared to Eq. (10)
(dashed line).

when the corresponding separation energy or breakup energy
is known.

Applications. As a first check, we consider a toy
model in one dimension with the Hamiltonian H = p2/2 −
v0 exp (−x2). Here, x is given in units of the oscillator length
b. In one dimension, the constant 3/2 in Eqs. (1) and (2) has
to be replaced by 1/2. We compute the ground-state energy
and the squared radius for v0 = 0.5 in large oscillator spaces
to obtain fully converged results for the ground-state energy
and the radius. In this simple case, the ground-state energy is
given in terms of the separation energy Eq. (8) as E∞ = −S.
Figure 1 shows the correction !〈r2〉 as a function of L. The
dashed line results from a leading-order fit to Eq. (15), and
the agreement between numerical data and the theoretical
prediction extends over ten orders of magnitude. The inset
shows that the L-dependent energy correction also agrees with
the prediction Eq. (11).

Let us turn to the nuclear many-body problem. We employ
the nucleon-nucleon interaction from chiral EFT by Entem
and Machleidt [20] and compute the ground-state energy and
radius of the nucleus 16O with the coupled-cluster method in
its singles and doubles approximation with triples corrections
[16,21]. In our computation of energies and radii we used the
intrinsic Hamiltonian and intrinsic radius squared operator in
model spaces with frequencies 42 ! h̄"/MeV ! 76 and with
N = 12, 14. To ensure that the computed results are practically
UV converged, we only use those oscillator spaces for which
#UV is sufficiently large. Figure 2 shows the results for the
ground-state energy as a function of L. The circles, up trian-
gles, and down triangles denote points with #UV > 1100 MeV,
#UV > 1200 MeV, and #UV > 1300 MeV, respectively. The
points all fall on a line because UV convergence has practically
been achieved. Thus, we can apply our theory. The lines show
fits to Eq. (11) with fit parameters E∞, a0, and k∞. Note that
the result E∞ ≈ −122.6 MeV of the fit depends very weakly
on #UV, the difference being about 0.2 MeV. In the fits, we
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FIG. 2. (Color online) Open symbols: Ground-state energy of 16O
as a function of L. Lines: Fits to Eq. (11) yield E∞ ≈ −122.6 MeV
and k∞ ≈ 0.95 fm−1. #UV from Eq. (1).

obtain k∞ ≈ 0.95 fm−1, and this agrees well with the decay of
the p1/2 orbital that contributes to the density [22].

Next we consider the radius. We use Eq. (15), including the
next-to-leading order correction, and fit the parameters 〈r2〉∞,
c0, and c1 to data, with k∞ taken from the fit of the ground-state
energy. The result is shown in Fig. 3. The circles, up triangles,
and down triangles denote points with #UV > 1100 MeV,
#UV > 1200 MeV, and #UV > 1300 MeV, respectively. The
lines show the corresponding fits and asymptotes, and the
extrapolated radius is r ≈ 2.34 fm. It is particularly satisfying
that the extrapolation also works well for the few data points
with #UV > 1300 MeV.

We also consider the challenging case of a halo nucleus. The
isotope 6He is only bound by about 0.97 MeV with respect to
4He and thus exhibits a two-neutron halo. Note that 5He is
not a bound nucleus and that the neutron separation energy
of 6He is about 1.86 MeV. As a consequence of the weak
binding, the matter radius of 6He is unusually large (about
2.4 fm compared to 1.5 fm for 4He) [23–25]. We address this
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FIG. 3. (Color online) Open symbols: Squared radius as a
function of L for 16O. Lines: Fits of Eq. (15) with k∞ fixed from
the energy fit. #UV from Eq. (1).
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L2 =
p
2(N + 3/2 + 2)b


