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NOUVEAU LOGO

Le nouveau logo représente bien l‘institution qu’est l’IPN, 
son histoire, mais aussi son dynamisme actuel et son avenir. 
L’impact graphique fort permettra une identification immédiate, 
quel que soit le format, notamment grâce à des formes et 
des codes universels consensuels, mais aussi à une identité 
visuelle très marquée. Dimension historique, valeurs humaines, 
rayonnement, modernité sont les notions que transmet le logo 
de l’IPN Orsay.

Attention - ce logo ne peut être modifié, ni dans sa forme, ni 
dans ses proportions, ni dans ses couleurs. Il est impératif d’utiliser 
les fichiers vectoriels fournis par le service communication de l’IPN 
Orsay. Les seules déclinaisons possibles sont celles mentionnées 
dans cette charte.

NB - Certains éléments composant le logo peuvent être 
reproduits en animation graphique, comme le noyau. Il convient 
toutefois de ne pas en abuser dans un même document.

POLICE UTILISÉE

COULEURS UTILISÉES

Les couleurs ont été choisies en fonction de la constance du 
rendu, quel que soit le mode d’impression ou de visualisation 
(quadrichromie, ton direct, RVB).

UTILISATION EN FONCTION  
DE LA TAILLE

Trois tailles de logo sont proposées

  À utiliser quand la largeur du logo est supérieure ou égale 
à 40 mm

  À utiliser quand la largeur du logo est comprise entre  
20 et 40 mm

  À utiliser quand la largeur du logo est inférieure à 20 mm
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RVB : R = 195 – B = 74
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RVB : R = 80 – V = 31 – B = 116
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Shell evolution toward to 78Ni
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• 78Ni is doubly-magic nucleus?
S2n, E(2+), B(E2), E(4+)/E(2+) etc.. → maybe yes

• What is the nature of valence space which opens up just above?
single particle sequence, shell-evolution 
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Shell evolution for proton in Z=29 isotope
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Shell evolution for neutron in N=51 isotone
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FIG. 3. Proton angular distributions
as functions of c.m. angle for 83Ge.
(a) Ground-state fit by ! = 2; (b) Ex =
280 keV fit by ! = 0.

presented in Fig. 4; the uncertainties are purely statistical.
Distorted waves calculations, shown as solid lines in Fig. 4,
were made with the TWOFNR code by using the globally
parameterized potentials, summarized in Table I, adjusted for
the 2H(84Se, p)85Se reaction at Ebeam = 4.5 MeV/nucleon.
Neutron configurations of 1d5/2 (ground state) and 2s1/2 (first
excited state) were assumed for the calculations. Based on
the same arguments as for the transfer to 83Ge, the level
assignments of J π = 5/2+ for the ground state of 85Se and
J π = 1/2+ for the first-excited state at Ex = 462 keV have
been adopted, supporting the assignments in Ref. [12].

The data for the higher lying excitations of 85Se have also
been analyzed. Information from the CD detector was not
included because the proton energies associated with these
excitations are lower than the energy threshold of the detector.

The previous work of Omtvedt et al. suggested the tentative
assignment of J π = (3/2+, 7/2+) for the state at Ex =
1.115 MeV [12]. The tentative assignment could indicate the
population of either the neutron 1d3/2(! = 2) or 0g7/2(! = 4)
configuration in 85Se. The empirical proton angular distribu-
tion and DWBA calculations for ! = 2 and ! = 4 transfers
are presented in Fig. 5. The low cross section populating
the Ex = 1.115 MeV state (Q ≈ 1.21 MeV in Fig. 2) either
suggests very weak 2d3/2, ! = 2 strength for a 3/2+ state or is
a consequence of the poor angular momentum matching that
inhibits ! = 4 transfers (to the 0g7/2 configuration) in (d, p)
reactions [19]. There appears to be a slight preference for the

fit with the ! = 4 calculation; however, the uncertainty of each
fit is nearly 20%, precluding either assignment.

For completeness, the proton distribution from transfer
to a doublet of states centered at Ex = 1.441 MeV (Ex =
1.444 MeV and Ex = 1.438 MeV) is shown in Fig. 5. The
DWBA calculations in Fig. 5 are not fits to the data; rather, they
are representative of ! = 2, d3/2 and d5/2 transfer, showing the
insensitivity to total angular momentum transfer. No simple,
single-! transfer can explain the shape of this distribution.
The shape of an ! = 0 transfer would peak at θc.m. = 0◦ and
again at θc.m. = 35◦; an ! = 1 transfer would peak before the
! = 2 transfers shown in Fig. 5, but that would imply the
population of a negative-parity state in the neutron sdg shell;
and any transfer greater than ! = 2 would not peak forward of
θc.m. = 35◦.

B. Spectroscopic factors and ANCs

The normal prescription to extract a spectroscopic factor
from transfer data is to normalize a DWBA calculation to
the measured differential cross section. This has been done
for the populated states in 85Se and 83Ge. The spectroscopic
information derived from the two measurements of this
study is summarized in Table II and includes the previously
reported results for 83Ge [8]. The 30% uncertainties on each
spectroscopic factor are the combination in quadrature of a

TABLE II. Summary of spectroscopic quantities determined from the measurements of the
82Ge,84Se(d, p) reactions in the present work. The ! are the transferred orbital angular momenta, J π

are the assigned (tentative) spins and parities, S!j are the extracted spectroscopic factors, C2 are the
squared ANCs, and Sscaled

!j are the rescaled spectroscopic factors used in the direct capture calculation
(see text). Spectroscopic factors and ANCs for both ! transfers are given for the 1.115-MeV excitation in
85Se. The excitation energies of the states of 85Se are taken from Ref. [12].

AX Ex (MeV) ! J π S!j C2
!j (fm−1) Sscaled

!j

83Ge 0.0 2 5/2+ 0.48 ± 0.14 3.99 ± 0.94 0.53
0.28 ± 0.02 0 1/2+ 0.50 ± 0.15 25.2 ± 5.9 0.52

85Se 0.0 2 5/2+ 0.33 ± 0.10 6.11 ± 1.43 0.38
0.462 2 1/2+ 0.30 ± 0.09 25.3 ± 5.9 0.32
1.115 (2) (3/2+) (0.06 ± 0.02) (0.42 ± 0.11) –

(4) (7/2+) (0.77 ± 0.27) (0.049 ± 0.012) –
1.438 + 1.444 – – – –
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FIG. 4. Proton angular distributions
as functions of c.m. angle for 85Se. (a)
Ground state fit by ! = 2; (b) Ex =
462 keV fit by ! = 0.

6% statistical best-fit uncertainty in the fitting to the measured
differential cross section, an estimated 15% uncertainty in the
determination of the target thickness (affecting the absolute
normalization), an estimated 17% uncertainty from the choice
of optical model parameters, and an estimated 19% systematic
uncertainty from the ambiguity of the geometrical parameters
in the bound-state potential of the DWBA calculation.

It is this last uncertainty that, in general, leads to the
largest overall uncertainties associated with an extracted
spectroscopic factor, typically 20%–30%. The calculated
distribution for the reaction A(d, p)B depends on an overlap
function, I (r) = 〈A + n|B〉, a many-body quantity that is
usually approximated by a single-particle bound-state wave
function [19]. The bound-state geometrical parameters de-
termining the single-particle wave function for the DWBA
calculation are essentially arbitrary; the parameters used reflect
a choice in the model of the wave function and should be
quoted along with the extracted spectroscopic factor [19]. The
uncertainties associated with this ambiguity for the data in
Table II were estimated by varying the bound-state potential
radius parameter, r , in the DWBA calculation between 1.2 to
1.3 fm and examining the effect on the extracted spectroscopic
factors. All of the values in the table assume a central value
r = 1.25 fm.

Several authors [19–23] have noted that the angular distri-
butions calculated within the DWBA framework, and used to
extract spectroscopic factors, can be rather insensitive to the
parts of the overlap functions in the nuclear interior, r < RN ,
particularly for reactions at or below the Coulomb barrier.
It has also been shown that this insensitivity to the nuclear
interior can be extended to reactions above the Coulomb

barrier, provided the reaction is still peripheral or occurs at, or
outside, the nuclear surface [24].

Figure 6 shows DWBA calculations for (d, p) transfer
to the ground and first excited states of 83Ge at a beam
energy of Ebeam = 4 MeV/nucleon. The calculations differ
in the lower cutoff radius applied to all radial integrals. For
a cutoff radius out to ∼8 fm, the magnitude and shape of
the most forward, prominent peak changes by less than 10%.
The relative insensitivity to the nuclear interior parts of the
integrals suggests that it is the tail of the overlap function that
determines the magnitude of the DWBA calculation and that
a differential cross section from a peripheral transfer reaction
is a better measure of the asymptotic normalization coefficient
(ANC) of the overlap function, rather than the spectroscopic
factor [24].

The overlap function in the nuclear exterior must decay
exponentially if it is to describe properly the condition of a
bound state. In the case of an uncharged bound particle (e.g.,
a neutron), the exponential decay is governed by the tail of
a spherical Hankel function with the magnitude (the ANC)
determined by measurement [19,24]. The single-particle wave
functions that are traditionally used to approximate the overlap
functions must also behave in the same exponentially decaying
manner. Each single-particle wave function must also be
normalized. Together, these two conditions fix a single-particle
ANC for each assumed bound-state potential geometry. The
ANC (C!j ), single-particle ANC (b!j ), and spectroscopic factor
(S!j ) are related by the equation [24]

C2
!j = S!j b

2
!j . (2)
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FIG. 5. Proton angular distributions
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and fit with ! = 2 and ! = 4 DWBA cal-
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Shell evolution for neutron in N=51 isotone
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83-85Ga β-decay:  J.A. Winger et al, PRC 81, 044303 (2010)
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J. A. WINGER et al. PHYSICAL REVIEW C 81, 044303 (2010)

same transition with the β branch of 83Ga decay [14]. We
found no evidence in our data, of much better statistics and
studied sample purity, for an 867-keV γ ray. Recently, Lebois
et al. published an article on the β decay of 84Ga decay [22],
assigning γ rays at 248, 624, and 1046 keV to this decay,
as we had reported previously [23,24]. They assigned the
248- and 624-keV γ rays as deexciting the first excited states
in 83Ge and 84Ge, respectively, and the 1046-keV γ ray as
the 4+ to 2+ transition in 84Ge. Based on ion-correlated β-γ
and γ -γ coincidence information (see Fig. 2), we were able
to clearly assign two γ rays to depopulate excited states in
84Ge and three γ rays, including the 1046-keV transition, to
depopulate excited states in 83Ge as shown in Fig. 1. The state
at 1389 keV in 84Ge is firmly established by the observed
coincidence between the 624- and 765-keV γ rays in the 84Ga
ion-correlated γ γ coincidence spectra shown in Figs. 2(d) and
2(e). The spin/parity for this state is tentatively assigned as
4+ based on the fact that there is no observed direct transition
to the ground state as is observed for the 2+

2 state in 80,82Ge.
One should note that there is no evidence for two β-decaying
states of 84Ga [22] in our data. The concept of two β-decaying
states was used in Ref. [22] to justify an incorrect placement
of the 1046-keV γ ray and the respective intensity balance,
triggering a theoretical discussion leading to an incorrect
understanding of the properties of 84Ga and 84Ge. Our data
clearly indicates that the 1046-keV γ ray is in 83Ge. Using
a 85Ga-ion tagged γ -ray spectrum [see Fig. 2(c)], we were
able to confirm placement of the 624-keV transition as the
first excited state in 84Ge, as well as a 321-keV γ ray which
is assumed to be in the β branch (see Fig. 1). We were also
able to estimate the 85Ga half-life as less than 100 ms since
all events associated with the 624-keV γ ray occur in the first
190 ms after implantation.

The β-delayed neutron branching ratios (Pn values) were
determined as described in Ref. [8] in which the value for
83Ga of 62.8(25)% was presented. Determining this value for
the decay of 84Ga suffers from the lack of measured absolute
branching ratios in the A = 83 decay chain. To establish an
absolute branching ratio for this decay chain, we used our
data for the decay of 83Ga to 83Ge which required estimating
the fraction of 83Ge in the beam. A careful analysis of
the IC energy-loss spectra indicates a ratio of 15.5(9)% for
83Ge relative to 83Ga. This was then used to estimate the
absolute branching ratio for the 306-keV γ ray from 83Ge
decay to be 15.3(11)%. The observed intensity of the 306-keV
γ ray fed in the βn decay of 84Ga then gives a Pn value of
74(14)%, in good agreement with the earlier estimated value
of 70(15)% [12]. Our value is dependent on the absolute
branching ratio for the 306-keV γ ray which should be
independently verified in an absolute measurement optimized
for 83Ge decay. A similar analysis could not be done reliably
for 85Ga due to low statistics.

IV. THEORETICAL INTERPRETATION

Our experimental results can now be used to extend the
level systematics for the N = 51 and 52 isotones as shown in
Fig. 3(a) and 3(b). The observed systematic trends lead us to
some interesting conjectures about the structure of neighboring

(a)

(b)

(c)

FIG. 3. (Color online) (a) Systematics of the proposed ν3s1/2 first
excited state, the second excited state, and the ν1g7/2 state relative to
the ν2d5/2 state for the N = 51 isotones. The dotted and dot-dashed
lines shows the theoretical predictions for the energy difference
between the ν2d5/2 and ν3s1/2 and νg7/2 single-particle states,
respectively. (b) Systematics of the 2+

1 energy in the N = 48, 50, and
52 isotones between Z = 28 and 50. (c) Theoretical predictions for
the dependence of neutron single-particle energies on proton number
for the N = 50 isotones. Also indicated are the predicted shell and
subshell closures.

nuclei. First, the possibility for isomers in the N = 51 and
53 isotones near Z = 28, with 1/2+ halo states for weakly
bound systems. Second, the emergence of an N = 58 subshell
closure for neutron-rich nuclei. Third, a weakening of the
Z = 28 shell closure for N > 50. The experimental evidence
pointing to these behaviors will be presented in the following
paragraphs.

The energy-level systematics of the N = 51 isotones are
presented in Fig. 3(a). For all these nuclei except 101Sn, a 5/2+

ground state is observed. For the Z ! 44 nuclei where it has
been measured in a (d,p) or similar reaction, a spectroscopic
factor "0.33 suggests this state has a large single-particle
component. For the Z ! 42, N = 51 isotones, a 1/2+ state
with a significant single-particle contribution, a spectroscopic

044303-4

Ga81

81Zn β-decay: D. Verney et al., PRC 76, 054312 (2007)

new sub-shell closure at N=58?

inversion of s1/2 and d5/2 at 81Zn?
Single particle orbits in N=50 isotone
from spherical HFB calculations

3/2+
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Shell evolution for neutron in N=51 isotone
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Some hint from N=49 isotone systematics
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Proposed experiment
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NOTHING IS KNOWN ABOUT EXCITED STATES in 81Zn!
→ β-γ spectroscopy following 81Cu

in addition..
- search for 4+ states in 80Zn
- search for 1/2+, 1/2- states in 79Zn
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Beam time estimation

• U beam intensity : 5 pnA
• β efficiency: 50%
• γ efficiency: 20%

• cocktail beam of 79,80,81Cu
  (same setting for 78Ni half-life measurement)

• 5x103 81Cu-decays / week
• 5x104 80Cu-decays / week
• 2x105 79Cu-decays / week

• 200 counts of β-γ coin. / week for 81Zn
• 2300 counts of β-γ coin. / week for 80Zn
• 10000 counts of β-γ coin. / week for 79Zn
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I.N. Borzov, PRC 71, 065801 (2005)

I. N. BORZOV PHYSICAL REVIEW C 71, 065801 (2005)
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FIG. 2. (Color online) The calculated posi-
tion of the Qβn window for the delayed neutron
emission compared to the energies of the GT
pygmy-resonance (ωGT) and main J π = 0− tran-
sitions (ω1,2) in Ni isotopes. For convenience,
the transition energies and neutron emission
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zero energy corresponds to the precursors ground
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FIG. 3. (Color online) (a) Total β-decay half-lives for Cu isotopes
calculated from DF3+CQRPA including the allowed and first-
forbidden transitions, in comparison with the FRDM+RPA for
allowed transitions [5] and experimental data [33–39]. (b) Delayed
neutron emission probabilities for Cu isotopes calculated from
DF3+CQRPA including the 1) allowed and first-forbidden transi-
tions, 2) allowed transitions in comparison with the experimental
data [36–39].
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FIG. 4. (Color online) (a) Total β-decay half-lives and (b) delayed
neutron emission probabilities for Zn isotopes calculated from the
DF3+CQRPA including the allowed and first-forbidden transitions
in comparison with the experimental data [38–39].
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