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Abstract. Neutron rich Zinc isotopes, including the N=50 nucleus 80Zn, were produced and
post-accelerated at the Radioactive Ion Beam (RIB) facility REX-ISOLDE (CERN). Low-energy
Coulomb excitation was induced on these isotopes after post-acceleration, yielding B(E2) strengths
to the first excited 2+ states. For the first time, an excited state in 80Zn was observed and the 2+

1
state in 78Zn was established. The measured B(E2,2+

1 →0+
1 ) values are compared to two sets of large

scale shell model calculations. Both calculations reproduce the observed B(E2) systematics for the
full Zinc isotopic chain. The results for N=50 isotones indicate a good N=50 shell closure and a
strong Z=28 proton core polarization. The new results serve as benchmarks to establish theoretical
models, predicting the nuclear properties of the doubly magic nucleus 78Ni.

Keywords: Nuclear Structure, Radioactive Ion Beams, Coulomb Excitation
PACS: 21.10.-k,21.60.Cs,23.20.-g,25.70.De

INTRODUCTION

The evolution of shell structure in nuclei with unusual neutron-to-proton (N/Z) ratio’s
has become an intensive field of research in the past years. In this contribution, experi-
mental results are presented around the Z=28 and N=50 shell gaps, i.e. the region around
the astrophysical r-process waiting-point nuclei 80Zn and 78Ni.

Recent experiments have investigated the strength of the Z=28 proton shell gap.
Lifetime measurements of excited states in the stable Ni isotopes (Z=28) have indicated
the need for inclusion of the 1πf7/2 orbital, below the Z=28 gap, in the valence space
in order to describe the B(E2) trend in these isotopes. The recent RIB measurement of
the B(E2) value in 70Ni [1] has indicated an enhanced proton core polarization when
neutrons are added in the 1νg9/2 orbital. Both publications highlight the need for proton
scattering across the Z=28 shell gap in order to describe the B(E2) strengths to the first
excited 2+

1 state.
The N=50 shell gap has been investigated in a series of experiments at Legnaro. The

level scheme of N=50 isotones down to 82
32Ge has been obtained and compared to shell

model calculations in [2]. From [2], it was concluded that the 2+
1 state in N=50 isotones

down to Z=32 have a dominating proton component in the wave function.
Combining the observations around Z=28 and N=50, one might expect that the 2+

1
state in 80

30Zn has a dominant proton character and possible weakening of the Z=28 shell
gap should be reflected in a larger then expected B(E2) value for this nucleus. With the
presence of a strong N=50 shell gap, the 2+

1 energy in the Z=30Zn isotopic chain should
increase drastically at N=50.

Furthermore, the Zinc isotopic chain exhibits an onset of collectivity around N=40,
indicated by a smooth decrease of the E(2+

1 ) and an increase of the B(E2) values in
70−74Zn [1, 3, 4]. In order to probe the further development of collectivity in neutron-rich
Zinc isotopes up to the N=50 closed neutron shell, a program of low-energy Coulomb
excitation was started at the Radioactive Ion Beam facility REX-ISOLDE [5]. This
technique is a very selective tool to investigate low-lying 2+ states and their B(E2) value
in even-even isotopes because of the dominating E2 excitation cross section and the
accurate description of the inelastic scattering process in terms of the electromagnetic
interaction.

292

Downloaded 06 Jan 2009 to 137.138.5.217. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/proceedings/cpcr.jsp



Energy [keV]
0 500 1000 1500 2000

C
o

u
n

ts
[/

4
k

e
V

]

1

10

210

3
10

)1

+
0�1

+
Zn : 2

80
1492 keV (

Pd
108

Energy [keV]

FIGURE 1. γ-spectrum in prompt coincidence with a particle, after random subtraction. The filled grey
spectrum is acquired during laser off periods ( 10 h), the black line is the spectrum during laser on periods
( 100 h).

RESULTS

The neutron-rich Zinc beams were produced at ISOLDE with a standard ISOLDE UCx
target and 1.4 GeV protons from the CERN PS Booster. Details on the production
method can be found in [6] and [7]. The Zinc ions were post-accelerated by the REX lin-
ear accelerator [5] to a final energy of 2.87 MeV/nucleon (A=74,78), 2.83 MeV/nucleon
(A=76) and 2.79 MeV/nucleon (A=80). The post-accelerated beam was Coulomb ex-
cited on a 2.3 mg/cm2 120Sn target (A=74,76) and a 2.0 mg/cm2 108Pd target (A=78,80).
The γ-rays following the de-excitation process were detected by the MINIBALL Germa-
nium detector array [8]. The scattered particles were recorded in a 500 µm thick double
sided silicon strip detector (DSSSD), covering laboratory angles between θ=29◦-52◦

(A=74,76,78) and θ=16.4◦-52◦ (A=80). Nuclei scattered in these angular ranges stem
from collisions where the distance between the nuclear surfaces does not drop below 5
fm, ensuring that the observed excitation is induced by the electromagnetic interaction.
Typical average beam intensities at the secondary target were 3.0×105 (A=74), 1.1×105

(A=76), 4.3×103 (A=78) and 3.0×103 (A=80) particles per second. The beam purity was
determined by switching the laser ionization periodically on and off. The difference in
particle scattering in the DSSSD during laser on and off periods gives the ratio of sur-
face (Ga,Rb) over laser ionized species (Zn). The purity (=Zinc content) of the RIB’s
was 83(4)% (A=74), 73(7)% (A=76), 64(13)% (A=78) and 43(5)% (A=80).
β -decay activity and room background in random coincidence with elastic scattered

particles were subtracted from the prompt coincident γ-spectra. Comparing γ-ray spectra
accumulated with the lasers on and with the lasers off allowed to discriminate between
lines originating from the Coulomb excitation of Zinc, isobaric contaminants and the
target. In the A=78 and A=80 experiments, the 2+

1 →0+
1 transitions could be established

unambiguously from this comparison of laser-on and laser-off spectra, thereby fixing the
2+

1 state in 78Zn to 730 keV and in 80Zn to 1492 keV (see Fig. 1 for the 80Zn laser-on
and laser off-spectrum).

The known 0+
1 →2+

1 (E2) excitation cross section of the even-even target nucleus
served as normalization to determine the excitation cross section of the Zinc isotopes,
which depends on the unknown B(E2) value. The cross sections were deduced using
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the coupled channels Coulomb excitation code GOSIA [9]. For 120Sn and 108Pd nu-
clei, adopted B(E2) values [10, 11, 12] between all states involved in the excitation
process were used in the calculation. The calculated de-excitation cross section de-
pends on the re-orientation matrix element (<2+

1 ||E2||2+
1 >), related to the spectroscopic

quadrupole moment of the 2+
1 state. In all the current calculations, this matrix element

was fixed to 0.0 eb. When fitting the <0+
1 ||E2||2+

1 > matrix element, assuming a rota-
tional quadrupole moment for the 2+

1 state, the B(E2) value increases by 22%(18%,15%)
for prolate deformation and decreases by 13%(12%,11%) for oblate deformation for
A=74(A=76,A=78). In those cases, the resulting quadrupole moments have a magnitude
of 0.40(0.35,0.25) b for A=74(76,78) for both prolate and oblate deformation. Lifetime
measurements of the 2+

1 state in these isotopes can provide constraints on the B(E2)
values and would enable us to fit the re-orientation matrix-element.

DISCUSSION

The resulting B(E2) and E(2+
1 ) values are summarized in Fig. 2. Two shell model calcula-

tions (SMC) are included in the figures. The first set of SMC (dotted line, SMI) was per-
formed with the shell model code ANTOINE and the realistic effective nucleon-nucleon
interaction based on G-matrix theory by M. Hjorth-Jensen [13] with monopole modifica-
tions by Nowacki [14]. The model space consisted of proton/neutron 2p3/2,1f5/2,2p1/2

and 1g9/2 orbits around an inert 56Ni core. High proton/neutron effective charges of
1.9e/0.9e were used to compensate for the large 56Ni core polarization. The second set
of SMC (dashed lines, SMII) were obtained with the JJ4B effective interaction [15]
which is an extension of the renormalized G-matrix interaction based on the Bonn-C
NN potential (JJ4APN) constructed to reproduce the experimental data for exotic Ni,
Cu, Zn, Ge and N=50 isotones in the vicinity of 78Ni. π /ν polarization charges of 1.76e
and 0.97e were used. Both SM calculations reproduce the B(E2) trend in the Zinc iso-
topic chain (see Fig. 2). Around N=40, the SMII results are sensitive to the position of
the excited 0+

2 state. A similar problem in the Ge isotopes has been discussed in [16].
The calculated B(E2) strength for the N=50 isotones is solely due to proton excitations,
since neutron excitation across the N=50 gap are not included in the valence space. The
first set of SMC overestimates the B(E2) strength around mid-shell between Z=28 and
Z=40, whereas it reproduces the two B(E2) values in 82Ge and 80Zn. The use of a high
proton effective charge seems to be needed for these two isotopes, which have a limited
numbers of valence protons outside the Z=28 core (four and two, resp.). This hints to a
higher proton core polarization close to Z=28. The second set of SMC reproduces the full
trend of B(E2) values for the N=50 isotones down to 80Zn. Possible proton excitations
across the Z=28 shell should be incorporated in the empirical set of matrix elements.

In conclusion, these set of Coulomb excitation experiments at low energy on neutron-
rich Zinc isotopes have provided B(E2) and E(2+

1 ) values up to the N=50 nucleus 80Zn.
The E(2+

1 ) systematics of N=50 isotones shows a small increase in excitation energy for
the 2+ state in 80Zn, with only two protons added to the assumed doubly magic 78Ni. In
comparison with SMC, it can be concluded that the N=50 neutron shell gap is still a good
shell closure down to Z=30. No definite conclusions can be drawn on the strength of the
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FIGURE 2. E(2) and B(E2) values for Zn isotopes (a,b) and N=50 isotones (c,d). Two sets of SMC are
included, labeled by SMI and SMII, see text for details on the calculations.

Z=28 shell gap, though, the need for high proton effective charges with few valence
protons outside the Z=28 shell gap indicate a strong proton core polarization.
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