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Evidence of a spherical to prolate shape transition in the germanium nuclei
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Evidence of a spherical (or oblate) to prolate shape transition around N = 40 in even-A germanium nuclei has
been obtained by measuring the static quadrupole moments of the first 2+ excited states of "Ge, "Ge, "Ge, and
"Ge using the reorientation effect in Coulomb excitation. The measurements yield Q,+ values of (+0.03 ~0.06)
or (+0.09+0.06) eb for ' Ge, (—0.13+0.06) eb for "Ge, (—0.25 +0.06) eb for "Ge, and (—0.19~0.06) eb for
76Ge

NUCLEAR REACTIONS Ge(er, i, BLi'), E=10.5 MeV; ' ' Ge(&, & ), E=7.o
MeV; 7 '7 ' '76Ge( 0, 6O'), &=29.9 MeV; measured 0{E,Eggol) deduced Q&+,

B(E2; 0+-2+). Enriched targets.

I. INTRODUCTION

The germanium and selenium nuclei or, more
generally, the nuclei aroundtheW= 40 region have
drawn considerable attention in recent years be-
cause of the puzzling features of their low-energy
spectra. ' ' It is evident that we are dealing with
a region of weakly deformed nuclei which show
a large instability character. Furthermore, the
probable existence of a nuclear shape transition
is also inferred by these experimental studies.
Theoretical calculations carried out to assess
the intriguing properties of these nuclei' "gen-
erally unveil these features without providing,
however, an unequivocal picture on the type of
shape transition. Indeed, an oblate to prolate
shape transition around %=40 is predicted by
several calculations, 4 "' "whereas a prolate
deformation is suggested by another theoretical
approach. " Moreover, in a recent work" the
Ge nuclei have been described as characterized
by a weak transition from a spherical ("Ge) to
an oblate ("Ge and "Ge) shape. An experimen-
tal determination of the static quadrupole mo-
ments of the first 2'excited states of these nu-
clei would provide a sensitive and significant
test of their deformation properties. Recent
measurements have shown that the even-4 selen-
ium isotopes (N=40 to N=48) favor a deforma-
tion of the prolate type. "" The aim of the pres-
ent investigation was to perform a. similar ex-
periment on the even-A germanium isotopes which
span the important region from N = 38 to K= 44.
Q, + values on some of these nuclei ("Ge, "Ge,
and "Ge) are reported in the literature and ap-
pear to support the existence of a spherical or
oblate to prolate shape transition between "Ge
(N=38) and "Ge (N=42). "'" However, these
Q, + have been determined with large experimen-
tal errors and a lack of systematic procedures.

Thus, more precise and systematical measure-
ments were carried out to confirm (or reject)
this important nuclear feature.

II. EXPERIMENTAL PROCEDURE AND RESULTS

The measurements of Q, + and B(E2; 0' —2')
reported herein for "Ge, "Ge, "Ge, and "Ge
have been performed by employing the reorienta-
tion effect in Coulomb excitation. Targets of
"Ge, "Ge, "Ge, and "Ge were bombarded with
29.9 MeV "0 and 7.0 MeV n beams or, as for
"Ge, with a 10.5 MeV 'Li beam. The beams were
obtained from the Universite de Montreal Tandem
Van de Graaff accelerator and had intensities of up
to 500 nA. The targets had a thickness varying
from 5 to 25 pg/cm' and were prepared by vacuum
evaporation of germanium metal on 10 or 20 p, g/
cm' thick carbon backings. The Coulomb excita-
tion probabilities for all projectiles were mea-
sured by comparing the resolved elastic and in-
elastic scattered particles detected by four sur-
face-barrier detectors placed at scattering
angles of +157.5' and +172.5'. Typical "0 and
e spectra are shown in Fig. 1.

The ratios R,„,=do,.„,/der„frere extracted
from the data, after the contributions of the iso-
topic impurities were subtracted from the spec-
tra. The subtractions were made using the Oak
Ridge isotopic analysis given in Table I.

The possible presence of contaminants which
could contribute elastic scattering peaks under
the Ge inelastic peaks was checked by bombard-
ing the Ge targets with a 3 MeV proton beam.
The elements present in these targets were ob-
served by PIXE methods and techniques developed
in this laboratory. ' The analysis of the x-ray
spectra showed that the "'"'"Ge targets were
free of impurities which could have affected the
He and "0 data, (elements from K to Fe and Cu,
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reason the measurements on this isotope were
carried out with a 'Li beam.

To derive the Q, + and B(E2; 0'- 2") values of
the first 2' excited states of the even-A Ge nu-
clei, the experimental cross section ratios 8,„„.
which are given in Table II, were fitted with the
computer code of Winther and de Boer." All
the other reduced matrix elements gg„, of the
quadrupole operator were also inserted in the
program. These matrix elements were obtained
from B(E2) values determined by Coulomb ex-
citation measurements (thick target yield meth-
od) performed in this laboratory. " The energy
levels and the reduced matrix elements included
in the analysis are shown in Fig. 2. The final
results. are summarized in Table III together
with values of Q, + measured by other groups.
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FIG. 1. (a) The ~60(29.9 MeV) spectrum from ~2Ge at
a scattering angle elab =157.5'. (b) The e (7.0 MeV)
spectrum of Ge at a scattering angle 6 ~,b =157.5

III. DISCUSSION

As usual two values of Q, + are shown in Table
III since it is impossible with the experimental
techniques employed here to distinguish between
constructive and destructive interference from
the 2" states. However, constructive interfer-
ence for prolate deformation (Q, + & 0) is strongly
favored for nuclei belonging to.this mass re-
gion. "" Thus the smaller Q, + values are chosen
as the more probable for "Ge, "Ge, and "Ge
which then can be considered as moderately de-
formed prolate spheroids. Indeed, Q, + values
consistent with zero (destructive interference) are
not expected for these nuclei, characterized by
several experimental and theoretical data as hav-
ing a structure intermediate between a rotator and
a vibrator. " In the case of "Ge the choice is
less evident since the Q, + is positive both for
constructive and destructive interference. It is
clear, however, that even without digressing on
the possible choice of interference sign, both Q, +

4y 2153 6

Zn, and Ga, respectively). However, a large
amount of calcium in the "Ge target made im-
possible the analysis of its n spectra and for this

\

TABLE I. Isotope composition of targets in percent.
A11 material was obtained from Oak Ridge Separated
Isotopes Divisions.
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Target 70 72
Isotopes

73
0+

70G
0 0+-

72G
0 0+

74G
0 0+

76G

70
72
74
76

98.45
0.75
0.26
1.30

0.57 0.23
97.85 0.41
0.49 0.20
2.00 0.63

0.61 0.14
0.80 0.19

98.90 0.15
3.25 92.82

FIG. 2. Energy levels and reduced matrix elements
of ~ Ge, 7 Ge, Ge, and 7 Ge inc]uded in the analysis
(See Ref. 23). The 6 values of the 2+' 2+ transitions
have been taken from K. C. Chung et al. , Phys. Rev.
C 2, 139 (1970).



1532 LECOMTE, IRSHAD, LAXDSBERGER, PARADIS, AND MOAARO

TABLE II. Values of the experimental and least-square fitted ratios.

Isotope
Beam energy

(Me V)

Lab angle
(deg) x10 Aft &10

70

74

10.5 (6Li)
29.9 ('60)

7.0 (~)

29.9 (160)

7.0 (n)

29.9 ("O}

7.0 (e)

29.9 ('60)

157.5
157.5
172.5

157.5
172.5
157.5
172.5

157.5
172.5
157.5
172.5

157.5
172.5
157.5
172.5

1.svs (o.69)
11.96 (0.77)
12.14 (1.23)

1.975 (0.87)
1.981 (o.v2)

23.70 (0.87)
24.35 (o.vv)

5.64o (o.45)
5.832 (0.51)

67.48 (0.79)
69.63 (1.1V)

5.687 (0.68)
5.935 (1.11)

70.20 (0,57)
71.10 (0.71)

1.879
ll. 97
12.10

l.950
l.998

23.68
24.19

5.635
5.841

67.70
69.32

5.697
5.917

69.88
71.72

' The experimental errors for Rexp are statistical only and are quoted in percent.
The fitted ratios are those obtained for positive value of P3 =%02,M22,M02, except for

~ Ge, where the fitted ratios were obtained for the negative value.

values of "Ge suggest a different structure for
this nucleus. In fact, ' Ge could be considered
as almost spherical (constructive interference)
or as a moderately deformed oblate spheroid (de-
structive interference). This is in agreement with
the overall evolution of the intrinsic deformation
parameter y calculated with the use of the sum-
rule method of Kumar. " These y values (for the
2' state) are 31.9' (constructive interference) or
32.3' (destructive interference) for "Ge, 27. 5'
for "Ge, 26. 4' for Ge, and 26. 9' for Ge. This
soft spherical (or oblate) to prolate shape tran-
sition around N= 40 is clearly displayed by some
theoretical calculations. "'"'"This result,
however, totally disagrees with the conclusions of

the theoretical approach of Kumar" which repre-
sents, so far, the only attempt to calculate specif-
ically the Q, + in some Ge nuclei as "Ge (+0.15
eb), "Ge (+0.23 eb), and "Ge (+0.24 eb). Only
the Q, + of "Ge is in fair agreement with the ex-
perimental value given by destructive interfer-
ence, whereas a sign disagreement occurs for
"Ge and "Ge. Thus the predicted spherical to
oblate shape transition at %=40 (Ref. 15) is not
borne out by the present experimental results.
It should be mentioned that, using the same pre-
scriptions, strong oblate deformation was sug-
gested also for "Se and "Se." This is, however,
in complete disagreement with recent results"'"
which clearly favor a, prolate deformation for

TABLE HI. Summary of results for the B(E2: 0+ -2+) and Q2+ values for the even-A ger-
manium nuclei.

Isotope P a
3

B(E2:0'-2')
eb Present work

Q2 (eb)
Ref. 19 Ref. 20

72

74

76

0.179+ 0.003
0.178 + 0.003

0.208 + 0.003
0.208 + 0.003

0.305 + 0.003
0.304 + 0.003

0.278 + 0.003
0.277+ 0.003

+0.03 + 0.06
+0.09 + 0.06

-0.13 + 0.06
-0.05 + 0.06

-0.25 + 0.06
-0.05 + 0.06

-0.19+ 0.06
—0.03 + 0.06

+0 ~ 003 + 0.10

0.18 + 0.14
+0.05 + 0.14

-0.25+ 0.10
-0.17+ 0.10

-0.15 + 0.10
-0.05 + 0.10

a Pe = Moptllf22tMp2' P3 positive corresponds to constructive interference.
b For the calculation of the errors and applicable corrections of Q2+ see Refs. 17 and 18.
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these nuclei.
The presently measured Q, + represent 8% (or

24%), 31%, 50/q, and 31/q of the rotational value.
This shows that the maximum deformation is
reached at N=42 ('~Ge) as expected in nuclei of
this mass region. Then the deformation seems
to be decreasing with an increasing of the neutron
number. This trend is also suggested by the nu-

clear properties of "Ge (Refs. 8, 9) and it is dif-
ferent from that evinced in the selenium nuclei,
which do not show significant variations in their
deformation properties with mass number. "'"
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