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High-spin states in Ga and possible triaxial structure
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Physics Department, Vanderbilt University, Nashville, Tennessee 37235

R. L. Robinson and H. J. Kim
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L. K. Peker
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and NNDC, Brookhaven National Laboratory, Upton, New York 11796
(Received 29 October 1979)

Level structure of %°Ga was investigated by in-beam y-ray spectroscopy. Excitation function, y-ray
angular distribution, and 7y-y ooincidence measurements were performed. From <y-ray energies and
intensities and -y coincidence relations, eleven new excited states were established and parities and spins
up to 21/2% were assigned. Bands of levels built on f5,, and g,,, orbitals were observed with spacings that

suggest triaxial structure.

NUCLEAR STRUCTURE ®Ni(2C, ap) E=39 MeV, *Ni("Li, 27) E=18-21 MeV;
measured I, Ey, I,(8)s VY oin» ¥Y pcos Iy (EX. Ey;,); deduced %5Ga levels, J,
m, v multipolarity.

L. INTRODUCTION

In-beam gamma-ray spectroscopy following
heavy-ion reactions is particularly fruitful in
identifying high-spin states and the bands to which
these states belong. Such information can provide
significant insight into the structure of the nucle-
us. In this study of high-spin levels in *°Ga, we
have identified states up to %“; many of the levels
can be grouped into bands built on states with spin-
parities of &, &, and & . The properties of
these bands suggest that triaxial deformation may
occur in ®Ga. A preliminary report of this work
has appeared.®

Information on the low-lying levels of *°Ga was
already available from the reactions ®Zn(*He,d)
(Ref. 2) and ®Zn(d,n),® from the radioactive de-
cay* of %Ge(T,,,=1.5 min) and from in-beam y-ray
spectroscopy.®*® Some theoretical studies also
have been reported based on the particle-phonon
coupling model.”*® The theoretical works are
successfully applied to low-lying and low-spin
states up to &. A £ state at 2,034 MeV was re-
ported in the transfer reaction studies
84Zn(d,n) %5Ga with a large spectroscopic strength®
and is supported by in-beam y-ray spectroscopy
with o particles.® This level is assigned to the
single particle g,,, orbit, which has been reported
to play a very important role in this mass re-
gion.® ™ Indeed, we find not only a band built on
this orbital but also an interruption of that band
by a 2" level that is interpreted as having a (g;,,)®
configuration.

II. EXPERIMENTAL PROCEDURE

The main experiments were made with the
®Ni(*2C, ap) *°Ga reaction. Since in that reaction
some ¢y rays were complex and some angular dis-
tributions were disturbed by the B8 decay of
%Ge(Ty, =1.5 m) produced by the *Ni(*2C, an)
reaction, complementary data were obtained by
the study of the ®°Ni("Li, 2») reaction. The tar-
gets, reactions, and measurements are summar-
ized in Table I. The enriched ®Ni target of thick-
ness 0.72 mg/cm® was evaporated onto a Pt back-
ing and the enriched ®°Ni target onto an Ni
backing. The beams of *2C and "Li were obtained
from the EN tandem accelerator at ORNL. In the
angular distribution measurements, y rays were
detected with two Ge(Li) detectors with energy
resolution of 2,5 keV at 1.33 MeV. One detector
was fixed at 90° and served as a monitor. The
other was placed at angles of 0°, 55°, and 90° rel-
ative to the beam direction. As an additional check
on Doppler broadening, we also measured the
spectra at 150°. The distances between target
and detectors were 15 cm. In the y-y coincidence
measurements, the detectors were set at 0° and
90°. This choice of angles allows one to obtain
angular correlation information from the expres-
sion
_ W(0°,90°)
~ wW(90°,0°) °’

where the two angles are for the first and second
member of a y-ray cascade. This has been re-
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TABLE I. Summary of the experiments.

Target Reaction Beam energy (MeV) Measurement
Ni BNi(2C, ap) 39 ¥(6), ¥-¥ coin.
0N 80N ("Li, 2r) 18, 19, 20, and 21 V(E)
0N 80N ("Li, 2n) 20 v(6)
ferred to as directional correlation from oriented ative intensities and angular distributions are
nuclei (DCO). The detector-target distances were listed in Table II. The 750.0-, 919.1-, 1027.1-,
7T cm. The 1000X1000 coincidence events were 1075.2~, and 1096.3-keV y rays are doublets in
stored in the CDC 3200 computer through a PDP-11 the 2C induced reactions. One member of each
buffer memory. An RaE source was used for en- doublet is produced by the ®Ni(*2C, ap) reaction
ergy and efficiency calibrations. and the other by the %Ni(**C, 2p) reaction. Thus,
the usefulness of the angular distribution data of
III. ANALYSIS AND RESULTS these complex y rays in these reactions may be
limited. However, the main components in the
A. Level scheme 750.0-, 1027.1-, and 1096.3-keV y rays are in
The singles y-ray spectrum obtained from *¥Ni 85Ga. The 424.3-, 667.5-, 1034.2-, 1067.9-,
+12C is shown in Fig. 1. Spectra were analyzed 1135.4-, 1180.1-, and 1330.7-keV y rays were
with the KEI-11EF code (the fitting function is a only observed in coincidence spectra, so no A,
Gaussian peak +exponential tail, and that of the and A, values could be extracted for these. The
background is arctangent +linear), developed by angular distribution of the 190.6-keV y ray was
Komura,'? and by hand for some peaks. The rel- disturbed by the thick target holder. Angular dis-
[ ° o “Ni + '2C Singles at 55° _:
-—d L 0 2 °
1T 8 5 E =39 Mev g i
Z [ Vs ]
<Zt [ 2|k - g7
g ° ] &
5 &
I 1 05 :_J 0 3 ﬁ% = -3
v [ § @ é‘ 0 5‘ 3 ,,3, 0 - QE‘ l ]
- 5085 13 ® 78 53 8% | 3 .
o b < il <=
w [ MWAM&NM M" T | “ £ g
o. | RU’VWL T?—‘
7, L 1
| ol ]05 = v uk
4 F s 8
=) - 2 3 20 0 ?
O [ 3 v o 3 0 | N
O BRI R s N ' l 1
5 JL)"I\ ’ 1 ? 8 g N 3000 4000 |
, N ;
104 WU | g g2 5 2 E
- S 1N 233 ~ 3 3
3 vy \ILJ\ 1 W Lﬁ g g 3
-; "WM I ]
3 E
3IE 3
1 0 L | i | 1 1 L |
5000 6000 7000 8000

CHANNEL NUMBER

FIG. 1. The singles y-ray spectra obtained from the *Ni+ '2C reaction at 55°. The vy rays in ®Ga are marked by
large numbers with an arrow. The other energy values are given for only strong vy rays.
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TABLE II. Energies, intensities, and angular distributions of ¥ rays in %Ga.

I, A, A, Ay
E, (keV) 12¢ (39 MeV) Li (20 MeV) 2¢ (39 MeV) "Li- (20 MeV)
190.6 (2) 100 100 -0.166 (12) 0.001 (12)
310.5 (2) 3.2 (4) 1.7 (3) 0.348 (38) -0.002 (42) 0.43 (15) 0.04 (16)
424.3 (@) 0.5 (2) 0.5 (2)
598.4 (5) 0.2 (1) doublet 0.357 (38) 0.148 (37)
667.5 (3) 3 @) 3.8 (5) -0.24 (12) 0.09 (14)
750.0 (5) 42 (42 27 (2) [0.21 (5) 0.02 ()] 0.238 (31) ~0.036 (34)
814.5 (2) 9 @) 3.4 (4) 0.304 (37) -0.109 (41) 0.36 (11) -0.05 (11)
884.5 (2) 14 2) 14 (2) -0.355 (25) 0.082 (29) -0.308 (28) 0.070 (30)
919.1 (7) 13 (4)* 2.5 (3) -0.11 (15) 0.03 (17)
944.1 (3) 12 @) 10.1 (6) —0.181 (30) —0.038 (33) -0.172 (25) 0.015 (30)
962.0 (3) 17 @) 12 (2) -0.39 (6) 0.05 (6) —0.27 (7) -0.03 (7)
1027.1 (2) 43 (4)* 22 (2) [0.28 (6) —0.06 (6)] 0.35 (9) -0.06 (8)
1034.2 (7) 2.0 (2) weak
1057.9 (3) 20 (2) 12 (2) 0.28 (6) —0.08 (6) 0.233 (30) -0.029 (34)
1067.9 (7) 3.2 (4) weak
1075.2 (5) 34 (2)2 18 (2) : 0.350 (25) -0.105 (30)
1096.3 (4) 68 (7) 2 76 (5) [0.295 (28) -0.037 (25)]2 0.313 (24) —0.047 (26)
1135.4 (7) 0.9 (3) doublet
1180.1 0.8 (3)
1266.3 (8) 11 (2) 3.2 (5) 0.34 (22) 0.20 (28)
1330.7 (7) 1.4 @4) doublet
1501.1 (5) 19 2) 17 @) 0.35 (8) -0.16 (10) 0.39 (4) -0.14 (5)
1521.3 (5) 1.8 (5) 3.5 (7) ~0.40 (L0) 0.25 (9)
1526.1 (6) 9 (2) 10 (1) -0.184 (44) —0.02 (52) -0.26 (8) 0.03 (7)
1847.0 (9) 1.1 (3) 2.3 (3) 0.44 (15) 0.14 (16)

2Doublet with y ray in %8Ge.

tribution data obtained from the ®Ni +"Li reaction
were free of many of the above problems and so
complemented the data from the %Ni +2C reaction.
All the y rays, except for those at 190.6, '750.0,
884.5, 962.0, 1075.2, 1096.3, 1135.4, and 1180.1
keV, are newly found in this experiment.

A typical coincidence spectrum is shown in Fig.
2. The 511.0-190.6 keV coincidence relation shows
that the ®5Ga levels also were populated by the 8
decay of **Ge produced by the %®Ni(*2C, an) reac-
tion. This fact was confirmed by the measure-

190.6 keV GATE

» o
@® (=]
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w
o
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o>
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305
4243
- 15011

nas.d

- 1180,)

12663
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\

70 80 90 100

CHANNEL NUMBER (x10')

FIG. 2. The coincidence y-ray spectra gated with the
190.6-keV y ray.

ment of radioactivity with the beam off. The
angular distributions of the 884.5- and 1075.2-keV
transitions also were perturbed by the g-decay
components.

The level scheme of ®Ga based on our y-ray
energies, relative intensities, and coincidence
relations is shown in Fig. 3. The already estab-
lished low-lying states including their spins in

65
LEVEL SCHEME of $}Ga,,

CONFIGURATION

L7 ? fs2 (992)° 992

FIG. 3. The level scheme of ®Ga obtained in the pre-
sent experiment. The Y-ray intensities are obtained
from the ®Ni+ 12C reaction. The spin-parity assignments
and groupings are described in Secs. IIIB and IV.
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brackets, 190.6 [Z ], 1075.2 [% ], 1286.9 [&],
and 2037.1 [£7] keV, are confirmed by the present
data. The spin-parity assignments are described
in Sec. III B, and the grouping of levels is ex-
plained in Sec. IV. The y-ray relative intensities
obtained from the %°Ni and "Li (20 MeV) reaction
are given in parentheses in Fig. 3.

B. Spin-parity assignments

Spins and parities are already established for the
following levels by the radioactive decay studies,*
reaction experiments,?'® and in-beam studies®’®:
0keV, §7; 190.6 keV, 3 ; 1075.2 keV, I ; 1286.9
keV, £; and 2037.1 keV, &', Our data are con-
sistent with these assignments. Using these spins
and parities, we assigned the spins and parities
for other states based on our experimental DCO
ratios and angular distribution data.

From our coincidence data we can deduce the
following two primary cascades in the level scheme
of %Ga: (1) 0-~190.6-1096.3-1501.7+944.1-814.5
keV cascade and (2) 0-190.6+1096.3-750.0--1027.1
-1507.9+310.5 keV cascade. The strong channel in
the reaction of *C on *Ni is 2p, that produces
the levels in %®Ge. The y rays in ®*Ga have ener-

.4122.1 keV, ¥*; and 4432.6 keV, Z*.

gies almost equal to those in ®*Ge. The interfer-
ence of these y rays made difficult an accurate
analysis of the angular distribution data for the
above cascades in ®*Ga. For this reason, we used
DCOratios for some 7y rays to assign spins and
parities and checked the assignments for consis-
tency with the angular distribution data. The pro-
cedures for assigning spin-parities are outlined
in the following six steps:

(1) The DCO ratio for a cascade of two stretched
E2 transitions =1, independent of attenuation coef-
ficients a, and o,. From the DCO ratios of ~1
as given in Table III for the pairs (1501.1-1096.3
keV), (750.0-1027.1 keV), (1027.1-1057.9 keV),
(1057.9-310.5 keV), we assigned spins and parities
to the levels at 2788.0 keV, £7; 3064.2 keV, &";
Our angular
distribution data for transitions from the above
levels are consistent with the fact that for a
stretched E2 transition the angular distribution
coefficients A4,~0.25-0.35 and A,~-0.1 (see Table
V).

(2) The experimental DCO ratio of the 1096-191
keV cascade (note that the efficiency corrections
were measured for both detectors) is 0.25+0.03.

TABLE III. Comparison of the experimental DCO ratio with those calculated for the listed spin sequences and 6 val-

ues. Errors are shown in parentheses.

Mixing ratio?

DCO ratio Spin seq. and multipolarity 5 _dr+1p 5= {(JL+1])
Y=Y Experiment Theory Ij (L4(84)L1) I, (Ly(6)Ly) I ULy AL
884 — 190  0.87 (15) 081 I o e 5 o, ¥ -0.23 (4) -0.7
1096 — 190 0.25 (3) 025 ¥ @, D) £ (D, Q) ¥ ~0.7 (3)
1847 — 190 0.45 (25) 023 ¥ ©Q, Q) T (D, Q) ¥ -0.7
962 — 884 1.6 (11) o.78 ¥ 0, @ 7 o e ¥ -0.10 —0.23
962 — 1075 2.0 (6) 2.56 ¥ (D, Q) r ©, Q) r . ~0.10 (5)
750 — 1096 0.97 (13) 0.95 %’ (D, Q) %‘ @, @ T 0 & -0.2)
1501 —1096  0.92 (21) Lo ¥ Qe ¥ Qe ¥
1526 —1096 2.5 (8) 2.0 W° 0 ¥ Qe ¥ 0 (0.04)
944 — 1501 2.4 (4) 2.4 !22 (D, Q) %3 @, Q) %‘ —1.4 (~10)
919 — 1526 0.5 (3) 0.5 ¥ , Q) w Qe ¥ 0.3 (>0.1)
814 — 944 0.50 (14) 037 ¥ Q, Q) ¥ (D, Q) 123' 1.4
1027 — 750 0.93 (13) 1.05 173’ @, Q) %’ (D, Q) %‘ 0
1027 — 962 0.24 (14) 035 ¥ @, Q) ¥ (D, Q) r —0.10
1058 ~1027  0.98 (12) Lo ¥ oo@e ¥ Qe ¥
1266 — 1027 0.5 (3) 0.76 ¥ o Q ¥ @e ¥ 0.6 (1)
or 0.73 or 2.3 (5)
310 ~1058 0.9 (4) 100 ¥ Qe ¥ e ¥

2These values are either obtained from angular distribution data or DCO ratios consistent with o, and oy values.
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TABLE IV. Experimental and calculated A, and A, values (c, 39 MeV) are compared.

A, Ay

E, in keV Exp. Cal. Exp. Cal.
190.6 -0.554 0.028
310.5 0.348 (38) 0.352 —0.002 (42) -0.102
598.4 0.357 (38) 0.324 0.148 (37) -0.005
750.0 [0.21 (5)]2 0.299 [0.02 (6)]2 —0.000
814.5 0.304 (37) 0.334 -0.109 (41) -0.085
884.5 —0.355 (25) —0.360 0.082 (29) 0.004
944.1 —0.181 (30) -0.198 —0.038 (33) -0.129
962.0 -0.39 (6) -0.330 0.05 (6) 0.001
1027.1 [0.28 (6)] 2 0.323 [-0.06 (6)]2 -0.081
1057.9 0.28 (6) 0.338 —0.08 (6) -0.092
1096.3 [0.295 (28)] 2 0.280 [-0.037 (25)]* -0.054
1266.3 0.34 (22) 0.48 0.20 (28) 0.08
1501.1 0.35 (8) 0.302 -0.16 (10) -0.065
1526.1 —0.184 (44) —0.196 -0.02 (5) -0.000
1847.0 0.44 (15) 0.29 0.14 (16) -0.06
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2Doublet with a v ray in %Ge.

This value is consistent with the known spin se-
quence of £~ =3 -3 if we assume the attenu-
ation coefficient @, >0.60 for the 1286.9-keV state.
This is illustrated in Fig. 4. The DCO ratio yields
6=(E2/M1)Y2=_0.7+0.3 for the 190.6-keV tran-
sition if a, is taken as 0.60. We assumed this at-
tenuation coefficient for the 1286.9-keV level,

even though it allows a possibility of 33:7% E2
admixture in the 3~ -3~ 190.6-keV transition, be-
cause a larger a, value, which would yield a
smaller & as might be expected from systematics,
is not reasonable for such a low-lying % state. (A
larger o, value would not be consistent with the
a’s for the higher-spin states either.) In order to
be able to assign spins and parities to other levels
from DCO ratio one should have knowledge of a,

a, a,. ]
912~ 1286.9
10963 (E2)

512~ . |

3/2-£°]:°6 3,

0 1 Ll PR R s | [T

1 10 100 '52|

FIG. 4. The DCO ratio of the 1096.3—-190.6-keV vy -ray

cascade. Parameters are the attenuation coefficients
oy and a4 of the 1286.9-keV, +- state.

and a, for various states. The procedures for ob-
taining consistent o, and a, are discussed in steps
3 and 4 below.

(3) After steps 1 and 2, we obtained a, values
for the 2037.1-, 2788.0-, and 3064.2-keV levels
from the DCO ratios (R) of the following coinci-
dence pairs: R(750- ( )—191-keV)=0.24+0.02;
R(1501~ ()~ 191-keV)=0.21+0.05; R(1027 —~( )
~( )=190-keV) =0.22+0.06. An example of the
relation between R and a, is illustrated on the
left of Fig. 5 for the 1027-191 keV cascade. This
is calculated for 6,5, =0.7 and yields a,=0.75+0.10
for the 3064-keV state. The dependence of R on
8,9, is illustrated on the right of Fig. 5. Inclusion

R 5. 512- R
o5 2T g ~o.s
0.4} Q, o4
?éo 1
60 ;
03 %64 ' Jo3
0.5 :
— N\ .
0.2} NRexp=0.2210.06 | 102
- 1
h
o1l ' Hoa
\
0 3 1 1 1 i 1 : 1 1 1 0
04 06 08 10 70 <08 -06 "-04 -02 0
a, s,

FIG. 5. The DCO ratio of the 1026—-190.6-keV vy -ray
cascade with the two intermediate transitions of 750
and 1096 keV unobserved (a skipped correlatiion). The
experimental o, value obtained was 0.75+0.10. The de-
tails are given in the text.
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of the error in 8,4,(0.7+0.3) raises the error on
a, to +0.14. This result is consistent with the val-
ue of 0.79+0.20 obtained independently from the
analysis of the 1027-keV y-ray angular distribu-
tion. The experimental a, values obtained for the
levels mentioned above by this method are shown
in column 3 of Table V.

(4) We estimated the a, values for the other
states with the following two assumptions: (1) The
population of the nuclear substates is Gaussian,
and (2) the parameter ¢ which defines the width
of the Gaussian (see Ref. 13 for the definition of o)
is the same for all spins. Calculated o, values are
shown in Fig. 6 for various states. The curve
marked “CASCADE ” is an example for a cascade
beginning at a state with J =2 and «,=0.88. When
a side-feeding curve for ¢ =2.25 is added to the
cascade-feeding curve, the @, values are consis-
tent with the experimental ones obtained from
DCO ratios in step 3. Also shown in Fig. 6 is the
curve for the variation of a, with J for 100% side-
feeding transitions with ¢ =2.25. For higher-spin
states, which are populated only by side feedings,
such as the 4330.5-keV level, the o, values are
obtained from the curve for side feeding with
o =2.25. For a state of lower spin J, the a, val-
ues are obtained by taking the weighted mean

o, (VU =) +a, (T) I,
I+, ’

a,J) =

where U(J'~J) is the attenuation by a cascade tran-
sition (the values are tabulated in Ref. 13), a, (J')
is the known «, of the higher-lying J’ state which
depopulates to the J state, and a,(J) is the value
from the side-feeding curve as shown in Fig. 6.
Here I, and I are the relative intensities of cas-

H. KAWAKAMI et al. 21

cade feeding and side feeding. From this cal-
culation, we obtain 0.57 for the o, value of the
1286.9-keV, & state. This value is in good agree-
ment with 0.60 in step 2. The calculated a, values
are listed in Table V. These values are in excel-
lent agreement with the experimental values ob-
tained from DCO ratios, as shown in Table V and
in Fig. 6. The a, values in the parentheses in
Table V are the values for the case of the less
likely 2" and 12 assignments for the 3732.1 and
4546.6-keV states, respectively. The a, values
are determined from the @, values by assuming a
Gaussian distribution, .

(5) Using the o, and a, values from step 4, we
calculated the DCO ratios, which compare very
well with the experimental values, as given in
Table III. The calculated values of A, and A, for
each spin assignment also are in very good agree-
ment with the experimental ones and thus support
the spin assignments.

(6) The y-ray yield curves obtained from the
%Ni +7Li experiment are illustrated in Fig. 7,
together with the spin-parity assignments from
the above. Black points are for the positive parity
states and the open circles are for the negative
parity states. The yield curve for each successive-~
ly higher-spin state increases more steeply with
the projectile energy than the curve for the lower-

TABLE V. The attenuation coefficients used in the
present analysis. The calculated values are for the less
likely spin assignments shown in parentheses for the
3732.1- and 4546.6-keV levels. ‘“Exp. Data’” means the
values obtained from the experimental DCO ratio. “Cal-
culated” means the calculated values that reproduce the
angular distribution data.

Attenuation coefficients a,

a;
1.0~
Cﬁ%me—momc
08+ A 3 : =225
0.6}
N + Exp. data
o4l y from DCO
N
§ § §
rz
02f iz
1o+
a . 1§
5/2 /2 B2 V2 2

J

FIG. 6. Calculated a, for even-parity (shaded col-
umns) and odd-parity (open columns) states are shown.
Details for the calculations are given in the text.

State (keV) Spin Exp. Data Calculated
190.6 5 0.45
1075.2 =3 0.47
1286.9 =3 0.602 0.57
2037.1 & 0.65+0.07 0.63
2788.0 133' 0.71+0.08 0.70 (0.75)
2813.0 w 0.63 (0.65)
3064.2 1—23* 0.75+0.14 0.75 (0.76)
3732.1. 173 (175‘ ) 0.73 (0.80)
4122.1 12.7* 0.82 (0.82)
4330.5 L 0.76
4432.6 ar 0.88
4546.6 Tén 0.81 (0.85)

2Assumed value (see text for clarification).
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FIG. 7. The y-ray yield curve obtained from the
80Ni+ "Li reaction. The spin-parities assigned in Sec.
IIIB are also given.

spin state just below it. In every case, the spin
assignments based on the slope of the yield curves
with increase in projectile energy are consistent
with the assignments extracted from steps (1)-(5).
These yield curves provide independent evidence
to help rule out choices that are allowed within two
standard deviations, for example, by A4,, A,, and
R,

The spins and parities as deduced in the above
ways are shown in the level scheme in Fig. 3. The
spin-parity assignments deduced from the differ-
ent procedures are given in Table VI. The spins
and parities are shown in parentheses in Fig. 3
when the data favor but do not uniquely establish
them. For the 3732.1 and 4546.6 keV levels, as-

signments which are allowed but also less favored
are shown in parentheses.

C. Mean life measurements

A Doppler shift was definitely observed only for
the 1501-keV y ray in ®®*Ga. The mean life ex-
tracted from the Doppler shift for the 2788.0-keV,
L7" state was 0.8+ 0.4 ps. The data were analyzed
with the DOPCO program.

IV. DISCUSSION

The specific features of interest in the %Ga level
scheme obtained in the present experiment are as
follows:

(a) E2 transitions with strong intensities are ob-

served as the first transition in each band & —~3%°,

97 ~37 and £"~2") and in each case the transi-
tion energy is nearly the same.

(b) Other strong E2 transitions observed are
those terminating at the &, 1287-keV, and £,
3064 -keV, states.

(c) Besides the spin sequences of J +4—~dJ +2~dJ,
the spin sequences J+3—+J +2-J are also de-
tected, for example, the sequences 3 —~% -3~
and " ~18%.2"

(d) The energy of the transition from the 2" to
the lz“ state is very small in comparison to the
other stretched E2 transition energies in the cas-
cade.

The shell model orbits in this mass region are
Dsr2s fsr2s Pie, and gg,. The shell model states
identified from the transfer reaction experiment®
are the p,/, ground state; the f,, level at 190.6-
keV level and g, level at 2037.1 keV. The error
on the E2 mixing ratio 6(E2/M1)=-0.7+0.3 of
the 190.6-keV f,,,—~ p,,, transition is sufficiently
large that one cannot say for certain whether it is
near zero or near one. A large value may be rea-
sonable because the M 1 decay is I forbidden. Note
in the decay of the g, , state at 2037.1 keV, the
1847.0-keV transition is consistent with pure M2
and the 962.0-keV transition may have a small ad-
mixture (99% E1+1% M2), as shown in Table III.
The M 2 mixing shows that the E'1 transitions from
the gy, state to the f,, band are relatively re-
tarded in comparison to shell model prediction.

The low-spin p,,, state was not observed in the
heavy-ion induced reactions which transfer large
angular momenta. A 3 state, however, has been
reported at 62 keV in radioactive decay studies*
and in a reaction experiment.® The 62-keV, 3
state is probably a p,,, quasiparticle state.?

The evidence noted in point (a) above for the J +2

states at 1075.2 keV, L ; 1286.9 keV, £ ; and

i3t

3064.2 keV, ¥ strongly suggests these states are
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TABLE VI. Spin assignments to the levels in ®°Ga.

Level E, v(6) Yield Decay Expected Previous Adopted
(keV) (keV) DCO curves mode from syst. assignments JT
190.6 190.6 1,4 3-1 %-% T Refs. 2,3,5) g‘
7= 3_9 3_ 1 T 7" 7-
1075.2 884.5 L 3-4 3-1 I T @ef. 5) z
1075.2
9= 5 _ 11 5_ 9 9 9 9-
1286.9 212 5 =3 -3 5 3 Ref. 5) 2
1096.3
1_9 5 1T ™
1326.0 1135.4 3% 33 (?)
1370.7  1180.1 3-3 () @et. 5) &)
3 5 1_1 5"
1521.3 1521.3 55 53 (2)
1330.7
2037.1 750,00 3 1-4 g—g 2" Refs. 2,3,5) &
962.0
1847.0
13~ 13 15 5_13 13 13
2788.0 1501.1 3 3 3 =5 3 L
9 7_ i 5_13 13 1=
2813.0 1526.1 33 -3 -3 5 3 4
9 13+ 13_15 5 _ 13 13+ 13+
3064.2 1027.1 3% 3=3 =% ¥ L
3071.3 1034.2 1_21" (_12_1+)
13 15 1_15 9 _ 15 13 (15
3732.1  667.5 13, 1 s 2B 1 g
919.1
944.1
13 17 15 9 _ 11 17 17+
4122.1 10579 B ¥ =D 3-u b I
4132.1 1067.9
4330.5 598.4 (1-25) u_u By @
1266.3
21 17 13_21 21 21+
4432.6 310.5 (-2—) 25 F-5 2 a
17 (19 13 13_19 1719 17 (19
4546.6 424.3 3 (3) 23 -3 303 3 (7)
814.5

formed through the coupling of the single quasi-
particles in the p,,,, fs., and gy, states, to the
first 2" state of a neighboring even-even nucleus.
The energies of the first excited 2" states, 991.5
and 957 keV for neighboring ®Zn and %Ge, respec-
tively, are very similar to the energies of the
three J +2—J transitions. One then could expect
_that the J +4 states at 2788.0 keV, £ and 4122.1
keV, 12—7+ would fit the description of coupling of a
single quasiparticle to the first 4" state of the even
mass core. However, the energies of the 4"~ 2"
transitions in the even-even neighbors are 1315.2
and 1217.9 keV for %'Zn and %¢Ge, respectively.
The differences between these energies and the
J +4~J +2 transition energies of 1057.9 and 1501,1
keV in %Ga indicate that the single particle +core

coupling scheme in the framework of the weak cou-
pling model is not so good for higher-spin states.
Another explanation for the J +2-J sequence
that will also include the J +1—J sequence is that
%5Ga has a triaxial nuclear shape. In the special
case of ¥=0° where y is a measure of the asym-
metry of the nucleus, the model reduces to the de-
coupling scheme described by Stephens.* Meyer-
Ter-Vehn'® has made predictions of the triaxial
model in the A=135 and A =190 mass regions.
Predictions of the model in the two extreme sit-
uations y =0°and 30° are given in Fig. 8. These
predictions, which are based on the Davydov ap-
proximation,’® were taken from Figs. 5(a) and 5(b)
in Ref. 15, in which the case of the unique-parity
state j=1 in A=192 is calculated. The important
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FIG. 8. The simplified level scheme for the decoupled
scheme (the triaxial model with y=0°) and for the
triaxial scheme (y=30°). The level scheme for y=30°
is rearranged on the right side; there, the solid lines
between states represent the predicted strong E2 tran-
sitions. The numbers with subscripts are the states in
the even-even core; for example, 4; means the first ex-
cited 4 * state in the even-even core nucleus.

point is that, besides the .J +4—~J +2—-J sequence,
the spin sequences of J+1-J, J+3~J+2, and

so on are predicted in the triaxial model, as shown
in the right side of Fig. 8. The energies of the
J+1 and J +3 states are strongly influenced by the
introduction of the asymmetry. These experimen-
tal spin sequences are not reproduced by the de-
coupled scheme based on axial symmetry. The
solid lines between states represent the strong E2
transitions theoretically predicted. The relative
positions of the J+4 and J +3 states depend on the
v value. From Ref. 15, the excited energy of the
J +4 state is higher than that of the J +3 for y>20°,
and vice versa for y<20°. Now consider the %Ga
level scheme from the point of view of the triaxial
model. The level spacing of the bands built on the
assigned f,, and g/, states are similar and com-
pare favorably to the predictions of the triaxial
model. From the fact that the excitation energies
of the %™ and %~ states are higher than that of the
137 and 4" states, respectively, the y value is
expected to be less than 20° in %Ga. A good candi-
date for the J +1 state for the 2~ band is seen at
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1521.3 keV. While we could not definitely assign
J+1 states in the 3~ and £ bands, we do observe
candidates for these states at 1326.0 and 3071.3
keV. Besides that, we can expect some low-lying
states with J —2 or J -1 spin, as shown in Fig. 8.
Some low-lying spin states have been reported at
890 keV (3 or £7),821 keV (37),% and 2822 or
2927 keV (2"),% in other experiments. To evaluate
more carefully the validity of the triaxial model,
calculations need to be made in the A =70 mass
region, Further, the test should include a compar-
ison of transition probabilities which are not known
theoretically or experimentally.

The other interesting feature of ®*Ga is that
mentioned in (d) above. The low energy 310.5 keV

of the transition between the 2" and 1" states

clearly indicates that the %fr state has a different
structure from the band built on the g* state at
2037.1 keV. Nearby even-even nuclei have 8*
states in the energy range of 4.5-5 MeV, which
have been interpreted as (g,,,) 2 configuration.®
Since the lowest spin of a (g,,,)® configuration is
21" we suggest that the state at 4432.6 keV may
be such a three quasiparticle configuration.

At present we have no explanation for the re-
maining states at 1371, 3732, 4132, and 4547 keV.
However, the spins of the 3732 and 4547 keV levels
and their energy spacing suggest they are the first

two members of a band.
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