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ABSTRACT

Direﬁt E2 and ©3 Coulomb excitation of 2* and 3~ itates with
13.5-MeV %He ions on isotopically enriched targets of 196-160gd and
160-164py has been measured by means of y-ray spectroscopy. Several
2% states and 3~ octupole vibrational states were identified in each
nucleus. The B(Ex, 0 +J = 1) is obtained for excitation of each
state, and information is given on the reduced transition probabili-
ties for the different decay modes of these states. The experimental
results are compared with theoretical predictions of nuclear models
describing these states.

EXPERIMENTAL RESULTS AND DISCUSSION

Ganma-ray spectra were observed at 8y = 0°, 55°, and 90° with
respect to the beam direction with a 91-cm3 Ge(Li) detector at 10 cm
from the target. Experimental results for the reduced transition
probabilities, B(Ex,0 +J = 1), are summarized in Table . Several
of the y-rays emitted during the slowing down of the recoiling
nucleus in the target are Doppler broadened. The mean lifetimes,
obtained from a Doppler broadened line shape analysis_for_ the 3= +
2+ and 3 + 4% transitions of the lowest 3 state in 156,158,16054
and 160py, are (0.11 + 0.03), (0.78 + 0.21), (0.074 + 0.020), and
(0.32 + 0.09) ps, respectively. :

The experimental B(E2,0 + 2) for 156-160gd are compared with
recent theoretical calculations by Kumar and Guptal based on a dyna-
mic deformation theory combined with the pairing-plus-quadrupole
model. Ir the case of the K,J* = 2,2% y-vibrational state the B(E2)
values are reproduced reasonably well by the predictions. However,
the B(E2) values for g-vibrational state are not reproduced satisfac-
torily by these calculations.

Collective 3~ ssates have been identified in each of the
156-160gd and 160-164py nuclei and the results_are compared with the
theoretical calculations of Neergard and VogelZ in Table I. Although
the general features of the experimental information are reproduced
by the calculations of Neergard and Vogel, the experimental values of
B(E3,0 > 3) in most cases tend to be somewhat larger than the predic-
tions. Reduced E1 matrix elements have been obtained from gn analy-
sis using Coriglis coupled octupole states' wave functions.¢ For
156-160Gd and 160py the E1 matrix elements <0*|M'(E1;0) | 0-> are
found to be nearly equal, viz. 10.8 + 1.3, 12.8 =+ 1,7, 10.9 * 1.4,

*Operafed by Union Carbide Corporation under contract W-7405-eng-26
with the U. S. Department of Energy.
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Table T, Experimental results for B(EA,0—J=))

vel - B(EN) a Tbeory
Nucleus - (':ev) k)"  EA B‘f’f; HN BELO~N
iy BEN) o, (Gl 34}
™G 11204 0,2 E2 (1.58 £ 0.09) X 10 0.63 20x 107
- 1154.1 2 of E2 (1.11 £ 0.06) x 10°* 4.46 143 x 10!
12580 0,2 E2 (2.7:0.7) X 10°? 031 2x107
1276.1 2,3 E3 (17.1:0.9) x 10-? 16.9 15.2x 10"
MGd | 10416 13- E3 (124 £ 0.7) x 10-2 11.9 7.8x 107
" 11821 .r E2 (8482 049) x 107 3.34 8.3x 107
1259.8 02" E2 (8.01 2 0.56) x 10~* 0.32 6.7x 10
1402.9 0,3 E3 (2281 0.26) X 10 2.2 3.3x 107
, 15174 0,2 E2 (9.3320.93) x 10~ 0.36 1x 102
nGy / 983.2 2.r E2 (8.82 2 0.44) x 1072 3.42 10.3 x 10~?
; 1289.3 2,3 E3 (1181 0.7 x 10 11.0 113 x 102
e py 966.2 2> E2 (1.22 £ 0.06) x 10~ 4.73
1286.7 13- £ (17.1 £ 1.0) X 1072 16 129 % 107
1349.5 0,7 E2 (1.84 £ 0.15) x 10~2 0.71
1642 23" E3 6.5+ 1.0) x 1072 6.1 16 %107
“1py 888.2 il E2 (1.18 £ 0.06) x 10 4.50
1210.2 23" £3 (10.4 = 0.7) x 102 9.6 86x 10"
'“py 7618 . 2,2 E2 (1.14  0.06) x 10~ 4.26
1039.3 2,3 E3 (8.8 06)x 107° 2.9 64 % 1072

]
L (73-3) ©.124"3A ¢2-tA for J;=0. J, = A.

and 10.3 + 1.3 x 10-15 ¢ cm. In contrast the matrix elements
<0+| M'(El;-l)l 1=> have the values -(0.91 * 0.06;), -(0.46 ¢ 0.05),
-(0.123 + 0.011), and -(0.36 + 0.05) x 10-15 e cm.

The B&EZ) values for the different decay modes of the 2% states
for 156-160gd and 160-164py are compared with thecretical predictions
from the Interacting Boson Model in Table II. These calculations
were done using the IBA computer code3 PHINT. The energy level
spectrum of 156gd is frequently cited as an example of a spectrum
with SU(3) symmetry. These experimental results provide comprehen-
sive tests of nuclei approximating the SU(3) limit. In the calcula-
tions the parameters E2SD and E20D in the E2 transition operator were
adjusted to reproduce the experimental B(E2,0; * 2;) and B(E2,0; -
23). For the K,J™ = 2,2% state the B(E2) values for the 2 +~ 2 and
2 + 4 transitions are reproduced reasonably well by the IBA predic-
tions. On the other hand, the B(E2) values for decay of the K,J¥ =
0,2+ state in 156,158gd and 160py are not reproduced by the IBA
calculations. In fact the limits of the B(E% 0 > 2) for excitation
of K,J% = 0,2* states in 160Ggd, 162py . and 168py are 5, 50, and 34
times smaller than the IBA predictions, respectively. Finally,
Iachello? has offered the suggestjon that the K,J™ = 0,2% states at
1258 keV in 156Gd and 1517 keV in 158Gd could be due to a subshell
closure at Z = 64 giving rise to another pairing and quadrupole
pairing mode.



2.
3.

Table II.

Experimental and calculated B(E2) values

Initial State

———————— e

Final State

e =

B(E2,d§ * J¢)

(1050 ¢2 cmd)

Nucleus  Ky,J4®  E(keV)  Kgd¢*  E(keY) Exp IBA
15664 0,2* . 1129.4 0,0t 0 .32 & .02 .19
0,2+ 89.0 2,04 ¢ .14 .26
0,4% 288.2 1.71 ¢ .16 .68
2,2t 1154.1 0,0* o 2,22 + 1t 2.2
‘e 0,2* 89.0 3.55 ¢+ .19 3,62
0,4+ 288.2 .32 ¢+ .03 .23
0,2* 1258 0,0* 0 .15 ¢ .01
0,2* 89.0 21 ¢ .14
- 0,4t 288.2 2.27 + .27
15864 2,2* 1187.1,  0,0* 0 1.70 £ .10 1.70
0,2t 72.5 3.16 £ .07  1.85
-, 0,47 261 J1 £ .02 .36
0,2% 1259.8 0,0t 0 .6 ¢ .01 1.56
0,2* 79.5 .123: 015 2.27
0,3t 261.4 .62 ¢ .06 .20
0,2* 1517.4 0,0* 0 .19 = .02
0,2 79.5 .20 £ .04
0,4t 261.4 .19 & .03
160G - .. 2,2¢ 988.2  0,0% 0 1.76 £ .09 1.77
: 0,2+ 75.3 2.98 £+ ,18  2.06
0,4* 248.2 .16 &+ ,01 .32
160py 2,2¢ 966.2 0,0* 0 2.44 + .13 2.44
0,2* 86.8 4.45 + .28  7.85
0,4* 283.8 .30 ¢+ .03 .00
0,2* 1349.5 0,0* 0 .37 ¢ .03 1.48
0,2* 86.8 .37 .19 7.40
0,4+ 263.8 .89 & .09 .013
162qy 2,2t 838.2 0,0* 0 2.37 + .12 2.36
0,2* 80.7 4,86 + .27 2.40
0,4* 265.7 .47 & .05 .54
164py 2,2t 761.8 0.0* ()} 2.27 ¢ 11 2.28
0,2* 73.4 4,11 + .25  2.51
0,4* 242.2 L6 + .04 .45
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