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ABSTRACT
. . . v 28.. 32,
Static quadrupole moments of the first excited states of 51, 5,
and uOAr have been measured using the reorientation effect in projectile

Q(28

+
Coulomb excitation. The results obtained are 51,2 } = 40.11%0.05 b,

L +
OAr,E ) = +0.01%0.0k b.

a(3%s,2%) = =0.2040.06 b, and Q(
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The reorientation effectl in projectile Coulomb excitation provides a

sensitive way to measure quadrupole moments of light nuclei. This method was

, ‘ 20
successfully applied to the measurement of the quadrupole moments of ~ Ne and

o2 + 2 ) . . 28,, 32
Ne (2 states). In the present work the first excited states in 81, S

3

. b .
and OAr have been studied using beams from the Berkeley Hilac. These meas—

urements indicate an oblate shape for 2881, a prolate shape for 328, and a

spherical ghape, within experimental error, for hOAr.
The method used was almost exactly the same as iﬁ the Ne experiment.2
The Y-ray yields from excited projectile and target nuclei at two projectile-
scattering angles (160° and 90°) were measured simultaneouslyvas particle~y
coincidences between a Nal counter (7.5 em % 7.5 cm) and a particle counter at
each angle. A multidimensional-analysis program for the Hilac PDP-7 was used
to store a Y-ray spectrum, a mixed particle spectrum from the two counters, and
g time spectrum. In order to identify the particle counters in off-line analy-
sis, the fagt timing signals from one of the particle counters were delayed ﬁo
produce two prompt peaks in the time spectra. The ratio of the excitation
probability of the projectile to that of the target at each angle was deduced
R16o::( 160,160

Ny /NG

RQQ = (Ngo/Ngo) . (aT/EP), where N is the integrated area of a photo-peak

from the measured coincidence y-ray spectra as: ). (ET/EP),
in the spectra, and £ is the photo-peak efficiency of the Nal counter.
Superscripts indicate the scattering angle and subscripts distinguish between
. . : , . 160,90,

projectile (P) and target (T). A double ratio, # = (R /R7"), was also cal-
culated which was less sensitive to many kinds of instrumental effects and to
uncertainties in the B(E2) values of both projectile and target excitations.
These ratios, after several correchions were made, were compared with calcu~

lated values using the deBoer-Winther Coulomb excitation program.j
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This method is advantageous, because the excitatlon probability of the
projectile is considerably more sensitive to its guadrupole moment than that of
the target is to its moment. By measuring the target and projectile excitations
simultaneously, several kinds of experimental uncertainties and instabilities
cancel out, and by the proper choice of target nuclei, ambiguities involved
in its excitation. can be minimized. However, the estimation of the reorienta-
tion effect in the target excitation was more serious in the present case than
in the Ne experiment, because the target nuclei were excited by heavier
projectiles.

Sincé it was difficﬁlt to get low-energy beams of these projectiles at

the Hilac, measurements have been made mainly with a 206Pb target. In the case

of AOAr, targets of lgOSn and l3oTe were used as well as 206Pb. Because an
accurate B(EZ, ot 2+) value of 206Pb was needed, it was determined in sepa-
rate experiments by a lifetime measurement of the 2+ state using the Doppler-
shift recoil-~distance method.u The static guadrupole moment of the ot stéte
in 206Pb was assumed to be O.OiO.S!Qr{.S

The attenuation of the y-ray angular distribution has been corrected
using attenuation factors, GB and Gh’ determined in separate experiments. The
interaction producing the attenuation was assumed to be magnetic. The correc-
tion to the y-ray angular distribution and to the detector solid angle due to
the motion of thekymemitter was calculated by a numerical method. The higher
velocities of projectile and recoiling target nuclei introduced larger correc-

tions than was the case in the Ne experiment. However, the uncertainties due

to these corrections are still only a small part of those in the final results.




I UCRL-195uk

Figure 1 shows the experimental results with best fits and calculated

>

curves assuming Q = 0 and iQr. The best fits were obtained by least-square

fittings to the experimental ratios. Because only two of the three ratios
160 90 w . P .

(R , R77, ®) are independent, a correlated weight function was used in the

fitting. Results of the fittings are summarized in Table I. Effects due to

other low-lying O+, 2+, y*

6,7,8

, and 3  states were estimatei using experimental
data when available. No correétiom was applied unless the effect could
be reliably calculated from experimental data, but additional,uncertasinty was
given to the final values of B(E2, O+ > 2+) and Q. Correcﬁions due tb the
effects of Eb moments were also calculated using Bé and Bh from the (p,p')
experimentg for 2881 and 328, but for hOAr only an estimated uncertainty wés
included. HNo correction was made for éimultaneous excitation of projectile
and target. The’uncertainties introduced due to these effects were rather
large, and couldube,appreciably reduced by further experimental information.

The estimated corrections applied were small except for the case of 328. The

+ +
relatively large B(E2) values for the transitions between 02, 22, and hl states
(3.78, 4.29, and 4.L46 MeV) and the first excited state in 328 made & considerable

. 32 . ) - '
change in Q(~°8) (Quncorr = -0.14 b *’Qcorr = ~0.20 b).

10
OQ
shell nuclei deduced from the present projectile~excitation method are sum-
11~-15

+
The intrinsic guadrupole moments, Q of the 2 sgtates in the s-d

marized in Fig. 2 together with values from other measurements. The

present result for 288i agrees with a previous meagur@ment.ll The prolate

3

shape (QO > 0) of 2$ was somewhat unexpected; however, in this mass region

calculations have shown that the minimum Hartree-Fock energies are very close

for prolate and oblate shapes,ié so that it does not seem unreasonable that
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the addition of four nucleons can change the shape of a nucleus. In this

28 +
s regard, the different signs of the intrinsic gquadrupole moments of si(2)

and 27Al(5/2+) and of 328(2+) and 336(3/2+) are more striking. There are a
number of possible reasons why the sign of QO for an odd-A nucleus might be
different from that of a neighboring even-even one. Two rather obvious pos-
sibilities are: 1) if the state is a member of a K = 1/2 band, the sign

of Q, will be opposite to that shown in the figure, and 2) if

two shapes lie at nearly the same energy., the one preferred could be changed
by the addition or‘removal of a particle from an orbital whose energy depends
strongly on deformation. For all odamA nuclei in this region, the sign of
the guadrupole momentkis correctly given by the position of the nucleus on the
Nilsson single-particle diagram as determined by its nuclebn number and the
ground-state spin. The small static moment of hOAr(2+) (spherical

shape) seems reasonable since this nucleus is quite near the doubly~closed

shell.
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FIGURE CAPTIONS
1. Typical results of the experiments and analysis. The solid lines

are the best fits (corresponding to an uncorrected Q) and the dashed

H

lines show the curves for Q = 0 or iQr. The arrows indicate the "safe

energy" (Es) defined in Ref. 1.

2. Intrinsic quadrupole moments, Qo,lo in s~d shell nuclei. The circles
indicate the intrinsic moments of fifstwéxcited 2+ states debtermined from
measured static quadrupole moments by: the present method (double circles),
the method of the Chalk River group {closed circles), and that of the group
at Heldelberg {open circles). The squares indicate the wvalues calculated

. - + + . . . .
from measured B{(E2, 0 - 2 ) values. The intrinsic moments of odd-A
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nuclei deduced from the spectroscopic quadrupole moment {assuming K = I

*
except for g (K = 1/2, I = 5/2)) are shown by the diamonds.
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Table 1. Summary of the experimental results.

Basis of calculations Result (projectile)
+ +
Target  B(E2, + target) Q(target) B(E2, 07 + 2") a(2")
2. - - 4 ,
e x10 50 cmh : (v) eleo 20 cm (v)

28
{a) 81 (1.78 MeV)

+0.5]Q_ | 3.3+0. 4 0.126+0.0L5
2065, 9.1+0.6% 0.0 T 3.340.4 0.110+0.045

eo.ath} 3.3%0.h 0.098+0.0L5
Summary 9.1+0.6% '(0.0¢0.5{Qr})b 3.340.k +0.11 #0.05

32 o '
(v} S (2.2h MeV) -

[ —

+0.5]Q_| 3.3%0.5 -0.192%0.055

206p, 9.1£0.6% * 0.0 ¥ 3.3$0.5 ~0.202£0.055
. | ~O.5{er 3.3%0.5 -0.215%0.055

Summary 9.1+0.6% (0.0iO.5[Qr‘)b 3.3%0.5 ~0.20 +0.06

() "Oar (1.46 Mev)

+0.5]qQ_] 3.420. 4 0.032+0.0L0

23.0%1.2° 0.0 * 3.4#0.4 -0.021+0.040

120 ~O.5§Qrf 3.4+0. 4 ~0.081+0.0L0
23.0¢1.2% (0.0iO.S}Qrf)b 3.L£0.4 -0.021%0.065
1304, BOin : -O.lSiO.QOd 3.2%0.6 0.019*0.062
; +0.5]Q_| 3.0£0. 0.052+0.072
9.1+0.6% 0.0 3.0%0.5 0.0L0%0.072
206, -0.5(Q_] 3.0%0.5 0.022%0.072
9.140.6% (0.0%0.5]q_|)° 3.040.5 0.040+0.075

Summary (Average) 3.2+0.5 +0.01 +0.0k

&,
Reference k., .

bAssumption: Qr is the value calculated from the B(E2) using the rigid-
rotor model. B

°P. H. Stelson, F. K. McGowan, R. L. Robinson, W. T. Milner, and R. O.
Sayer, Phys. Rev. 170, 1172 (1968).

9. Christy, I. Hall, R. P. Harper, I. M. Nagib, and B. Wakefield,
Contribution to the International Conference on Properties of Nuclear
States, Montreal, (1969).
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(c) 4°Ar +1307e
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Fig. 1
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