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UCRL-19923 

The static quadrupole moment of the first excited state in 36Ar has 

been measured by the reorientation effect in projectile Coulomb excitation. The 

results are Q(36Ar , 2+) = (+0.11±0.o6)b and B(E2; 0++ 2+) == (O.032±O.OOS)e2b2 . 

A series of experiments [1,2] has been carried out at the Berkeley 

HILAC to measure quadrupole moments of the first excited states of even-even 

nuclei in the 2s-ld shell. The method used was to measure the reorientation 

effect [3] in projectile Coulomb excitation; the sensitivity to the effect is 

a factor of five or more greater than in the usual target reorientation method, 

so that the uncertainties in the results are correspondingly reduced.' The nuclei 

whose first-excited-state quadrupole moments were previously measured using this 

method [1,2J are 20,22Ne , 28Si , 328 , and 40Ar . Recently Ii number of Hartree-

Fock calculations have been published for the 4n nuclei in the 2s-ld shell [4]. 
20 24 ' ' ) The experimental results on the shapes of Ne, Mg(prolate shape;Q > 0 

o 

~nd 288i (oblate shape; Q < 0) are reasonably well reproduced by the 
o 

calculations, but the 

t Work performed under the auspices of the U. S. Atomic Energy Commission. 

tt On leave from Osaka University, Toyonaka, Osaka, Japan. 
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32 ," 
result on S(~o > 0) is not. TAe change of sign of ~ between 28si and 328 

, '0 

appears to indicate a difficult;)" in predicting deformations of nuclei in this 

36 region of the 2s-ld shell. We then became interested in Ar, and so measured 

the static quadrupole moment of th~ first 2+ state of this nucleus by the same 

method as in the previous experiments. The details of the method are described 

in ref. 1. 

36 ' 
The Arbeam was accelerated to ;....., 150 MeV by the HI LAC and then struck 

a 206pb target (;.... 1. 5mg/ cm2). Ga:mma-ray spectra in coincidence with a ring 

counter for particles scattered at 1600 and with a circular particle counter at 

o 
90 have been taken simultaneously. The ratio of the y-ray yields of the 

6 ' '. 206 +' 
projectile, 3 Ar(2+, 1.970 MeV),to those of the' target, Pb(2, 0.803 MeV), 

at each angle (R90 , R160 ) were obtained, together with the double ratio 

.0 = R160/R90, h . f' 1 ~ as s own ~n ~g. • The solid lines in the figure are the best 

fits obtained by least-square fitting using the deBoer-Winther Coulomb excitation 

program. The two parameters determined in the fitting were: 1) the intrinsic 

quadrupole moment Q from theB(E2,' 0+ -+ 2+), and 2) the ratio of the static o ' 

quadrupole moment Q of the 2j state to the rotational moment ~ deduced from 

Q
o 

[7]. For the target excitation the B(E2, 0+ -+ 2+) in 206pb is known [5], 

but the static moment of the 2+ state is not, so that w,e assumed 

Q(206pb , 2:t) =o.o±o.5IQr{206pb, 2+)1. This assumption introduces some 

i 
uncertainty into the result; ,however, as di.scussed in the previous paper [1], 

this method of comparing with target excitation measured simultaneously has a 

number of advantages. 

Corrections have been made for; 1) the attenuation of the y-ray angular 

distribution; 2) the finite solid angles of both particle and y detectors; and 

• 

fI 
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3) the change of ,detection efficiency of y ... rays due to the recoil motion. The 

lack of data OIl the tran!3ition probabilities between the ground" or first excited 

• , 36 state and the other 1 ow...., lying states inAr made the correction for effects 

I,) due to those states ambiguous. These effects were estimated using deformation 

parameters determined from inelastic scattering experiments I6], and rather 

conservative errors were included for these corrections. The static quadrupole 

moment obtained is 

with the positive value of the moment indicating an oblate shape for the 

nucleus. 

In fig.,2 we have added the new point to a model-dependent plot of Q 
- , . 0 

in 2s-ld shell nuclei which was published previously (2). Three noticeable 

features in this plot are the remarkably similar magnitudes of I Qol obtained 

( + +) , from the values of B E2, 0 +2 measured for the seven doubly-even nuclei, 

the rather large positive static moment Q of 32s, and the'fact that the 
o 

static moments are - 30% larger than the rotational value for the light nuclei, 

20,22N 24M, T 1 e, g. he ast two features were rather unexpected. It now appears, 

however, that these features may be examples of a general trend toward more 

positive values for the moments. 

1) It could bedtie to a systematic experimental error. This seems somewhat 

unlikely because three different types of experiments [1,8,9J in the Ne - Mg 

region showed the same size deviations from the rotational values. 2) There 

may be some unknown ~ffect (s) ,not included in the analys is of the Coulom'b 

excitation process. Such effects are much more likely than (1) to affect all 
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three types of measurement· in a similar way. It is hard to exclude this 

possibility entirely. 3) This may be a. real nuclear effect which results from 

some collectiv~ (brat least systematic) property of these nuclei that is not 

yet completely recognized. 
, 

We are indebted to the HILACcrew for their help during the experiments. 

We wish to thank Drs. J. R. Leigh, K. H. Maier, and J. L. Quebert for their 

interest and discussions. One of us (K.N.) is grateful to the Lawr.ence 

Radiation Laboratory for the excellent working conditions. 
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Table 1. Summary of the least-square fitting. 

206pb Tarset 

:S(E2, 0+ -+- 2+) 

2 10-50 4 
e x cm 

9.1±0.6a 

a 
Reference 5. 

Values 

Q(2+) 

b 

+0.51 Q I ", r 

0.0 
, 

Qr I -0.51 

b.0±0.51 Q I b 
r 

B(E2, + o -+ 

2 
e x 10-50 

3.2±O.5 

3.2±0.5 

3.2±O.5 

* 3.2±O.5 

Result for 

+ 2 ) 

4 
cm 

UCRL-19923 

"36 
Ar 

Q(2+) 

b 

+0.O91±0.052 

+0.107±0.052 

+O.124±0.052 

* +0.11 ±0.06 

bAssumption; 

model. 

I' Q I is the value calculate,d from the B(E2) u,sing the rigid-rotor 
r 

* Possible systematic errors of (±5%) have been included.. 

~ 

/ .~ ",...-

. f 
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Figure Ca;ptions 

Fig. 1. Result o·f the experiment and analysis. The solid lines a:re the best 

fits and the dashed lines show the curves for Q = 0 or ± 1 Q I. The arrow 
r 

indicates the safe energy, E , defined in ref. 3. s . 

Fig. 2 •. Intrinsic quadrupole moments, Q 17J ~ in the 2s-ld shell nuclei. The .. 0 

36 present result on Ar has been added to the figure from ref. 2. The circles 

indicate the Q of the first-excited 2+ states deduced from measured static 
o 

quadrupole moments by: the present method (double circles), the method of 

the Chalk River group I8] (closed circles) and that of the group at 

Heidelberg 19J (open circles). The squares indicate the values calculated 
.. .. + + 

from measured B(E2, 0 -+ 2 ) values. The intrinsic moments of odd-A nuclei 

deduced from the spectroscopic quadrupole moments (assuming K = I except 

for 19F* (K = 1/2, I = 5/2) are shown by the diamonds .• 
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