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QUADRUPCLE MOMENT,OF”THE FIRST EXCITED STATE IN 36, T

" K. Nakai |, . S. Stephens, and R. M. Diamond
 Léwrenée‘Radiétion>Laboratoty,
~ University of California
Berkeley, California '9h7201

Novgmber'l970

The static quadrupole moment of the firét.exciiéd state in 36Ar’has
been measured by-the reorientation effectvin pfojectiie Coulomb excitation. The
: 36 : : T U 2,2
results are Q(36Ar,-2f) = (+0.11%0.06)b and B(E2; 0 + 2 ) = (0.032+0.005)e"b".

- - -

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

HTLAC tovmeasufé quadrupole moments of the first excited states of even-even

nuélei'in_theFQSQld‘shell. The methpd used was to measure the reorientation
effect [3] in prpjectile Coulomb excitation; the sensitivity to.the effect is

a factor of fi&évof more greéter thanrin‘the usual'target'feorientatioﬁ‘method,
so that the uﬁéertainties in the results are correspondingly reduced. ' The nuclei
whose first—excited—state quadrupole.momenfs Wefe previously measured usingAthis' o

20,22 28.,. 32 40

method [1,2] are Ne, < Si, °“S, and = "Ar. Recently & number of Hartree- .

Fock calculations have been published for the kn nuclei in the 2s-1d shell [h4].
hEa , ‘ . e v _

‘The experimental results on the shapes of 2ONé, Mg (prolate shape;7Qo > o)

and 2881 (oblate shape; Q, < o) are reasonably well reproduced by the

calculations, but the

+Work performed under the auspices of the U. S. ‘Atomic Enefgy Commission...

++On leave from Osaka University, Toyonaka, Osaka,'Japan.
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result on s(Q6'> c) is not;i The change of sign of Q_ between 2051 and 25 B

appears to'indicafé a difficulﬁy in,prédicting.deformatiohs.of rmuclei in thié

'région of~the'2séia'shellﬁ Wé fﬁénibéCamé intérésiéa‘in 36Ar, and sb measured
bthe static-quadfup&le mdmént-of'thé first>2+_stafé of this nuéléuévby the same
' ﬁéthOd as in fhé.prévious éiperiménts. Thévdétails of'the méthod‘afé‘described

in ref. 1.,

The 36Ar!beam was accelerated to ™ 150 MeV by.the'HILAC and then struck
av206Pb targefA(*‘l.S'mg/cmZ). Gamma-ray spectra in coincidence with a ring

counter for particles scattered at 160° and with a circular parficle counter at

90o have beén taken simultaneously,~ The ratio of the Y-ray yields of the

206

Cprojectile, 3€ar(2*, 1.970 MeV), to those of the target, -°UPb(2%, 0.803 MeV),

at each anglé (Rgo, R;6O) were 6btained, togéther with the\double,iétio

= Rl6O/R90; as shown in fig. 1. The'solid lines in the figure are the best

(2t
fits obtained by.least—square fittingvusing,the deBoer-Winther Couiomb excitatién
~program, Thé,tﬁb parameterS determinedvin'the.fitting were: .l)'the intrinsic
quadrupoie moment QO from.fhe'B(E25.0+-+:2+), gﬁd 2) the ratio ofrthe staﬁic
quadrupolevmoment Q of the 2? state to_the'rotationél.moment Qr déduced’from

206

q, [7]. For the target excitation the B(E2, 0" + 2') in “ °Pb is known [5],

but the static moment of the 2 state is not, so that we assumed

Q(eos

PB; 2t = 0;0¢0.5|'Qr(2O6Pb, 2+)1.' This asSumpfion intféduces'some
. uncerﬁainty intbléhe result; however, as discussed in the previous paper [1],
this method of combaring wifh target éXcitation measuréd simulfaneously has a
numbér of advantages;' | ' |

Corrections have been made for: 1) the attermuation of the Y-ray angulari

distribution; 2)_the finite solid angles of both particle and ¥y detectors; and
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3)‘the'chénge ofldetéction efficiéhéy;qf Yy-rays due to the.reCOii motion. The

lack of data on the transition probabilities between the ground or first excited =

state and'fhéﬁbthér low-lying_stétés in 36Ar made thé-correcﬁion for effects
due té:thééé s£afésbémbigudﬁs; .Thesé éffééts.wéfé éstimafed using deformation
parémetérs détéfﬁinéd from'inéiastig sgattéring eipériménts IGj,vand féther.
cOnservafivé éfrofs wéré includéd‘for'thesé corfections. Thé static quadrupo1e
moment obtained is | |

| o(3ar, 2"> = (+0.1120.06)b.

with the poSifiVe Valuevéf thé.momént ihdicating an oblate shape for the.

‘nucleus.

In fig.f2_we'hav¢ added the new poiht to.a model—dependent:plot of.Qo

in 2s-1d shell nuclei wﬁich was published previously [2]. Three notiéeablé‘

features in thistplbt are the remarkably similar magnitﬁdes of | Qél obtained

L . : _ v o SR
from the values of B(E2, ot > 2 ) measured for the seven doubly-even nuclei,:
the rather 1argebpositive sfatic:moment'Qo‘qf 328, and the fact that the

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

20,22 2l

Ne, “'Mg. The last two features were rather unexpected. It now appears,
however, that these features may be examples bf a general trend toward more

positive values for the moments.

1) It could be die to a systEmétic experimental. error. This seems somewhat

unlikely because three different types of experiments [1,8,9] in the Ne - Mg
region showed the same size deviations from the rotational yalues. 2) There
may be some unknown effect(s) not included in the analysis of the Coulomb

excitation process. Such effects are much-mofe'likely than (1) to affect all
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three types of measurement in a similar way. Iﬁ'is hard to exclude this
possibility enﬁirely._'B) This may be é réa1-nﬁbiéar effect which results from
some collectivé (¢r'at least systématié)'pfbpérty of these nﬁclei.that is not

‘yet completely redognizéd,

‘ We'are ihdebted to the HILAC/creﬁ.fbratheif:help_during the'experiﬂents;

We wish to thank Drs. J. R. Leigh, K. H. Maier, and J. L. Québert for their
interest and discussions,{_bne of us (K.N.) iS‘gratefulfto‘the Léwrehce

Radiation,Laboraiory_fOr'fheiexéellent working conditions.
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-Tablé I. Summary of -the least-square fitting.'-

206

Pb Target Values

BlE2, 0V »2%)  qz

e2 X lOfSO th » b

B

Résult for 36Ar

(Eé, ot » 2.+). :v' ]T'Q(2+)

2 ~50 L

e

x 1077 cm » b

. 9.1%0.6

9.1£0.6" 0.0%0.5] Q. | K

3.2%0.5
3.2%0.5

3.2%0,5 +0.1240.052

3.2#0.5 - ~+0.11 $0.06

aReference 5. .

bAssumption; llQr| is the value calcuiatéd'from the,B(EZ)‘using the rigid-rotor

model.

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

. 40.091%0.052 .

+0.107+0.052 -
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Figure Captions
Fig. l.'_Result df thévekperiment_and analyéis. The solid_lines.éré the best -

. The arrow

fité_and the dashéd’liﬁéé'éhowfthe cufves fova.ﬁvO or t[ Qr‘
'indicatés'fhé séfe ehergy, ES; définéd-ip fef. 5; | ‘ | »
Fié. 2.’.Intrihéic'guadrupole moménts, Qé [7], in the.2s-ld shéll nuclei. The
preseht reéﬁlt on 36Ar has.béén addéd,to théifiguré frcm réf.'2. The cirtlés
indicate thé Qo of tﬁé fifst—éxciféd 2+ statés déduced'from méasured‘static
quadrupole moments by: the présént method (doublé ¢ircles), the method of
thé Chalk Ri?ér group [8]v(cloééd circlés) and:that of.the.group at
'Heidélbérg f9]T(opén circlés). The squaréé indicate the’vélues calculated
from méasﬁréd.B(EQ;.Q+-+ 2+) values. The intrinsic méﬁénﬁs.of'odd-A nuclei
deduced from the spéctroséopié Quadrupolé moments (aséuming K =1 except |
r IQF*-( | |

fo X = 1/2, T = 5/2)) are shown by the diamonds.
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any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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