Lawrence Berkeley National Laboratory
LBL Publications

Title
Quadrupole Moments of First Excited States in 28Si, 32S, and 40Ar

Permalink

bttgs:ééescholarshiQ.orgéucgitemg8wc5201ﬂ

Authors
Nakai, K
Quebert, | L
Stephens, F S

Publication Date
1970

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8wc5z01f
https://escholarship.org/uc/item/8wc5z01f#author
https://escholarship.org
http://www.cdlib.org/

Submitted to Physical Review Letters UCRL-19544

) Preprint
D C . 2 .

viaR 17 1970

LIBRARY AND
DOCUMENTS SECTION

QUADRUPOLE MO%ENTS OF FIRS "16 EXCITED STATES IN
S AND "“Ar

LK

52

K. Nakai, J. L. Quebert, F. S. Stephens, and R. M. Diamond

January 1970

AEC Contract No. W-7405-eng-48

- ™
TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, cqll

Tech. Info. Division, Ext. 5545

LAWRENCE RADIATION LABORATORY¥

\\ UNIVERSITY of CALIFORNIA BERKELE 5
Wy, |

= C
PPG6T-TYDN



DISCLAIMER -

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



- - UCRL-195kk

QUADRUPOLE MOMENTS OF FIRST EXCITED STATES IN 28Si, 3 S, AND OArk
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ABSTRACT

. : : ' : 28 ...
Static. quadrupéle moments of the first excited states of $Si, 328,

and OAr have been measured using the reorientation effect in~proje¢tile‘

28

' o v t - -
Coulomb»excitation. The results obtained are  Qf Si,2 ) = +0.11*0.05 b,

(32 o)

+ . '
Q S,2 ) = -0.20%£0.06 b, and -Q(

+ _
Ar,2 ) = +0.01%0.0k b.
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. The reorientation effectl'in projectile Coulomb excitation provides a

sensitive way to measure guadrupole moments of light nuclei. This method was
o L - . . : 2

successfully applied to the measurement of the gquadrupole moments of ONe and

22 + ' ’ . » :
Ne (2 states).2 In the present work the first excited states in 28Si, 328,

and hOAr haVe been studied using beams from the Berkeley Hilael 'These meas-
uremeets indieateian oblate shape for 28Si, a.prolate shape.for.Beé, and e
spherical shape,‘ﬁithin.experimental error, for OAr.

The methdd used wes almost exactly the saﬁe—as in the Ne experimen§.2
The'Y—ray yielie'from excited projectile and target nuclei at twobpfojeetile—
scattering angles (1600 and 905) were'meaeured simultaneously as pafticlefy'
coincidenceevbetween a Nal cOﬁnter (7.5.cm ><7.57cm) end.e particle cdunter at
each angle. A multidimensional—anelysis pregfam fer the Hilac ?DP—Y was uSed
»to stere a Y-ray spectrum, a‘miked ﬁaftiéle sbectrﬁm'ffom the two counfers,‘and
a time spectfum; In order to identify the particle counters in offeline enaly—
eis,.the fast timing signals.from one of the particle.counﬁers were delayed io
prodgce two prompﬁ peaks_in.the time spectra. The ratio of the.excitation

probability of the projecﬁile to that ef the target at each angle was. deduced.
| 160 _ 160, 160, A
) ° ( / )s

= M/,

from the measured coincidence y-ray spectra as: R

,.RQO

Ep/Ep

= (Ngo/Ngo) . (ET/E ), where N 1is the integrated area of a photo-péak
in the spédtra,'and € 1is the photo—peak'efficiencyvof the Nal counter:
Superscripts indicafe the scattering angle and subscripts‘distinguiSh between
vl (DY o . , 160,90, - e ’
projectile (P) and target (T). A double ratio, & = (R* /R7"), was also cal-
culated which'yas:less sensitive to many kinds of instrumehtal effects and to
uneertainties in the B(E2) values of both projectile and target excitations.
These ratios,vafter several corrections were made, were compared with calcu-

lated values_using'the deBoer-Winther Coulomb excitation program.



. . .
‘accurate B(E2',‘O+ + 2 ) value of 06
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" This method is adﬁantageous, bécause the excitation probability of the
projectile is éonsiderébly more seénsitive to its quadrupole moment than that of
the target is té its moment. By measufing the target and projectile excitations
simultanéously, seVeral_kinds of experimental uncertainties and instabiiities |
caﬁcel out, and by the proper‘choice ﬁfvtargét nuclei, ambiguities involved
in its excitation_ can vbe minimized.‘ However, the estimation of the reorienta-
tion effect in the target excitétibn~was more serious ihvthe present éase than
in the Ne éxpefiment; because the‘tafget ﬁﬁclei-were'excitéd'by heavier
projectiies.

Sihcé it was difficult to gét léw—energy beams of these préjeétiles at

206

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

L 2 o : .
of OAr, targets of . OSn and l30Te were used as well as 2O6Pb. Because an

Pb was needed, it was determined in sepa-

. rate experimenfs by a lifetime measurement of the 2+ state using the Doppler-

shift'fecoil—distance’method.u The static guadrupole moment of the 2+‘sta£e
in 2%%pb yas assumed to be 0.00.5]g_|.”
. T

The attenuation of the Y—rayvangular.diStribution'has been corrected

2

using attenuation factors? G and GM’ determined in‘separate experiments. The
interaction producing the attengation'was aséumed to be magnetic. The correc-
tion to the y-ray angular distribution and to the detector sblid'angle due to
the mbtion oflfhé'y—emitte? was calculated by a numerical»méthod. The higﬁer
velocities of projectile_and regoilihg target nuclei ihtroduced larger correc—

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

to these corrections are stiil only a small_parﬁ of those in the final results.
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Figure 1 shows the experimental results with best fits and calculated

5

curves assuming Q = 0 and th, The best fits were obtained by least-sguare

fittings to the experimental ratios. Because only two of -the three ratios
160 .90 @y oo s U N . S
(R , R7°, 8®) are independent, a correlated weight function was used in the

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

+

- oo+ - o ‘ j
other low-lying 0 , 2 , 4, and 3 states were estimated using experimental-

6)7 ’8

data when_available.' No‘cbrrection was applied unless the effect could

be reliably calculated from experimental data, but additional uﬁcertainty was
' o + 4 ‘ ' . :
given to the final values of B(E2, 0 - 2 ) and Q. Corrections due to the

effects of Eh‘mbments'were also calculated using B2vahd Bh from the (p,pf) 

9 32

experiment” for 28Si and 7S, but for hoAf only an estimated uncertainty was

intluded. No correction was made for simultaneous excitation of projectile
and target. The uncertainties introduced due to these effects were rather

large, and could be appreciably reduced by further experimental information.

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

+
2

(3.78, 4.29; and L.k6 MeV)_and the first excited state in 328 made a considerable

4

relatively large B(E2) values for the transitions between O, , 2,, and hi states

=-0.1hb>Qq  =-0.20b).

10
O)

change in Q(328) (QunCOI‘I'

. + i .
The intrinsic gquadrupole moments, Q of the 2 states in the s-d

shell nuclei deduced from the presént'projectile—excitation method are sum--
11-15

‘marized in Fig. 2 together with values from other measurements. The
. 28, . , ' ‘11

present result for Si agrees with a previous measurement. - The prolate

shape (QO > O) of 328 was somewhat unexpected; however, in this massvrégion

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

for prolate and oblate shapes,lélso 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

- ' ’ T : ' 28 /At
- regard, the different signs' of the intrinsic quadrupole moments of si(2 )

328( 338(

‘ _ L N L . 1
Cand 27Al(5/2+) and of 2 ) and 3/2") are more striking. There are d

number é?’pQSSiblé‘reésons why thé sign évaO for an odde nucieus'might be
different from.that of a neighboring eﬁen—even one. Two rather obvious pbs—
sibilitieé are: ‘1) if ﬁhe state is a member of aK=1/2 band, the sign

of QO will be oppésite to that shown in the fiéure,‘énd 2) if

~two shapes lie at nearly the éame energy; the one preferred could bé changed
by the-addition orbrémoval of a particle.frbm an orbital ﬁhose energy_dépends
strongly 6n déformation. For‘all,odA—A nucléi in this regioﬁ, thevsign éf

the quadfupole momentvis correctly»gi?eniby the position Of:the'ﬁucleus oﬁ the
Nilsson singlé—barfiélefdidgfaﬁ as défermined by its ngéleoh'number and the
ground-state spin. 'The small static moment of hOAr(2+) (spﬁerical'

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

shell.
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VFIGURE CAPTIONS
1. Typical results. of the experiﬁents and analysié. The sqlidylines'
are the best fits (corresponding to an uncorrected Q)vand the dashed
lines show the curves for Q = 0 or iQr, The arrows indiqéte the ”safe
energy" (Es)'defined in:Ref. 1.

O’lO in s-d shell nuclei. The cir¢les

2. Intriﬁsic-quadrupole moments, Q
indiqate the intrinsic momént$ of firstféxcitéd 2+vstates detéfminéd from
measufed static quadrupoie moments by:_ the>present.méthba.(double circles);
the metﬁod_df the Chalk River group (éloéedvgircles),}and thét'of fhe-éroup

at Heidelberg (open circles). ~The squares indicateé the values,calculéted

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

* X .
except for 19F (K = 1/2, T = 5/2)) are shown by the diamonds.

]
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Table I. Summary. of the experimental'results;

‘Basis of calculations Result (projectile)
Target B(EE, 4 target) Q(target) - B(E2, ot - 2+) Q(2+)
5 , . . . ) |
Zx10770 cmh : (v) e?x107°° cn” (b)
(a) Bsi (1.78 mev) -
06 " s +0. >|Q | 3.3%0.4 0.126+0.0L5S
Pb 9.1£0.6 0.0 3.3£0. 4 0.110%0.0k5
: -0.5]a_| 3.3%0. 4 0.09840.0k5
Summary 9.110.6a  (0;010.5|Qr[)b © . 3.3#0.4 . +0.11 #0.05
() 35 (2.2h Mev) :
006 . +0. 5lQ ] 3.3%0.5 -0.192%0.055
T TPb 9.120.6 0.0 3.3%0.5 -0.202+0.055
S o 'O‘Sler 3.3%0.5 -0.215%0.055
Summary 9.10.6" _(0,‘0«:0.5[@11‘[)'b 3.3%0.5 -0.20 %0.06
(¢) *Car (1.46 Mev) - -
: » +0.5]q_| 3.4+0. 4 0.032%0.0L0
23.01.2° 0.0 3.440.1% ~0.02140.0k0
120 -O.SIQr| 3.40.4 ~0.081£0.0k0
23.0¢1.2% (0.0iO.Sler)b 3.420.4 -0.021+0.065
1307e 30+3¢ 20.15%0.20%  3.20.6 0.019+0.062
. +0.5]Q_| 3.0£0.5 0.052+0.072
9.10.6 { 0.0  3.0%0.5 = 0.040%0.072
- 2065, - t-0.50q.] 3.0%0.5 0.022+0.072
9.1%0.6% (0.0%0. 5IQ )P 3.040.5 °  0.040%0.075
Summary ‘ : (AQerage) : 3.2+0.5  +0.01 +0.04

®Reference k.

_bAssumption: Qf is the value calculated from.the B(E2) using the rigid-
rotor model. ’ ) :

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

dA. Christy, I. Hall, R. P. Harper, I. M. Nagib, and B. Wakefield,
Contribution to the International Conference on Properties of Nuclear
States, Montreal, (1969). h
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0 F* NeNaMg AlSi

Fig. 2
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