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AN'EVIDENCE-FOR OBLATE DEFORMATION OF THE 9/2- ISOMERIC STATE IN 199Tl-r

K. Nakai |

Lawrence Radiation ‘Laboratory
“University of California
Berkeley, California 94720

July 1970

The possibiliﬁy.is diséuséed of deducing the sigﬁ of the intrinsic
quadrupoie moment of a nucleus from the sign of the»measured mixing ratio.of
E2 - M1 mixgd transitions ip a rotafionalvﬁand; By this method experimental
confirmation is pointed ouf fof fhe‘previously proposed oblate deformation of

199

the 9/2- state in T1.

It is well-known that the sign of the mixing ratio & of an E2 - M1

mixed transition in a rotational band is given as [1];

o e - o
sign 6 = sign <_K_é—i> | (x # 1/2) ,

o)

where gk and gﬁ are the infriﬁsicbénd rotatioﬁal g-factbrs,»respectively, and_
QO 1s the intrinsic electrié quadrupole moment. ~In this letter we wish to
point out that in somé cases one can reasonébly_assumekthe sign of the

(gK - gR).term.and sb dgduce the sign of Q_ from_a measured sign of the

mixing ratio 6.. Since, génerally, it 1s not easy to determine the sién of-
Q05 this could provide a.convenient méthod fér determining ﬁhether a nucleus

has prolaté or oblate deformation

+Work pefformed under the auspices of the U. S. Atomic Energy Commission.

On leave from: Osaka University, Osaka, JAPAN.
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The magnetic moment of & rotational nucleus is given-by
1

u=TET [gg I(I + '1‘) + (g - gR) K2] -

- From this formula we derive;

Ltd g =H021) (g,
A S

therefore,
vsign (gK -AgRj = sign (g —»gR) -.“

ifvfhe.mofién of'ali pfot&ns aﬁd neﬁtféﬁs are éollectiﬁe,:tﬁe value of
gg is equal tb Z/A { = 0.4).  There is expérimentai'eVidence; howéver,
showing the value to be 0.3 - O;H,‘soméﬁhaf smailer than Z/A. 'This is‘generélly
attributed to the differént cohtributiéhs.tdifhe rotational motion of protons |
and neut%ons;tdue to the &ifferencéiih streﬁgth‘of the paiﬁing forcés. One
can, therefore, generally assume; 0.3 < éR <‘o.h.'v

On the other hand, with very few exceptions, the valuesvof megnetic
moments are between the two Schmidt values corfesponding'to I = R*1/2. This -
group includes single;particle:states in rotational nuclei.

| Based_op'these'two weli—known properties, oné.can expect a positive

value of (s - gR), therefore (gK__ 5&), for any Qdd-prqtép.band whose.intrinsic'ﬁi
spin is iargér than 5/2,‘and a negétivevvalue for any'odd—neutron_band with
spin highef than ll/é (fig. 1). .As can bé seen -in fig. 1, these'éiéhé of
(g - gR) appear to hol&_with high'probability  for_s6mthat'lower spin states'.

as well. Then, by determining the sign of the mixing ratio, the sign of the
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intrinsic quadrupole moment; Q&,'could be determined without measuring either

" the magnetic moment or the transition probabilities.

Ih-a slightly different~cohfext, for nucléi wifh prblate defofﬁafion
(Qoﬁ’.O), Newtbh Ié] has pointed out a fule that the sigﬁs of the mixing ratios
are expeéted ﬁb be.pééifive.fof‘1-2’5/2 in odd—proton bands and.mostvfrequently
negétive in odd-neutron bands. There are mahy cases whiéﬁ fdllow this‘rule
because most-deformed'nuclei appeéf'to ha#e a prolate shape. A striking
199,

exceptlon to this is the cage of the X = 9/2- band in T1.

\ Newton, Cirilov, Stephens, and Diamond I3] proposed the p0351b111ty of

oblate deformation of the 9/2- isomeric state in 199

T1 and other odd-mass T1
isotopes {A = 191+ 201). Thislﬁaé done in order to explaih the_systemétic
behaviour of the)9/2— states and associated states of higher spin in these
nuclei. These states of higher Spin were consideréd to afise from é strongly
Coriolis-mixed rotational band based on the 9/2- state (fig. 2). Evidence from
gamma-ray.branching ratios and E2 - M1 mixiﬂg ratios within the proposed band_
supported this conclusion; the signs of the mixing.ratioélwere found to be‘
negative. From the discussion above it is probably safe to assume that

(gK —-gR) > 0 for the K = 9/2~ odd~proton state even though there is strong

Coriolis mixing. Hence the observed negative sign for ¢ implies that Qo must

‘be negative, in agreement with the proposed oblate deformation.

\

We are 1ndebted to Drs. J. O. Newton, 5. D. Cirilov, F. S. Stephens,

and R. M. Diamond for valuable suggestions and stlmulatlng dlscu331ons
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_gigure,Captiene
Fig. 1. Magnefie momehtsvof odd—pfeten.(a)\end'od§~neutfon.(53 nuclei. Opeﬁ - _: |
circles ihdieate nueleiIOf mass humberjA'Z_iObr' Memehfs'whose"eigns have
veot been deterﬁined are‘not shown ﬁnless the eiéne can be reasqnably
aseumed.,jThebmoﬁents of the high‘spin.memﬁers in:rofetienel‘bands are
excluded;;

' Fig.:2;_ 9/2-”band in'lgng from ref. [3].
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. '

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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