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K. Nakai tt 
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July 1970 

The possibility is discussed of deducing the sign of the intrinsic 

quadrupole moment of a nucleus from the sign of the measured mixing ratio of 

E2 - Ml mixed transitions in a rotational band. By this method experimental 

confirmation is pointed out for the previously proposed oblate deformation of 

the 9/2- state in 199Tl. 

It is well-known that the sign of the mixing ratio <5 of an E2 - Ml 

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

sign k· sign ('Ie ;;0'R) (k ~ 1/2) 

where gK and ~ are the intrinsic and rotational g-factors, respectively. and 

Qo is the intrinsic electric quadrupole moment. -In this letter we wish to 

point out that in some cases one can reasonably assume the sign of the 

(gK - gR) term and so deduce the sign of Qo from a measured sign of the 

mixing ratio o. Since, generally, it is not easy to determine the sign of 

Qo ' this could provide a convenient method for determining whether a nucleus 

has prolate or oblate deformation 

tWork performed under the auspices of the U. S. Atomic Energy Commission. 

tt 
On leave from: Osaka University, Osaka, JAPAN. 
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The magnetic moment of a rotational nucleus is given by 

1 
\.l = ~=--~ 

1'+ 1 

From this formula we derive; 

therefore, 

2 
[~ 1(1 + 1) + (~ - ~) K ] 

= 1(1+ 1) (g _~) 
K2 -.t{ 

sign (~ - ~) = sign (g ~.~) • 

UCRL-19925 

1fthe motion of all protons and neutrons are collective, the value of 

gR is equal to Z/A ( :::: 0.4).· There is experiIliental evidence, however, 

showing the value to be 0.3 - 0.4, somewha't smaller than' Z/A.This is generally 

attributed to the differellt contributions to the rotational motion of protons 

and neutrons, due to the difference in strength of the pairing forces. One 

can, therefore, generally assume; 0.3 < ~ < 0.4. 

On the other hand, with very few exceptions, the values of magnetic 

moments are between the two Schmidt values corresponding to I = ~±l/2. This 

group includes single-particle states in rotational nuclei. 

Based on these two well-known properties, one can expect a positive 

value of (g ..:. ~), therefore (~ - ~), for any odd-proton. band whose intrinsic 

spin is larger than 5/2, and a negative value for any odd-neutron band with 

spin higher than 11/2 (fig. 1). As can be seen in fig. 1, these signs of 

(g - ~) appear to hold with high probability. for somewhat lower spin states 

as welL Then, by determining the sign of the mixing ratio, the sign of the 
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intrinsicQ,uadrupole moment, Qo ' could be determined without measuring either 

the magnetic moment or the transition probabilities. 

In a slightly different context, for nuclei with prolate deformation 

(Q > 0), Newton [2] has pointed out a rule that the signs of the mixing ratios 
o 

are expected to be positive for I ,~ 5/2 in odd-proton bands and most frequently 

negative in odd-neutron bands. There are many cases which follow this rule 

because most deformed nuclei appear to have a prolate shape. A str'iking 

exception to this is the case of the K = 9/2- band in 199Tl. 

Newton, Cirilov, Stephens, and Diamond [3] proposed the possibility of 

oblate deformation of the 9/2- isomeric state in 199Tl and other odd-mass Tl 

isotopes (A = 191-+-201). This ''Was done in order to explain the systematic 

behaviour of the 9/2- states and associated states of higher spin in these 

nuclei. These states of higher spin were considered to arise from a strongly 

CorioUs-mixed rotational band based on the 9/2- state (fig. 2). Evidence from 

gamma-ray branching ratios and E2 - Ml mixing ratios within the proposed band 

supported this conclusion; the signs of the mixing ratios were found to be 

negative. From the discussion above it is probably safe to assume that 

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

CorioUs mixing. Hence the observed negative sign for 0 implies that Qo must 

be negative, in agreement with the proposed oblate deformation. 

We are if!(:lebted to Drs . . J. O. Newton,S. D. Cirilov, F. S. Stephens, 
,r' ; ..• ~ 

and R. M. Diamohd for valuable suggestions and stimulating discussions. 
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Ji'igureCaptions 
, 

Fig. 1. Magnetic moments of odd .. proton (a) and odd-neutron (b) nuclei. Open 

ciroles indicate nuclei of mass number A > 100. Moments whose signs have 
'" 

not been determined are not shawn unless the signs can be reasonably 

assumed. The moments of the high spin members in rotational ,bands are 

excluded. 

Fig. 2. 9/2-band in199T1 from ref. [3]. 
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LEGAL NOTICE 

This report was pntpared 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 pt'epares, 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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