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Abstract: 

A canpa.rison ot experimental and calculated magnetic moments of' odd-A 

spheroidal nu.cJ.el gives strong evidence that there is a. reduction of the magnitude 

of the effective g
8 

£actors by ,.. 1.5 units below the magnitudes for free nucleons. 

The seriousness of Coriolis interaction effects on ~ for one class of nuclei is 

also illustrated. 
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Mottelson and Bil.sson have g1 ven a comp1lat10D. ot ca.lcu.l.ated and a;per1mental. 

masnetic momente oi' the oM-mass deformed nucle1.1 We have examined the disagreements 

therein with respect to two principal. questions: First, is there evidence that g s 

factors "quenched" or rech&ced in mapi tude are more appropriate than the tree nucleon 

values traditionally assumed tor suoh oalcule.t1onst Second, are there significant 

deviations to be a.seociated with configuration admixture of wave function components 

with differing IC (aagu.J.ar momentum proJection) quantum numbers! 

'lbat class of nuclei baYing particularly large j val.ues for the odd nucleon 

will be eqpeci~ susceptible to appreciable Coriolis mixing of different K•v1llues.
2 '3 

Somewhat arbi trar1ly we sba.ll single out in this class states of oM parity in the 

50-82 shell <llu;a>" even pa.rtt;y in the 82-126 shell (i1312), and odd parity in the 

>126 shell (J
15

; 2). We list in Table I those nuclei not felling into the above class, 

and hence expected to be less subJect to magnetic moment corrections arising from 

Co;-iolis effects. .A.l..so excluded are I = ~ nuclei, which need e. special analysis. 

Tbe nuclei are grouped in the Table according to the asymptotic quantum number 

L (projection of intrinsic spin) in order best to display the contributions of the 

intrinsic spin to the magnetic moment csiculations; 1 ~,fJ. (!~.!'l -:is positive or 
\ ,;4>:~ 

negative accordingly u E is pOsitive or nege.ti ve. 

We note that tbe deviations are of the same sign witbin each group. In the 

t'1naJ. column we calculate tbe g value that would be required to give exact agreement 
8 

with the experimental moment. For the calculations we used NUsson's wave functions, 114 

at a deformation of 6 == 0.3 and assumed somewhat arbitrarily a. 8tt of Z/A for odd-Z 

and a !i\ of Z/?.A for odd-B. 

* This work was carried Qut under the auspices of the U.s. Atomic Energy Commission. 
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Deviations of f' from )t)ttelson .. Nilsson 1heoret1cal values •1 

Class 

Odd-Z 
\t = + 1/2. 

Odd~· 
I. = - l/2 

J.ltheo 

'l'bl59 0 .>, 3/2 

Te.
181 482 5/2 

Re185 0 5/2 
Re187 o 5/2 

2.2 

3·7 
3·7 
3.7 

Gd155 0 

Gdl57 0 

Ybl73 0 

ny!63 0 

Jil-77 0 

u233 0 

5/2 0.9 
7/2 1.4 
7/2 1.4 
7/2 1.5 
5/2 1.0 
5/2 1.0 
5/2 1.0 

3/2 .. -5 
3/2 - -5 
5/2 - .8 

5/2 Ll 

7/2 1.4 
5/2 -7 

:t l.5b 

3-3 
3.14 
3-18 

1.5 
e.o 
2.0 

2.1 

1.4 
l..4 

1.4 

- ·30 

- ·37 
.. .67 

Difference 

"th- .. ~ex 

-.6 
.... 6 
... 6 
.... 4 

... 4 

•.• 2 

... lj 

... _.13 
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Calculated 
ga 

8 

2.2 
4.5 
4.1 
4.2 

3.0 

3-9 
3-9 
3.6 

3-7 
3.7 

3-7 

-2.3 
.. 2.6 
-2.8 

-1.7 
-1.5 
... z.3 

a.. This is the g
8 

value required to g1 ve exact a.sreement with the experimental 

magnetic moment using lfilsson • s wavf :t\mctions at 6 = 0. 3 and a.asuming for odd-Z -- ~. 

that ~ = Z/A and for odd•lii that.~· • Z/2A. 

b. These "· values determined by pa.ramagnet1c resonance are probably too· small in 

ms.snitud.e becaua,e (r'"3) values used were too la:rge a.ecording to cs.lcule.tions by 

B. R. Judd end I.P .lt. Lindfp!-en (Un1vere1ty of California, Lawrence Radiation 

laboratory Report 91.88, Ma.y 196o 1 unpublished) • 
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The proton data of Table I strongly suggest that the effective g factor s 

for protons in nuclear matter is roughly ...,q. instead of the free vel.ue 5.585 

customarily used. Such a. change would bring the proton vaJ.ues of Table I into 

rema.rk&bly good agreement .• 

The neutron a&ta ere fewer and scatte1· more. This scatter is perhaps a 

reflection of the relatively greater Coriolis admixture in the neutron cases, or 

1t may reflect a.n inade~y 0'£ the NUsson w.ve functions themselves. The sense 

of each abv1ation does, however, tndi.ca.te that the magnitude of the effective g
8 

factor for the neutron. in nuclear matter is less than the free value ~J = 3.826) 

used in the ~culations, The fact that the t = + l/2 neutron group deviates less 

than the t = • l/2 group suggests that the effective ~ value for the odd neutron 

nuclei should be red:uc~d below the Z/A value. 
f 

At first thouJt the reduction o:f' the collective motion ~ factor for od.d-N 

&nd not' for odd-Z nuclei &eems uns}'JDJDetricsl. and tmnatural. We would point out that 
\ . 

~ values determined for even--even nuclei in ~ rare earth region show velues 

averaging less tban Z/A. Thus the effective &,a for odd·Z nuclei may be somewhat 

larger than tor neighboring even-even nuclei, and the 3a for <Xid•N nuclei, somewhat 

smal.ler. A lj!t1o!!i!,,for such a ~ shift ma.y be provided by cons1derationsaf' the 

pairing correlations • That is, if we add an odd neutrotl to a deformed even-even 

nucleus we block one orbital from ~ neutron pairing correlation, reducing the 

effective energy gap :tor neutrons and altering the population o:f neutron orbitAls by 

pairs in such e. way as to increase the· share of rotational e.ngular momentum carried 

by the neutron pairs, l"E!la.tive to proton pairs. Such a. change would reduce sa• The 

same argument for odd-Z nuclei woW.d give an increased !?ig• .Bernstein and d.eBoer have 

me.de an analysis·· Of magnetic properties of deformed nuclei and find evidence for ~ 

being lower than Z/A for both odd·Z and odd-N but lowest in the odd-N.,' .. 
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Magnetic moment cal.culations fo.r odd-odd. deformed nuclei such as Eu154, 
16o 176 . 6 

Tb , and LU have shovn rather satisfactory a.greement. It should be pointed 

out that these nuclei, a.nd indeed moat of the ground states of odd.odd nuclei, 

obey the Ga.lla.gher-Moszltowski coupling rule, 7 that the_ intrinsic spins of proton 

a.nd neutron a.re para.l.lel. In this state the proposed reductions of e;
8 

for proton 

• and neutron will nearly ca.neel. 'l'b.ose odd•odd nuclear sta.tes w1 th proton and neutron 

spins anti-parallel,such as the long-lived isomer in Ro1~ should show magnetic 
•· 

moments shifted from calculations using free-space g
9 

values. 

The analysis of moments of the odd-A nuclei with larger Coriolis admixtures 

needs to ~~e into account important odd"diagonal contributions to the magnetic 

moment. For example, the calculations 8 of Ma.rshaJ.l t'i tting the even parity levels 

of Pe.
233 give a \18.ve 'function for the 87-kev level 0:: = 5/2+)of l!f = 0.94 ~ = 5/2} 

+ 0.34; JK = 3/2) + .09 IK = 1/2}. The principal effect of this K a.dm.ixture on the 

magnetic moment comes from an off·c11a.gonal contribution between K = 5/2 and 3/2 components. 

This contribution w estimate as about + 1.1 nm.. The ca..lculated moment for the pure 

K = 5/2 state at deformation e = 0.2 using Nilsson's wave functions and g = 4 is s . 

+ 2.6 mn. Taking into account aJ..1 components we predict a magnetic moment of 3.8 nm. 

for the 87-kev state in Pa 
233

• Thirs state ha.e a half-life of 37 mill:tmicro seconds, 

and its magnetic moment may be measurable by eA~ernal field attenuation of a•r 

angular correlation with Np 237. .As another example the Coriolis mixing is not ex-

2-;;>7 
pected to be as large in the 5/2+ ~round state of Np J 1 perhaps a 

312
- 0 .1, lead• 

ing to a cs.lcul.ated I~~&gnetic moment of around + 3.0 nm. It will. be noted that our 

. 10 
theoretical. moment is the same as that of Mott.elson a.nd Nilsson, the effects of 

lowered g
6 

and Oor1olis mixing exactly cancelling each other. Experimental measure

ments are + 6 ± 2.5 nm.9 and v. = 2.70 :om. 10 
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