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Abstract:

A_ compaerison of experimental and calculated magnetic moments of odd-A
spheroidal nucled gives strong evidenmce that there is a reduction of the magnitude
of the effective 8y factors by ~ 1.5 units below the megnitudes for free nucleons,
The seriousness of Coriolis inseraction effects on p for ome class of nuclei is

also illustrated,
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Mottelson and Wilsson bave given a compilation of calculated and experimental
magnetic moments of the odd-mase deformed zmclei.l We have examined the disagreements
the:ein with respect to two principel questions: First, is there evidence that 8
factors "quenched” or reduced in megnitude are more appropriate than the free nucleon
values traditionally assuned for such calculations? Becond, are there significant
deviations to be associsted with configuration admixture of wave function components
with differing K (angular momentum projection) quantum nunbers?

That cless of nuclei heving particularly large J values for the odd nucleon

will be egpecially susceptible to appreciable Coriolis mixing of different K-valuee.a’ 3

Somewhat arbitrarily we shall single out in this class states of odd parity in the
50-82 shell (hll/z), even_ﬁhrity in the 82-126 shell (113/2), and odd parity in the
>126 ghell (315 /2). We list in Table I those nuclei not felling into the sbove class,
and hence expected to be less subject to magnetic moment corrections erising from
Coriolis effects. Alsoc excluded are I = %‘— nuclet, which need & special analysis.
The nuclel are grouped in the Tsble according to the asynptotic quantum number
£ (projection of intrinsic spin) in order best to display the contributions of the
intrinsic spin to the magnetic moment calculations; 1 ',fe' <§_ sl} 13 positive or
negative accordingly as 5 is positive or negative. ) y

We note that the deviations are of the seme sign within esch group. In the

final column we calculate the &g value that would de reguired to give exact agreement

with the experimental moment. For the calculations we used Nilsson's wave functions ,l’

at a deformation of & = 0.3 and essumed samewhat erbitrarily a g of Z/A for odd-Z
and e g, of Z/2A for odd-N.

#*
‘This work was carried out under the auspices of the U.E. Atomic Energy Commission.
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TABLE I |
Deviations of u from Mottelson - Nilsson Theoretical values.™
Claes Kucleus EK 1 u m Difference Calculated
BV theo exp
» Ben™ Hex gsa
0dd-2 w9 o .32 2.2 £ 1,59 T 2.2
L=+1f2 mw? u82 s5/2 3.7 3.3 b k.5
r o 52 37 3.1k S 4.1

T o s/2 3.7 3.18 5y k.2

Odd‘-z ) 153 ) .

L =4f2 B’70  sfz 0.9 1.5 s 3.0
wPo /2 1.4 2.0 .6 3.9
wo q7/z2 14 2.0 -.6 3.9
o 72 1 2.1 -6 3.6
w23 60 5/ 1.0 1.k - 3.7
m™ o sz 1.0 1.k b 3.7
a3 o 5/2 1.0 1.4 2l 3.7

0dd-N . : 3

L=+1/2 G20 32 -.5 - .3 -2 -2.3
@®To 32 -5 - .37 - 1y 2.6
w'Bo s/2 - .8 - .67 - 14 -2.8

0da-N

L=~ 1/2 %30 s/2 14 .51P 5y 1.7
o q/2 1.4 .61 R 1.5

33 9

3B o 52 g .51 Ay -2.3

a. This is the 8 value reguired to give exact sgreement

with the experimental

megnetic moment using Nilsson's wav§ functions et 8 = 0.3 and assuming for odd-Z
that g = 2/A snd for odd-N that'gﬂ" = %/2A,

These 4 values determined by paramegnetic resonance are probably too small in

megnitude because (r'3> values used were too large according to calculations by
B. R. Judd end I.P.X. Lindgren (University of California, lawrence Radiation

Laboratory Report 9188, May 1960, unpublished).
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The proton data of Table I strongly suggest that the effective 8 factor
for protons in nuclear matter is roughly ~b instead of the free valuve 5.505
customarily used. Buch a change woula'bring the proton values of Table I into
remarkably good agieement.

The neutron data are fewer and scatter more. This scatter is perheps &
reflection of the relstively greater Coriolis admixture in the neutrom céses, or
i1t may reflect an insdequacy of the Nilsson wave functions themselves. The sense
of each dgviation does, however, indicate thst the magnitude of the effective &g
factor for the neutrom in nmuclear matter is less than the free value QgJ = 3.826)
used in the calculations, The fact that the % = + 1/2 neutron group deviates less
then the T = « 1/2 group suggests that the effective &n value for the odd neutron
nuclei should be reducﬁa below the Z/A value.v |

At firatrthougﬁt the reduction of the collective motion dn factor for odd-N
and noi;for 0dd~Z nuclel Seemé unsymmetrical end ummatural. We would point out that
gg Velues determined for even-even nuclei in the rare earth region show velues
averaging less than Z/A. Thus the effective gg for odd-Z nuclel may be somevhat
larger than for neighboring even-even nuclei, and the By for odd«R nuclei, somevhat
smeller. A rationsieé for such a B shift may be provided by considerationsaf the
pairing correlatioms. That is, 1f we add an odd neutron to & deformed evenweven
nucleus we block one orbital from the neutrom pairing correlation, reducing the
effective energy gap for neutrons and altering the population of neutron orbitals by
paire in such & vay as to increase the share of rotation#l anzular momentum carried
by the neutron pairs, relative to proton pairs. 8uch a chan@e would reduce &g The
same arguent for odd-Z nuclei would give an increased pe Bernstein and deBoer have
made an analyﬁis* of magnetic properties of deformed nuclei snd find evidence for ey

being lower than Z/A for both odd-Z and odd-N but lowest in the odd N2
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Magnetic moment calculations for odd-odd deformed nuciei such as Eulsu,

rm,loo , and I»ul76have showm rather satisfactory agreement .6 It should be pointed
out that these nuclel, and indeed most of the ground states of odd-odd nuclei,

obey the Gallagher<Moszkowski coupling rule ,7‘ that the intrinsic spins of proton

and neutron are parallel., In this state the proposed raduétiona of B for proton
and neutron will nearly oa.hcel. Those 0dd«0dd nuclear states with proton and neutron
spins anti-parallel,such as the long=-lived isomer inAHoléq‘should show magnetic
moments shift_.ed from calculetions using free-space &g values.

The analysis of moments Of the odd-A nuclei with larger Coriolis admixtures
needs to teke into gsccount important odd-dimgonsl contributions to the magnetic
mement., For éxample y the calculé.tionsa of Marshall fitting the even parity levels
of P9.833 give a veve ‘mnctioh for the 87‘-kev level (I = 5/ 2+)of ¥ = 0.94 'K = 5/ 2)
4 0.34] ,K = 3/2) + .09 |K‘= 1/2). The principal effect of thie K admixture on the
magnetic moment comes from en off-diagonal contribution between K = 5/2 and 3/2 components .
This contribution we estimete as sbout + 1.1 mm. The calculated moment for the pure
K :.5/2 state at deformation 8 = 0;2- using Nilsson's wave functions and 8g = h-'is
+ 2.5 nm. Taking intoc sccount all components we predict & magnetic moment of 3.8 nm.

233

for the 87-kev state in Pa ~~. This state has a half-life of 37 millimicro seconds,

and its magnetic moment may be measurable by external field attenuation of (ey

- _
27’7. As another example the Coriolis mixing is not ex=-

angular correlation with Np
pected to be as large in the 5/2+ ground state of Ep237, perbaps a 32~ 0.1, lesd-
ing to & calculated magnetic moment of around + 3.0 mm. It wzlll be notéd that our
theo-retical moment is the same aé that of Mottelson and Nilsson ,10 the effects of
lowered Bg and Qoriolis mixing exactly cancelling each other. ZExperimental megasure-

ments are + 6 * 2.5 nm.9 snd g = 2.70 mn.lo
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