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A general expression for the gyromagnetic ratio of even-odd deformed nuclei is obtained by 
taking pair-correlation effects into account. It is demonstrated that the gyromagnetic ratio 
of odd proton nuclei is greater, and that of odd neutron nuclei smaller, than the ratio of 
neighboring even-even nuclei. The results are compared with the experiments. 

THE gyromagnetic ratios of several nuclei in the Here EA. is the single-particle energy reckoned 
rare-earth region have already been measured.[!] from the Fermi surface E0, and :>..0 is the state of 
The gyromagnetic ratios for excited rotational the odd particle. The subscripts p and n denote 
states of even-even nuclei are found to be of the summation in (3) over the proton and neutron 
order 0.2- 0.4. For odd-proton nuclei, gh is states. The neutron and proton systems are as-
greater than the gyromagnetic ratio for the neigh- sumed in this paper to be non-interacting. 
boring even-even nuclei, while for odd-neutron The value of f is determined from the integral 
nuclei gi\ is less. equation (see [4J). If we write f =to + f', where 

Although the ratio Ap/ An [2] ( An,p is a quan- to is the solution of the integral equation for the 
tity characterizing the pair correlation) can be even-even nucleus and f' is a quasi-classical 
calculated from the gyromagnetic ratio of an even- small change in the solution to account for the 
even nucleus, it is a difficult quantity to measure. presence of the odd particle, then expression (3) 

It is therefore of interest to obtain a general ex- can be rewritten 
· f f dd l dto 1 t 't ifj. (e -e,)sx,(, preSSIOn or gR 0 an 0 nuc eus an rea e 1 Wn,p _ Wn,p ( ) _ 'l n,p 1. 1. 1.!- 1. 1. 

with the gyromagnetic ratio for the even nucleus. - e Xo ~ 2£, E~.. (£~. + £, .. ) 
},J.. 

The gyromagnetic ratio is defined by 2 (£~ + e. e, + fj.n2 p) g, s~ 1. + 2ifj.n P (e,- e, ) s~l. f~ , • 'l ·n "' r.o , o o , o o "'o" 

gR = <11> I <I), (1) 
where ( 1.1.) and (I) are the mean values of the mag­

[- ..::.1 2 2 
1. E~., (e~.- e~.,J (4) 

netic moment and the angular momentum of the nu- w~·P (xo) 
cleus. One of the authors, together with Drozdov 
and Zaretskii,[a] has calculated the density matrix 
of an odd rotating system. With the aid of this 
matrix it is easy to calculate the mean values of 
the angular momentum and magnetic moment 
operators 

The summation is over all the nucleons of the nu­
cleus. 

If the angular velocity Q of the rotating system 
is parallel to the x axis, which in turn is perpen­
dicular to the symmetry axis z of the nucleus, then 
(I) = JQ, where J is the moment of inertia of the 
nucleus and 

<f.t) = [Jp + (g';- I) WP + g~ WnJ Q. (2) 

The value of W is given by 

while Ko is determined from the values of A and 
{3 of the odd nucleus; in order of magnitude we have 
K ,... Eo/3/ AA i/a. 

It is convenient to write the general expressions 
for the gyromagnetic ratios gR and g~ of the odd­
neutron and odd-proton nuclei in the form 

g'f?. = g~ JefJo + g~ [W~ (xo)- W~ (xe)l/Jo + 6g'f?.. 

g~ = I - ( 1 - g R) J e / J 0 + (gf - 1) [ W ~ ( X0 ) 

- w~ (xe)l/J 0 + {)g~ ; 
gR = [J~ + g~ W~ + (gf- I) W~Jfle, 

(6) 

(7) 

Wn, p _ 1 (Ef. El:- e, e1:- L'l.~, p) i~~o· s~l.'- it:.n, P (e1.- £ 1:) s\1: fA·~o -- e. 2£1. Ef.' (E~o + E,:) 

2 (Et + £ 1• e~., + L'l.~, p) j~1., st1• + it:.n, P (e~.- e,,l (s~1., f1.,1.- s~,). f~o1.) 
E,, (e~- e~) 
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(3) 
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gR is the gyromagnetic ratio of the even nucleus. 
An analogous expression for gR with account of fl 

On going from the even nucleus to the odd one, 
the deformation remains practically unchanged, 
and the change in the pairing energy ~ is deter­
mined by the following expression [2] 

[~= (~+~e)/2] 

(/',. e- 11o)//1 = 1/2 p0 /1 -A-'1•. 

Since the function wn,p is smooth, its variation 
as N or Z changes by unity is 

W (xe)- W (x0)- W (xe) 6xjx- W (xe) A-'',. 

Let us show further that W ~ JA - 2/ 3• For this 
purpose we consider the first term in (5) (without 
the small term containing fl ) : 

W 1 = ~ [ 1 - g ( "1. ~ s~., ) J j~~..s~.~. lj ( e~.). 
)./.' 

As shown by Migdal [2] with a rectangular poten­
tial well model, it is necessary to retain in this 
sum only the values of A.' for which m' = m ± 1 
and v = v', where m is the eigenvalue of the pro­
jection of the angular momentum on the symmetry 
axis and v is the totality of the remaining quan­
tum numbers. With quasi-classical accuracy the 
matrix element sx for such transitions is equal to 

s~~.· = ± j~~../2!, 

where the plus sign corresponds to j = l + % and 
the minus sign to j = l- Y2 ( l is the quantum num­
ber of the orbital angular momentum), and there­
fore W 1 will contain two sums over j = l + Y2 and 
j = l- %, with opposite signs; these sums cancel 
in the quasi-classical approximation. w 1 is equal 
to the next term in the expansion in A - 1/3, the 
order of which is JA - 2/3. Analogous arguments 
can be cited for the second term in W, since 
f0 ~ jx; as a result we get W ~ JA - 213. Naturally, 
the same estimate for W is obtained also in the 
second limiting model, an oscillator nuclear po­
tential with spin-orbit coupling. 

For heavy nuclei gs - gz is numerically of the 
order of A 1/3, so that we obtain for the second 
term in (6) and (7) the estimate (gs- gz) [W ( K0 

- W ( Ke)] I J ~ A - 2/3• 

Let us examine the expression for ogR. Since 
f' = fo/2po~ ~ f0A-113, we obtain for the same rea­
son as before 

was obtained by Nilsson and Prior.C5J It is readily 
seen from (4) and (5) that 

(8) 

( "" if). (e1,- s~.,) s~l.' f~'l. -•; 
g,- g!) LJ 2£~. £~., (£~. + £,.) - J A ', 

).).' h 

and since the first term in (8) contains a single sum, 
its order is A -1/3• Terms containing f0 in the 
expression for ogR do not exceed 20 percent of 
the principal term and can therefore be estimated 
by using the expression derived by Migdal [2] for 
f0 in an oscillator nuclear potential. 

Discarding terms of order A - 213 in (6) and (7) 
we obtain an approximate expression for the gyro­
magnetic ratio of odd nuclei when Er...0 = 0: 

g~ c= !{R J e/ J o-f- Of{~, {9) 

wo3 
v, =:zt, 

arg sh x 
gx = ,r ' 

x r 1 + x2 

where g1=g(v1) and g2 =g(v2 ). 

Wn 
Vz = :s_-, 

(11) * 

In (9) and (10) ogR is always smaller than the 
first term, by a factor A - 113• Consequently we can 
neglect in the approximate analysis its contribution 
to g~P. Recognizing that in the rare-earth region 
we have in the mean J~/Jg = 0.65, if/Jg= 0.9 
and gR = 0.3, we get g~ ~ 0.2 and gk ~ 0.35, i.e., 
the relation gk > gR > ~ is satisfied in the mean. 

In a more exact calculation of the gyromagnetic 
ratio of odd nuclei we must take ogR into account. 
Although this term is smaller than the first term, 
it fluctuates more strongly, owing to the matrix ele­
ment S~A.o• and in some cases it may make an ap­
preciable contribution to (9) and (10). 

The gyromagnetic ratios g~P were calculated 
from formulas (9), (10), and (11), and since the 
spin-orbit coupling is essential for ogR, this 
quantity was calculated in the Nilsson model.[6] 

The values of ~nand ~p were taken from the 
paper by Nilsson and Prior.C5J The values of the 
gyromagnetic ratio gR of an even-even nucleus 
having one less particle than the original odd nu­
cleus were taken from the same paper, [ 5] while 

*sh =sinh. 
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Table I 

State of odd· g~ 
Nucleus particle Jello gR &gR. gRI 

Nnz An Theory! Experiment 

63Eu~53 4 1 3 5/2 0,64 0.34 -0.14 0.58 0.44 0.45±0.01 

65 Tb~~9 4 1 1 3/2 0.82 0.32 --0.07 0.!14 0.37 0.24±0.09 

67Ho~~5 5 2 3 712 0.83 0.30 0.11 0.42 0.53 0.30±0.07 
175 

71 Luw, 4 0 4 7/2 0.99 0.31 -0.03 0.32 0.29 0.30±0.05 

73ram 4 0 4 712 0.97 0.28 -0.08 0.30 0.22 0.33±0.01 

75Re:~3 4 0 2 512 0.95 0.28 -0.02 0.31 0.29 0.41±0.04 

75Reln 4 0 2 5/2 0.93 0.35 -0.03 0.40 0.37 0.41±0.04 

Table II 
I 

I State of odd 
Nucleus particle Je/Jo 

Nnz An 

64Gd~~5 5 2 1 3/2 0.59 

64Gd~~7 5 2 1 312 0.74 

66Dy~g1 6 4 2 5/2 0.43 

68Er~~7 6 3 3 7/2 0.65 

70Ybm 5 1 2 5/2 0.87 

72H!Jb~ 5 1 4 7/2 0.85 

nHfj6~ 6 2 4 9/2 0. 71 

the moments of inertia were obtained by experi­
ment. It was found that ogR amounts in the mean 
to 20-25 percent of the first term in (9) or (10). 
The values obtained for the gyromagnetic ratios of 
odd nuclei are listed in Tables I and II for protons and 
neutrons respectively. In these tables g¥if cor­
responds to the first term in the expressions (9) 
or (10). 

The theory is in qualitative agreement with ex­
periment. No pretense of quantitative agreement 
can be made at present since the known experimen­
tal values of g~P are subject to considerable er­
rors. In addition, this quantity is not measured in 
the experiments directly, but is obtained indirectly 
from the probabilities of the magnetic transitions 
and the magnetic moments. On the other hand, it 
must be noted that the wave functions of Nilsson 
potential do not yield correct values of the mag­
netic moments of the odd nuclei. We are there­
fore not even assured of the correctness of the 
values of ogR calculated in the Nilsson model. 

gR BgR gR! ~ " 
gR 

heoryl Experiment 

0.37 0.05 0.22 0.27 0.34±0.07 
0.33 0,04 0.24 0.28 0.22±0.06 
0.32 -0.05 0.14 0.09 0.25±0.10 
0.30 -0.08 0.19 0.11 0.12±0.05 
0.31 0.01 0.27 0.28 0.20±0.09 
0.25 0.04 0.21 0.25 0.21±0.01 
0.25 -0.08 0,18 0.10 0.20±0.03 

This circumstance may change the theoretical 
value of gR by 10- 20 percent. 
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