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The current corresponding to vortical and potential motions of a nucleus and its magnetic field
are calculated. The correction to the moment of inertia of the nucleus due to the magnetic

field was found to be 0.3%.

l. DEFORMED atomic nuclei have a well pro-
nounced rotational spectrum. It is of interest to
investigate the macroscopic motion of the nuclear
matter during rotation. We shall show that this
motion can be represented as a sum of a vortical
and potential motions. To this end, following Mig-
dal,[“ we write Gor’kov’s equation in first-order
perturbation theory with respect to the angular
velocity of rotation:

<i_g_t__ H >G1 —(MQ) G = IAF +iAFY,

(ig—t—i—H)F——(MQ)F — ATG—iAG. (D)
Here G and F are Green’s functions in the zeroth
approximation, G! and F! Green’s functions in
first-order perturbation theory, H the Hamiltonian,
and M the angular-momentum operator; A and Al
describe the pair correlation in the nucleus.

The correction to the density matrix of the ro-
tating nucleus is

pO(r) =
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where @) and €) are the eigenfunctions and eigen-
values of the Hamiltonian H, fj;’/ is the matrix
element of the function f(r), E, = (6)% + Az)l/z, Al

= if(r), and f(r) can be obtained from an integral
equation.[“ The current can then be written in

the form
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m-—nucleon mass.
Since many levels fit inside the width A, ex-
pression (3) can be transformed to
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For an oscillator potential, the integral equa-
tion for f(r) can be easily solved'!! and we obtain
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For an oscillator potential formula (4) can be
written as j =j{ + j;, where
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If we sum over A’ and put
p(eo, 1) = D oa" (r) gr(r) 8 (en), (8)
A

where p(€, r) is the level density on the Fermi
surface, we obtain after averaging over the direc-
tions p

o (20, ©)< (yp: — 2py) P> = (yk — zj)n(r),
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p (g0, ¥)<(yp: + 2py) P> = (yk - zi)n(r).
Since¥*

(vk — z§) Q: > [Qr], (yk +2)) Q> QV (y2),

the vortical current is
jv = [Qr]n(r), )

and the potential current is

ip=AQ.V (y2)n(r), (9")
where A is a constant.

In the limit as A— 0 we should obtain the cur-
rent corresponding to the rigid-body rotation of
the nucleus. Indeed, in this limit

i1~ [Qr]n(r), j2—> 0.
In the limit as A —» we have

) @i+ gin (),
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which corresponds to potential flow of an ideal
liquid. Thus

A = 20_04/ (0:2 + 0-2). (10)
The total current due to rotation is equal to
i=li+dk= 1—a)ij,+ ajp, (11)

where

o =g gi(0? 4 02) [ (g-02 + g+a4?).

Formula (11) is very interesting, since it shows
that the current in the nucleus can be represented
in the form of the motion of a normal liquid with
mass (1 — «) and an ideal vortex-free liquid with
mass «, so that the total mass is equal to the
mass of the nucleus. When A =0, the entire mass
of the nucleus rotates like a normal liquid; when
A — < to the contrary, the entire motion is poten-
tial.

Calculating the moment of inertia the aid of(11),
we obtain the well known expression[ ]

e g [a g+8- (0 —-?)?
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where J; is the rigid-body moment of inertia.
In the derivation of (12) we used the easily-
verified relation
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2. Usually in calculating the moment of iner-
iatl 2) one neglects the influence of the magnetic
field induced by the proton current during rotation.
It is of interest to determine more accurately the
correction to the moment of inertia, connected
with the magnetic field of the proton. To this end
we first calculate the magnetic field produced by
the rotating nucleus, which is proportional to the
angular velocity.

The vector potential of the magnetic field A
satisfies the equation

V2A = —4nj/c, (14)

where j is the proton current of the rotating nu-
cleus. Neglecting the corrections connected with
the reaction of the field on the mass current,

(~ (1‘0/(311)2 <« 1, where 67 —London depth of pene-
tration, ry—radius of nucleus) we can take the cur-
rent in the form (11).

In the right side of (14) we can neglect the po-
tential current, since its presence leads to small
corrections proportional to the square of the quad-
rupole deformation of the nucleus B%. In addition,
when solving (14) we can assume that the nucleus
is spherical, since allowance for the deformation
leads to corrections ~j.

For the oscillator model of the nucleus, the
nucleon density is

n(r) = no[1 — (r/ro)*]*,

where ngy is the density of the center of the nu-
cleus, r; = (Zeo/mwz)i/z, €y is the Fermi energy,
and w is the oscillator frequency. Then the equa-
tion for the field takes the form

VA = — 2% (1 gymelt — (r/ro) T[4,
mc

VA =0,

r <y,

r>=r, (15)
With good accuracy 1 -« =1;/1;, (I,—proton mo-
ment of inertia and I, its rigid-body value). We
seek a solution in the form

A = (A, Ao, Ag) = (0, 0, 4y). (16)

Then the gauge condition div A = 0 yields
8A¢/8<p =0, and Eq. (15) in spherical coordinates
takes the form
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It is easy to verify that a solution of this equation,
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satisfying the conditions for the continuity of the component A(p and its normal derivative, is
areci _ Vo (4 5420 [% y 2__ ¢
/;_5196_[ arcsin It n 7(71 R2)'h (488 —13614+4-118/2—15) ]’ R>1
Ay = 128 R? 15R
wk sin 0 R<
25612
R=rlr, A, = A¢=0. (18)
Thus, the total energy of the protons of the rotating ment of inertia:
nucleus, with allowance for the magnetic field, is 2 I, /r \2
T,=1 [1 42t
Lo 1o, S R TR (6 ] ' (24)
E = o + e S irotAirat@V. (19) 0z v/
In rare-earth atomic nuclei (ro/éL)2~ Yoos 12/ 1o,
With the aid of (11) and (18) we get ~ 1/,, and the correction to the moment of inertia
1 312212 eQlno \? does not exceed 0.3%.
AoV = T (; . e 01,2
2 3 Jrotfrot 1511 clo, ) he theoretical calculations of the moments
. of inertia include the quantities A and S, and also
Since sums containing matrix elements and single-
I, = m2nemre® [ 32, no = 8Z | n%r¢?, (20) particle energies. The total accuracy of such the-
oretical calculations is apparently ~20%, and er-
we obtain rors of ~0.3% can hardly be noticed at the present
1.O2 3.92 1, 2 Z level of the theory.“
Erot= 5 [1 + 2 A5 ( Tor ) et TO] In conclusion, the authors thank A. I. Larkin
for a useful discussion of the work.
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is the London depth of penetration. The moment of
inertia takes the form

22i Il To 2
Tz= z[ T —)]
I 1+:r52-15!! I, ((SL

(23)

A similar calculation for a well with constant den-
sity leads to the following expression for the mo-

3s. G. Kadmienskii, JETP 50, 1565 (1966),
Soviet Phys. JETP 23, 1044 (1966).

Translated by J. G. Adashko
71

Dwe note that Kadmienskii’s estimate of this effect [*lis
highly exaggerated.



