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A general expression is obtained for the relativistic corrections to the magnetic moment of a
nucleus which arise on account of non-Galilean relativistic corrections to the Hamiltonian of
the nucleon-nucleon interaction. The corrections to the magnetic moments of the nuclei H3
and He? are calculated numerically. It turns out that the corrections are of the right sign
and order of magnitude, but do not explain more than 30 percent of the existing discrepancy

between theory and experiment.

].. In nonrelativistic approximation the magnetic
moment of a nucleus is determined by the intrinsic
magnetic moments of the nucleons and the orbital
magnetic moments of the protons. Inclusion of
relativistic effects leads to corrections to the nu-
cleon-nucleon interaction Hamiltonian of the order
(p/M )2. Because of gauge invariance the appear-
ance in the Hamiltonian of terms that depend on
the momentum is necessarily accompanied by the
appearance of an additional interaction of the nu-
cleons in the nucleus with the electromagnetic
field, which in turn leads to corrections to the
magnetic moment of the nucleus. We emphasize
that the corrections in question occur only for
pairs of nucleons and are absent for isolated nu-
cleons.

The relativistic corrections to the interaction
energy of two nucleons can be divided into two
groups.

a) Corrections which satisfy the condition of
Galilean invariance and consequently do not de-
pend on the total momentum of the nucleons. Cor-
rections to the spin-orbit interaction are correc-
tions of this type.

b) Corrections which do not satisfy the require-
ment of Galilean invariance and therefore depend
on the total momentum of the nucleons. Correc-
tions of this type to the interaction Hamiltonian of
two particles of arbitrary masses and spins have
been derived by one of the writers. !

Both these groups of corrections to the inter-
action energy lead to corrections to the magnetic
moments of nuclei. The relativistic corrections
to the magnetic moments of nuclei are on the av-
erage of the order of 10~ nuclear magneton. Un-
fortunately, the wave functions of nuclei of any
complexity are known to very small accuracy,

and as a rule in the calculation of the nonrelativ-
istic values of the magnetic moments this leads

to uncertainties much larger than the relativistic
corrections. Therefore at present it makes sense
to examine the relativistic corrections only for
the simplest nuclei. For the deuteron there are no
non-Galilean corrections.[] Therefore in the
present paper we analyze the corrections to the
magnetic moments of the nuclei H® and He®.

The values of the magnetic moments of H® and
He® differ considerably from the sum of the mag-
netic moments of the constituent nucleons (cf.

e. g.,m). In principle there can be nonrelativistic
corrections to the magnetic moments of these nu-
clei owing to admixtures of states with nonzero
orbital angular momenta. The total angular mo-
mentum of the ground state of these mirror nuclei
is J =',. Possible states are %Sy/5, ’Py/5 *Py/y
4D1 /2. Mixings of these states, however, cannot
completely remove the discrepancy between theory
and experiment. In fact, an admixture of P states
in amounts which do not disagree with the value of
the spin-orbit coupling leaves the magnetic mo-
ments practically unchanged,m and Sachs and
Schwinger [ have shown that a 4-percent admix-
ture of the 4D1/2 state makes it possible to get
agreement between theory and experiment only for
the sum of the magnetic moments of H® and Hed.
For the magnetic moments of the individual nuclei
there remain discrepancies, which amount to
+0.27 nuclear magnetons for H® and —0.27 nuclear
magnetons for He’.

The Galilean-invariant corrections to the mag-
netic moments of these nuclei on account of spin-
orbit forces have been calculated by Berger.m He
found that the correction to the difference of the
magnetic moments on account of the spin-orbit
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interaction is of the order of only 107* nuclear
magnetons, i.e., negligibly small.

In the present paper we calculate the non-Gali-
lean relativistic corrections to the magnetic mo-
ments of H® and He®.

2. With relativistic corrections included to
order (p/M)? the Hamiltonian of the nucleon-nu-
cleon interaction is of the form &

H:ZTH + Z Hmn+2T’n+ 2 H;nn—i"' E H'r,nn’ (1)
n m>n n m>n m>n

where Ty is the kinetic energy of the n-th nucleon,

Hpyyp is the interaction energy of the m-th and

n-th nucleons, Ty is the relativistic correction

to the kinetic energy of the n-th nucleon, Hp,p is

the non-Galilean correction to the interaction en-

ergy of the m-th and n-th nucleons, and Hpyn is

the non-Galilean correction associated with spin-

orbit forces for this pair of nucleons.

For the nucleon-nucleon interaction the rela-

tivistic non-Galilean corrections are of the formm

o = g oo+ 1 22) 3

' 0H,, i
—(6m — Gn) [P % }——z (@m—&n) Himn[pP]
~+ iHmn (8m — @a) [PP]

aHmn . o.ZH
— (P%) o) + 1Py e (2)*

7
Here

P=p,+P» P=50P,—P) X=Xx,-X%,

By means of the Hamiltonian (2) one can obtain the
operator for the non-Galilean relativistic correc-
tions to the magnetic moment of the nucleus. The
interaction with the electromagnetic field is intro-
duced in a gauge-invariant way i by the replace-
ment:

P,— P, — €A,

For central forces not depending on the velocity
the operator for the relativistic non-Galilean cor-
rections to the magnetic-moment vector of the
nucleus is obtained from Eq. (2) in the form

Ay = orm {211,,,,, (m + €a) [n (r — R)] P
—en + elom - a0 [n (- —R) T2
—— R (n 5} ®

The corrections (3) have been calculated for the
281/2 state of the mirror nuclei. Harmonic-oscilla-

HpPl=px P, (pP)=p-P.
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tor wave functions were used for the calculations.
The energy Hp,, was taken to be of the form

Hpn = (W + MP, + BP, -+ #P.Po) V (r).

The calculations were made for Gaussian and
Yukawa forms of the radial factor V(r), with
various parameters. Two forms were used for the
exchange part of the potential. The results of the
calculations are shown in the table.

w=0,222, M=0,58,
Form and parameters ‘gt‘ v(r) W=M=0.5, B=#=0 | B—0,222, 3r=—0.022["]
(VolnMev, ain 1077 em) | sy | apen | AwHy | ApHen
Gaussian potential
Vo:=51.9, a=1.73 [8] 0 —0,048 | 0.014 | —0.014
Vo=45. a=1.94[%) 0 —0.032 | 0.009 | —0,009
Vo=68.8, a=1.55 [19] 0 —0,018 | 0,005 | —0.005
Yukawa potential
Vo=68, a=1.17 [11] 0 —0.086 | 0.026 | —0.026
Vo=46.48, a=1,184 [1?] 0 —0.056 | 0.017 | —0.017

3. The following conclusions can be drawn from
the results.

1) The non-Galilean relativistic corrections to
the magnetic moments of the nuclei H3 and He?
depend strongly on the choice of the potential. The
signs of the corrections are as required, but their
size is insufficient for the complete explanation of
the discrepancy between theory and experiment.
The maximum size of the corrections is 0.086
nuclear magnetons, which is 30 percent of the
previously mentioned discrepancy of 0.27 nuclear
magnetons.

2) The relativistic non-Galilean correction
considerably increases the correction for the spin-
orbit interaction.

Thus the relativistic corrections cannot fully
explain the discrepancy between the theoretical
and experimental values of the magnetic moments
of these nuclei. The remaining discrepancy is
evidently to be ascribed to the effect of meson-ex-
change currents. Corrections of this sort are not
taken into account in the phenomenological theory
developed here. A rough estimate of these correc-
tions has been made by Drell and Walecka 1:13];
their work shows that inclusion of meson-exchange
currents leads to a decrease of the anomalous
magnetic moments of the proton and the neutron.
Their calculations are made for nuclei in which
there is one nucleon outside an even-even core.
The even-even core itself is regarded as a Fermi
sphere with a definite limiting momentum and en-
ergy. Their result gives a change of the spin gy-
romagnetic ratio by Agg — 0.26 73, where T3 is
the isotopic spin component of the nucleus. Ac-
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cording to this the exchange correction is —0.13

magneton for He® and +0.13 magneton for tritium.

It must be noted that these estimates are very
rough. Nevertheless, they give a direct indication
that inclusion of the exchange currents will make
it possible to explain the differences between the
calculated magnetic moments of the mirror nuclei
and the experimental values.

In fact, the total correction to the magnetic
moment (relativistic correction + correction for
exchange currents) is —0.23 magneton for He® and
+0.23 magneton for H®, which agrees very well
with the observed discrepancy of +0.27 magneton.
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