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SHORT NOTE. -

Proc. Phys.-Math. Soc. Japan ﬁ(|942)l84—l85,6l2.

t

Note on the Magnetic Moment of the Nucleon

By Sizu? Ugero and Hironobu Kuze.

In the present formalism of the meson
theory, the anomalous magnetic raoment of
the nucleon is ascribed to the virtual ex-

istence of those mesons around it, Which." :
are described by the vector field®, = Recent

trend of the theory indicates, however, the
coexistence of mesons, which can be de-
seribed by the pseudoscalar field and con-
tribute to the nuclear force a8 much as
the vector mesons. Thus we can expect
that the pseudoscalar mesons are also re-
gponsible for the anomalous magnetlc mo-
ment of the nucleon. But a closer inves-
tigation is needed in order to make this
point clear, since the pseudoscalér mesons

have no inirinsic magnetic' moments in -

constrast to the vector mesons®. "

Now we consider a neutron with the
spin vector § in the magnetic 'field H.
The energy of the neutron changes on ac-
count of the interaction of the virtual
mesons and protons in the intermediate

. states with the magnetic field. «There are

four types of relevant processes:
16 N—>P+Mk_1—1)_p+}[k’—'—)N

II. No>P+Mpy——>N+Mp++Mp—>N
H
1001, NEN+}[V+ +Mx——> P+ Mp——> N
1V. N->P+Mx——N or N>P+Mx——N
H H

where P, My~ and Mr+ denote a proton,
a meson with the negative charge and the

momentum %% and a meson with the "

positive charge and the momentum 7%k’
respectively. The energy change due to
the process I, for instance, is given by the
well known formula
Hoxr Hix Hyo
Wi=
é/z (Ex +ex— Mc*)( Er+ex—Mc?*)

.where Hro, Hix and Hox denote the
_matrix elements of the interaction energy
corresponding to the transitions between
the initial state (0), the first intermediate
gtate (%), the second intermediate state (k')
and the final state (0), which is identical
with the initial state, respectively. FEk, ek
denote the energies of the proton and the
meson, both having the momentum of
magnitude %k. The first summation Zk} in

(1), which should be performed over all
possible values of the momentum 7%/, 7k
of the mesons in the intermediate states,
‘can_be transformed into the integration
with respect to 76 and %'. It reduces to
the integral with respect to /¢ alone, since
the conservation of momentum requires &
.=Kk'. The second summation refers to
possible orientations of the spin of the
proton, the summation with respect to the
spin of the meson being, of course, un-
necessary in this case.

By using the expressions for the Ha-
miltonian in the pseudoscalar theory, which
were obtained by Tanikawa and Yukawa®,
we arrive at a result

leal< ) (H)f (Lffiﬂ)ﬂ

which has a similar form as in the case of
vector mesons, ‘although only those mag-
netic moments which are caused by the
orbital motion of pseudoscalar mesons con-
tribute to the energy change in our case.
The upper limit of the integration in (2)
should be replaced by a finite value %,
instead of extending to infinity in order
to avoid the well known divergence diffi-

(1) Frohlich, Heitler and Kemmer, Proc. Roy. Soc. A 166 (1938), 1564; Yukawa,
Sakata and Taketani, Proc. Phys.-Math. Soc. Japan 26 (1938), 319.
(2) Similar calculations were performed independently by Yamasaki and Uma

(Proc. Phys.-Math. Soc. Japan, in press).

The authors are indebted to Dr. Kobayasi

for the communication of their results before publication.
(8) Tanikawa and Yukawa, Proc. Phys.-Math. Soc. Japan 23 (1941), 445.
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calty.
The energy changes W1, Wi due to
the processes II and III can be calculated

in & similar manner and we obtain the

*

result

Wi+ W= Wr.
On the other hand, the energy change IW1v
due to the process IV originated by the
simultaneous interaction of the meson with
the nucleon and the electromagnetic field
is found to be 0, so that the resultant

. encrgy change W takes the form

W= Wi+ Wi+ Wi+ Wiv=2Wi= —mH
(3)

m —3}({ f’ sf (20), 4)

. where z,=k,/k and S~ @2

xtdx
1e=J ) ray 9

This 7 is the additional magnetic mo-
ment of the neutron due to the virtual
existence of pseudoscalar mesons.

This result can be compared with the

NOTE. 185

corresponding moment
e (sl
= (& )Hcsf(xo) ®)

in the case of the vector mesons. If we
take, for example, the constant charac-
terizing the dipole interaction between the
nucleon and the pseudoscalar meson f;
equal to that between the nucleon and the
vector meson g,, we find that the contri-
bution of the pseudoscalar meson is just
one half of that of the vector meson.
Further discussions on the bearing of this
conclusion to other problems of the meson
theory are made by Yamasaki and Uma®)
on the basis of the single force hypothesis,
which was put forward by Kobayasi®,

In conclusion, the authors wish to
express their cordial thanks to Prof. Yu-
kawa, for his contmual guidance and also
to Dr. Sakata, Dr. Kobayasi and Mr. Tani-
kawa for valuable discussions. Their thanks
are also due to the Japan Society for Pro-
motion of Scientific Research for financial
aid.

Institute of Theoretical Physics,
4 Kyoto Imperial University.

(Received March 2, 1942.)

Errata. [,“ftt(ﬁf 2¢-(42), é/a’.]

Sizuo Ueno and Hironobu Kuze :

Note on the Magnetic Moment

of the Nucleon.

(Proc. Phys.-Math. Soc. Japan, 24 (1942), 184.)

The expression (4) on page 185 should be read

et
m=—g- (5) & st @
instead of
M= + (;;:r) S (o). 4)

(4) Yamasaki and Uma, loc. cit.

/lC

(5) Kobayasi, Proc. Phys.-Math. Soc. Japan 23 .(1941), 891.
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