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Corrected values of the anomalous magnetic moments of nucleons caused by virtual 1r -meson 
and nucleon currents are obtained by Chew's method. Contributions of strange particles and 
of the hypothetical p 0 meson are also taken into account, on various assumptions about their 
intrinsic parities. 

1. INTRODUCTION 

FROM the point of view of present quantum field 
theory, the main contribution to the anomalous 
magnetic moments f.J-p and f.J-n of nucleons must 
come from the virtual currents that arise on ac
count of the coupling of the nucleon and 1r -meson 
fields - a coupling which is evidently the "strong
est" of all known couplings. It can be expected that 
an appreciable contribution to f.J-p and f.J-n is also 
made by the strange particles, since the field of 
these particles is also coupled rather strongly 
with the nucleon field. In addition it is interesting 
to estimate the contribution to f.J-p and f.J-n that 
arises from the coupling of the nucleon field with 
the field of the hypothetical p0 meson allowed by 
the Gell-Mann scheme;1 there is lively discussion 
in the literature as to whether this particle exists. 

Recently Gupta2 has taken account of the contri
butions to f.J-p and f.J-n from both the strange par
ticles and the p0 meson, in the framework of or
dinary perturbation theory. Owing to the fact, how
ever, that he did not get agreement with experiment 
on any assumption about the intrinsic parities of 
the K and p0 mesons, and also owing to the fact 
that perturbation theory is probably not applicable 
to these problems,3 it is interesting to make analo
gous calculations by the more acceptable method of 
Chew. 

It must be emphasized, however, that in the Chew 
method, based on the idea of a fixed nucleon source, 
the treatment we shall give of transitions from nu
cleon to hyperon and vice-versa is, strictly speak
ing, not consistent. Besides the fact that in this 
method recoil is neglected, in such a treatment 
we have to introduce a mixed nucleon-hyperon 
source, and the question at once arises as to its 
"size." Fortunately, the not very large difference 
of the masses and the equality of several other 
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characteristics of nucleons and hyperons allows us 
to hope that also the size of such a mixed source 
will be close to the "size" of the nucleon source. 
In what follows we shall use the standard "cutoff" 
- Wmax = 5.6m7r. We remark, however, that a 
change of this "cutoff" within reasonable limits 
makes only a slight change in our numerical re
sults. 

2. THE CONTRIBUTION OF THE 1r-MESON AND 
NUCLEON CURRENTS 

In reference 4 calculations by the Chew method 
have been made on the magnetic moments of nu
cleons, with inclusion of only the meson current 
in the virtual state, and with the coupling constant 
f2 = 0.058 the values found were* f.J-p = 1.44, f.J-n 
= -1.44. 

In reference 5 the contribution of the virtual 
nucleon current has been taken into account, and 
an addition of -0.15 to the neutron magnetic mo
ment was found. This treatment considered dia
gram 2 and its modifications in Chew's sense; 
these contribute only to the neutron magnetic mo
ment (see diagram ) . 

There is, however, one other diagram, namely 
diagram 1, that involves a nucleon current in the 
virtual state and gives a contribution to the mag
netic moment of the proton. The contribution of 
diagram 1, corresponding to the emission of a 1r0 

meson, is smaller by a factor 2 than the contribu
tion of diagram 2, which corresponds to the emis
sion of a 71"- meson. This follows from the fact 
that in the symmetrical theory the coupling of the 
charged meson field with the nucleon field con
tains an addition factor 21/ 2• This same result 
can also easily be obtained formally, if we write 

*Throughout this paper all values of magnetic moments are 
given in nuclear magnetons. 
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the Lagrangian for the interaction of the nucleon 
and electromagnetic fields (in the relativistic 
case ) in the form 

L = =- ie: '¥ 1/ 2 (1 +"a)'"(}¥ A.:. (1) 

Here '11 is the usual eight-component operator of 
the nucleon field, composed of the wave functions 

of proton and neutron, and T3 = ( ~ ~1 ) • 

Owing to this the value calculated in reference 5 
for the contribution to Jl.n caused by diagram 2 
must be doubled. The contribution to Jl.p caused 
by diagram 1 is - 0.15. 

Thus with the coupling constant indicated above 
the values of the anomalous magnetic moments of 
the nucleons turn out to be Jl.p = 1.29 and Ji.n 
= -1.74. 

Recently, however, a more logical analysis of 
the experimental data on the basis of dispersion 
relations has led to a decided increase of the coup
ling constant of the nucleon and 11' -meson fields. 
At present we must evidently take as the most ac
ceptable value of this constant f2 = 0 .1. 6 The use 
of this constant leads to the following values of 
the anomalous magnetic moments of the nucleons 

[J-p = 2,51, [J-n = -3,46. 

3. THE CONTRIBUTION OF STRANGE PAR
TICLES AND THE p0 MESON 

(2) 

Since the intrinsic parities of the K and p0 

mesons are as yet unlmown, we have made calcu
lations both for scalar and for pseudoscalar K 
and p0 mesons. On this basis the Hamiltonian 
now generally accepted for the interaction of the 
K and p0 meson fields with the baryon field7 can 
be written in the Chew approximation in the form 

H = HNr.K + HNA'K +HNNP"• Hm:.K = Y4rc 

X ~ dr p NE (r) ~'YlK rpK (r), 

H NA"K = V 4rc ~ drpNA" (r) 'YlK rpK (r) +Herro. adj. 

HNNp" = V 4rc ~ dtpNN (r) 'Ylp rpP (r), 

where 1JK = gk for scalar K mesons, 1JK 

(3) 

p n 

..!!+ i' ,H• r ..!!+ )' 
~Ao >'V"'-'E- ";;;rV\.-

//{+ /H+ //{+ 

p n 
7 8 

= (fK/mK) u\1 for pseudosca~ar K mesons, and 
similarly with 1Jp· In Eq. (3) it is assumed that 
the relative intrinsic parities of the nucleons and 
hyperons are the same. 

In the calculations we have confined ourselves 
to the first nonvanishing approximation of the Chew 
m~thod, since, as our calculations show and as 
could of course be foreseen, the next approxima
tion gives a much smaller contribution. 

For the process with which we are concerned 
there are six diagrams, 3-8. Using the Hamil
tonian (3), we easily get the following matrix ele
ments: for diagram 3 in the case of scalar p0 

mesons 

Ma =- !__ aH g;z \' dkk2v2 (k) ' 
2m n ~ w~ 

(4) 

for diagrams 4 - 8 in the case of scalar K mesons 
'2 

M = - _!_ oH ~!!!: gK \ dkk2 vz (k) 
' 2m M n ~ w~ ' 

M5 = - M4 , M6 = M7 = M8 = 0, (5) 

for diagram 3 in the case of pseudoscalar p0 me
sons 

(6) 

and for diagrams 4 - 8 in the case of pseudoscalar 
K mesons 

Ms = M7 =- _!_ aH i !!!:_ fk 'i dkk•vz (k) ' Ms = 2Ms. 
2m 3n; mK mK j <ok (7) 

On the basis of reference 8 the coupling constant 
of the K -meson and baryon fields is taken to be 
gi{ = 0. 7 for scalar K mesons and gk = ( 2m/m71' )2 

x fk = 2.6 for pseudoscalar K mesons. To sim
plify the calculations we have neglected the differ
ence of the hyperon masses, taking M = 2300 me 
for all the hyperons. Since at present there are 
no definite arguments regarding the value of the 
coupling constant of the p0 -meson and nucleon 
fields, we have taken for definiteness gp2 = 1 for 
the scalar p 0 meson and f~ = 0.1 for the pseudo
scalar p0 meson. As for the rest mass of the p 0 

meson, we have considered two cases: mp = m7r 
and mp = 2m7r. 
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With these assumptions we get the following 
values for the contributions to the magnetic mo
ments of the nucleons from strange particles and 
p0 mesons: from the hyperon and ~calar K -meson 
currents + 0.09 and - 0.09; from the hyperon and 
pseudoscalar K -meson currents + 0. 002 and + 0. 003; 
from the coupling with the scalar p0 meson + 0.46 
and 0 (for mp = m7r) and + 0.24 and 0 (for mp 
= 2m7r); from the coupling with the pseudoscalar 
p0 meson -0.17 and 0 (for mp = m1r) and -0.02 
and 0 (for mp = 2m7r); the pairs of values are for 
J.Lp and J.Ln respectively. 

4. DISCUSSION OF RESULTS 

We note first of all that the so-called vector 
part of the magnetic moments of nucleons, caused 
by the couplings of the baryon field with the 1r and 
K meson fields, has been calculated recently by 
the method of dispersion relations. 3 The numerical 
results obtained in the present paper are in the 
main close to the results of reference 3, except for 
the case of the pseudoscalar K mesons, where the 
difference amounts to an order of magnitude. This 
last fact can be easily understood if we take note 
of the experimental fact that there is a large s -
wave interaction between K mesons and nucleons 
(see reference 9, for example), which is automat
ically excluded for pseudoscalar K mesons in a 
calculation by the Chew method, which neglects 
the recoil effects. For scalar K mesons, on the 
other hand, this neglect evidently causes no large 
error .10 An important point is that both the analy
sis on the basis of dispersion relations and the re
sults we have obtained indicate that the strange 
particles make an extremely small contribution 
to the magnetic moments of nucleons. 

The theoretical values of the anomalous mag
netic moments of the nucleons given in Sec. 2 are 
in absolute value much larger than the experimen
tal values, and, as has already been noted, inclusion 
of the contribution of strange particles cannot ap
preciably change this situation. 

As for the p0 mesons, our results show that 
only the pseudoscalar p0 meson improves the 
theqretical value of J.Lp (and only slightly, at least 
with the coupling constant we have chosen), but it 
leaves the value of J.Ln unchanged.* In this respec 
our results are in contradiction with those of Gupta 
who is inclined to the idea of a scalar character fOJ 
the p0 meson. 

The writers express their deep gratitude to V. 
Ya. Fafnberg for a number of very helpful com
ments. 
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*We note that the hypothesis that there exists a parity 
doublet of 17 mesons,11 which provides a satisfactory explana
tion of the experiments on N-N scattering in the energy range 
100-600 Mev, leads to additional contributions of +0.46 and 
+0.92 to llp and lln• respectively. This improves the value for 
lln• but makes the value for llp somewhat worse. 


