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The weak contributions to the anomalous magnetic moment of the muon are calculated in a
proposed theory of the weak and electromagnetic interactions. The result is finite and of
order Ag&~10, too small to be measured at present. The present agreement between the-
oretical and experimental values of the muon magnetic moment does not even rule out the
possibility that the scalar meson required by this theory has a very small mass. If this mass
were sufficiently small, then the scalar-meson field would produce shifts of the order of a
hundred parts per million in muonic-atom energy levels.

If weak interactions are mediated by interme-
diate vector bosons, then the virtual emission and
absorption of these bosons should contribute to the
magnetic moment of the muon. There have been a
number of calculations of this effect, ' but in the
absence of any systematic method for dealing with
ultraviolet divergences in higher-order weak pro-
cesses, it was not possible to put much confidence
in the results. This note will reconsider the prob-
lem in the context of a proposed theory' of the
weak and electromagnetic interactions, which ap-
pears to be free of the divergence difficulties of
conventional theories. 3 The results could conceiv-
ably provide an experimental test of the proposed
theory, and in any case will serve as one more
check of its renormalizability.

In conventional theories, the only diagram of
first order in the Fermi coupling constant G which
contributes to the muon magnetic moment is one
in which the photon is coupled to a virtual charged
intermediate boson Wq. [See Fig. 1(a).] In the lit-
erature ' the weak contribution to the gyromagnetic
moment of the muon is given in this case as (in
our notation)

where g and g' are a pair of independent coupling
constants related to the masses of Z and W' by

ga = 8m 2 Q/~g g +g"=8m 'Glv2 .
Thus the magnetic moment also receives a contri-
bution from a diagram in which the photon couples
to a muon in the presence of a virtual Z q. [See
Fig. 1(b).] This diagram contains both quadratic
and logarithmic divergences, but the divergent
terms in the vertex function I' turn out to be pro-
portional tp y or y y„and presumably are re-
moved by lepton field and charge renormalization.
The magnetic form factor is finite:

where g~ is the gyromagnetic ratio of the S", and
A is an ultraviolet cutoff. In the proposed theory, '
the 8"-lepton and W-photon interactions are the
same as in conventional theories, but with a W

gyromagnetic ratio g~=2. Hence this diagram is
automatically finite here.

The proposed theory also contains a neutral in-
termediate bosoe Z q, whose coupling to the muons
is of the form'

g& i (g2 +g&2)-1/2 Zz]f

2( 2+ I2 t I ~x

[Z(y2)] = ~ 'g g dx dy[m, 'x'+P y(x -y)+m, '(1—x)] '
z 128@2

(sgl2 g2)2 2 PB]f x
x „,, x(1 —x) —(4-x)(1-x)—(g"+g')' mz

The first and second terms in the large round pa-
rentheses arise from the g„, part of the Z-meson
propagator; the first being the contribution of the
vector coupling and the second of the pseudovector

coupling. The third term comes from the part of
the Z-meson propagator proportional to q "q"; here
only the pseudovector coupling contributes. 4 Al-
though this quantity is finite, it is not uniquely
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Zz„= -m„(2G/W2)'"P)7 p, (4)

'Fhe muon gyromagnetic ratio thus receives the ad-
ditional contribution

(a) (b) (c)

FIG. 1. Feynman diagrams responsible for weak
corrections to the muon magnetic moment.

For m&»m„, this is smaller than the W and Z
terms by a factor of order m„3/m&3, and hence may
be neglected here. For m&«m„, Eq. (5) gives

3Gmp
(+gp)iti 4 2~ i (6)

given by the ordinary Feynman rules, due to am-
biguities in routing the (integration) momentum
of the virtual Z meson. ' Ou~ result follows when
this line does not carry any external momenta;
however, an additional, finite, and arbitrary term
will be present when the external momenta are
shared by the Z-meson line. One can justify our
routing by the (-limiting method, ' which replaces

by

(q'+m ') '
m 2 z

z

, [(q3+m33) ' —(q'+M') '].
z

This leads to our answer as M'- ~.
The muon gyromagnetic ratio thus receives

another contribution

where

f (8) -=~~3 +f (sin'8 —~4)3,

tan8 =—g'/g .
The factor f (8) is between ~» and j for all 8, so the
weak contribution to the muon magnetic moment is
of order 10 ', too small to be measured, or to be
distinguished from the hadronic corrections in con-
ventional electrodynamic s.

In the proposed model, there is one final possible
contribution to the muon anomalous magnetic mo-
ment, in which the photon couples to the muon in
the presence of a virtual scalar meson P. [See
Fig. 1(c).] The coupling of the P meson to the mu-
on in this model is

(2)

Adding the contributions (1) and (2) gives the total
contribution of Figs. 1(a) and 1(b) to the muon gy-
romagnetic ratio:

Gm 2

(~g„)3,3=, " f(8)=O.QX10 'f(8),

which is of the same order as the W and Z terms.
In summary, the proposed theory certainly pass-

es the test of giving the muon a finite anomalous
magnetic moment. It is a pity that the weak-inter-
action contributions to this moment are one or two
orders of magnitude too small to be measured.
The weak contributions to the electron magnetic
moment are of course also finite, and even small-
er by a factor m, '/m„'.

It is interesting that the scalar meson P is cou-
pled so weakly to the muon that the present agree-
ment between theoretical and experimental values
of the muon magnetic moment sets no constraint
whatever on the P meson mass. We are therefore
free to speculate on the possible effects of a very
light Q meson. In general, the existence of a non-
vanishing scalar field vacuum expectation value
A, = (v2/2G)'" will induce what seems to be an in-
trinsic chiral-symmetry-breaking term 6J, so
the coupling of the P meson to the hadrons is

Z' =X 'y6Z=(2G/W2)' y6g

[compare Eq. (4)]. The one-nucleon matrix ele-
ments of 5Z may be determined from the observed
baryon and pseudoscalar-meson masses and from
the low-energy pion-nucleon and kaon-nucleon
phase shifts, but there is a good deal of contro-
versy' as to the results. To be impartial, we
shall write

gmp(&'16&1» =
(2,)3(4E E)1/3 ~

Here ~$~ is a dimensionless number which takes
values ranging from ~ 0.1 to 10 in various esti-
mates of the "o' term. "' Since this is an isoscalar
interaction, its effect in muonic atoms of nucleon
number A is to generate an effective muon-nucleus
potential proportional to A:

6V (r) = " exp(-rm, ).2$ m„3GA.

r
Hence, as long as we consider only Bohr orbits
whose radius (r) =n/2Z am is much smaller than
1/m&, the p fieM simply changes the constant Zo.
in Coulomb's law to
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2$ m„'GA

and therefore each energy level is shifted by a
fractional amount

5E 4$ m„'GA A

&2Zn
'" 2Z™

&The level shifts caused by S exchange are very
much smaller, except in S states. ) As it happens,
Dixit et al. ' have reported a systematic discrepan-
cy between calculated and theoretical energy val-
ues for the x rays emitted from p, -mesonic atoms,
of the order of a few hundred ppm. Furthermore,
this discrepancy is largest for transitions among
Bohr orbits of smallest radius (such as the
5g-4f transition in Pb and the 4f-Sd transition
in Ba), as would be expected if 1/m& were compa-
rable to the radii of these orbits, i.e., m

@
= 20

MeV. However, as Dixit et al. ' themselves point
out, additional work will be needed to clarify the
nature of this discrepancy. If this discrepancy dis-
appears, and if (as we expect) the SU(3) x SU(3)-
breaking parameter $ turns out to be of order
unity, then the agreement between experiment and
conventional theory for muonic atoms would re-
quire m@ to be greater than about 30 MeV.

Another consequence of the present theory. is a

modification of hyperfine splittings. Such splittings
are insensitive to scalar-particle exchange. The
contribution of neutral-vector exchange has been
estimated by Adams' —the effect is too small to be
seen by the present experiments. We have not
examined other processes which might also set
useful bounds in the Q mass. Some aspects of a
scalar lepton-nucleon potential have been dis-
cussed by Yennnie. "

In conclusion we wish to emphasize that the pres-
ent theory d'oes not require the charge and mag-
netic form factors to be finite. Only the S matrix
is cutoff-'independent, while Green' s functions,
such as the electromagnetic vertex function, need
not possess this property. Of course in calcula-
tions of S matrix elements, these divergences
must disappear and the cancellation is effected by
other diagrams which correspond to divergent
point interactions. " Clearly the charge and mag-
netic moment must be finite, since they do not
lead to point interactions. However, terms of
O(q') in the form factors, such as the charge ra-
dius, give rise to point interactions and can di-
verge.
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