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Multipole moments of (composite) 8"s and the magnetic moment of the muon
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The contribution of 8' to the magnetic moment of the muon (g —2)~„,„ is calculated for non-gauge-

(composite-) model values of the magnetic dipole (~) and electric quadrupole (X) moments of the 8', the
comparison of this contribution to the experimental value of (g —2) ~upn provides a constraint on K and A..

The discovery' of the 8' —and Z has been successfully
achieved at CERN, with masses, spins, and cross sections in
good agreement with the predictions of the standard model
of Glashow-Salam-steinberg. ' The experimental study of
the self-couplings of the electroweak bosons remains now to
be investigated (mainly with the production of pairs of these
bosons), and is very important, for it will finally enable us
to know whether the weak bosons are gauge partic1es with
self-interactions constrained by the expected SU(2) &&U(1)

gauge symmetry or nongauge (e.g. , composite) particles
whose self-interactions at present energies would be
described by an effective (nonrenormalizable) theory. The
process pp 8' yX (Ref. 3) will certainly offer a good
possibility to study the y8'8' vertex in the near future,
leading to a nonmarginal number of events per run at the pp
Fermilab collider.

The most general local y8'8' vertex, compatible with C,
P, and T invariance and e1ectromagnetic-current conserva-
tion is known4 to depend on two independent free parame-
ters K and X., related to the magnetic dipole moment p, ~,

p, w= e(1+~+)()/2Mw

and electric quadrupole moment Qw,

Qw ———e(~ —X) /Mw',

of the W. The SU(2) XU(1) gauge symmetry of the stand-
ard model constrains severely the K and A. parameters, giv-
ing them definite values at the tree level (K=1 and X =0)
with radiative corrections of order of a. However, if the 8'
is not a gauge particle, it may well be that its magnetic di-
pole or (and) electric quadrupole moment(s) is (are) quite,
different' from the standard-model prediction. (For in-
stance, this ~ould be in the case of composite W's, interact-
ing strongly among themselves. )

In this short paper, I calculate the additional contribution
that anomalous (i.e. , nongauge) values of K and )( give to
the magnetic moment of the muon. Imposing the condi-
tion that this additional contribution does not exceed the
difference between the experimenta1' and the most recent
theoretical standard-model value' of the magnetic moment
of the muon, I get a relation between ~ and P which may be
used to constrain these parameters.

The only relevant diagram for the calculation is depicted
on Fig. 1. The corresponding vertex amplitude reads

e3 f 4
A„M+@= — y ky (1 —y5) [g —Mw (p —k) (p —k) ] [g'~ Mw '(p' —k—) (p' —k)~]

4 Slil 8 w (2 Ir )

&& bM. +dQ [( -k)'-M '][( '-k)'-M ']k

where 8w is the Weinberg angle (sin'8w=0. 22), e'=47ra, Mw is the &mass, the various four-momenta are labeled on
Fig. 1, and AM„ II (b, Q„&) includes all the additional terms appearing in the y WR' vertex for nongauge values of & (g).
From the most general form of the yN 8'vertex, compatible with the C, I', and T invariance and electromagnetic-current
conservation, hM„» and b, Q„p can be cast into the form

5M„p= (~ —1)(g„qp g»q )—
&Q„p=()(Mw ') (k„(kpq —k qp) +g„(k'qa kq kII) +g»(k—q k —k'q )

+k„(p qp
—q~p) p~q kp+p„k qp—+g„[k q pp —(p k +p' k)qadi]

+g»[(p k+p k)q p'k ql +g pk q—q„+p„'q~p JI~'qII+m—2(g„qadi g»q )]-
where q = p' —p is the four-momentum of the photon and m is the muon mass.

The different steps of the calculation are standard. Prom the expression of the electromagnetic current of the muon,

(2a)

(2b)

1( "'") = —ieu(p ) FI(qI)y„+ F ( 2)qo2.„„q"+ parity-violating terms u(p)
fn

(3)

where Fi(q2) and F2(q2) are, respectively, the charge and anomalous magnetic form factors, the magnetic moment of the
muon is given by

+(muon) (e/2~)F (q2 ()) (e/2~)&(muon) (4)
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where p, =Mar, i2 2/p2
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FIG. 3. (a) Allowed domain for n and k, assuming A=1 TeV and (tr —I) and k positive. (h) Same as (a) with (n —I) and 1 negative.

tions of x from its standard-model value are consistent with
the measured muon magnetic moment and would induce
noticeable effects in processes such as pp yWX (Ref. 3)
or pp W+W X (Ref. 10). On the other hand, if A is
much larger than 1 TeV, the situation becomes more similar
to the standard-model one, as one may expect; for A & 10
GeV, relation (6) implies Stc{K & 20-40'/o.

Besides a possible measurement of ~ and ), future exper-
iments at the multi-TeV colliders shouM reveal whether
some manifestations of compositeness occur in the —1-
TeV region. Assuming for definiteness that 4= 1 TeV, it is
interesting to see in what range K and ) may lie.

Figure 3(a) [3(b)] shows the portion of the {tc, )t} plane,

allowed by relation (6) if both (tc —I) and A. are positive
(negative). If they have opposite signs, (6) is no longer
sufficient and one has to look for an additional constraint
which, combined with (6), may limit both tc and )t. The
study of the radiative decay modes of the W ( W vip)
should be helpful to reach this goal, as soon as a compar-
ison of the experimental and standard-model values of the
radiative width of the 8'becomes possible.

I am very grateful to B. Bonnier, J. T. Donohue, and P.
Minnaert for valuable discussions. Laboratoire de Physique
Theorique is a "unite de recherche associee au CNRS."

'G. Arnison et aI., Phys. Lett. 1228, 103 (1983); 1268, 398 (1983);
H. Banner et aI., ibid 1228, 476 (1983); 1298, 130 (1983).

S. L. Glashow, Nucl. Phys. 22, 579 (1961); S. Weinberg, Phys.
Rev. Lett. 19, 1264 (1967); A. Salam, in Elementary Particle
Theory: Relativistic Groups and Anaiyticity (Nobel Symposium No.
8), edited by N. Svartholm (Almqvist and %iksell, Stockholm,
1968), p. 367. For a review of the standard model see, e.g. ,
H. Fritzsch and P. Minkowski, Phys. Rep. 73, 68 (1981).

3K. O. Mikaelian, M. A. Samuel, and D. Sahdev, Phys. Rev. Lett.
43, 746 (1979); B. Humpert, Phys. Lett. 1358, 179 (1984); J. C.
%allet (in preparation).

4K. Kim and Y. Tsai, Phys. Rev. D 7, 3710 (1973).
5There exists a variety of (nongauge) alternative versions of the

standard model that can also explain the low-energy data. See,

for instance, L. F. Abbott and E. Farhi, Phys. Lett. 1018, 69
(1981); Nucl. Phys. 8189, 547 (1981); R. Barbieri and R. N.
Mohapatra, Phys. Rev. D 25, 2419 (1982). For a review of com-
posite models, see L. Lyons, Oxford University Report No. 52/82
(unpublished).

See, e.g. , J. Calmet, S. Narison, M. Perrottet, and E. De Rafael,
Rev. Mod. Phys. 49, 21 (1977), and references therein.

7J. Bailey et al. , Phys. Lett. 688, 191 (1.977); F. J. M. Parley and
E. Picasso, Annu. Rev. Nucl. Part. Sci. 29, 243 (1979).

ST. Kinoshita, B. Nizic, and Y. Okamoto, Phys. Rev. Lett. 52, 717
(1984).

The quadratically divergent contributions are found to be multi-
plied by an overall q, and thus do not contribute to F2(q =0).

'oR. %. Brown and K. O. Mikaelian, Phys. Rev. D 19, 922 (1979).


