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Some of the Higgs particles in unified gauge models should have rather low masses and
point couplings to the photon. |A'e estimate their contribution to e+e into hadrons to be of the
right order of magnitude and energy dependence.

Of the Higgs particles which bridge the hadronic
and leptonic worlds in the Bars-Halpern-Yoshimura
(BHY) unified gauge model, ' several must have
rather low masses (-4 GeV) in order to avoid
large 4S =2 effects. ' Because these "bridging"
Higgs scalar fields are the only fields which trans-
form under both the hadronic gauge group and the
leptonic gauge group, their electromagnetic cou-
pling is partly vector-meson dominated (hadron
behavior) and partly pointlike (lepton behavior) .
It is the latter coupling which survives at large
photon 4-momentum squared. Since, on the other
hand, conventional hadrons, because of vector-
meson dominance, have form-factor suppression
of their coupling to the photon we conjecture that
the combination of low mass and undamped cou-
pling to the electromagnetic field could make those
Higgs particles quite important in the description
of processes involving virtual-photon energies near
their production thresholds. The pointlike char-
acter of the electromagnetic coupling of the Higgs
particles and the importance of the contribution
of the production of two Higgs particles and a vec-
tor meson to the high-energy behavior of the cross
section for 8'e -hadrons in a model calculation
was discussed by Bars, Levy, and Halpern. '

In this study we present an estimate of the con-
tribution of these Higgs scalars to the total cross
section for e'e -hadrons in the energy range
2-15 GeV. For lack (at the moment) of a specific
model about their decay into hadrons, the Higgs
particles shall be assumed to be unstable under
the strong interaction, while their couplings to the
photon shall be taken to be those contained in the

BHY interaction Lagrangian. With these simple
assumptions we find that, quite encouragingly,
the contributions to o'(e'e -hadrons) are very
nearly constant from 3 to jIO GeV and of the order
of magnitude observed experimentally. In the
following we give an account of our assumptions
about these scalars, namely their coupling to the
photon, their treatment as unstable particles, and
the contribution they give to o(e+e -hadrons) We.
also briefly discuss implications for hadronic
corrections to g-2 and for inclusive electropro-
duction.

As remarked above, recent work' has shown
that the triplet of complex fields y~ in the BHY
model can give rise to large 68=2 effects unless
the y~ masses are constrained to be only a few
QeV. The couplings in the Lagrangian which bear
on the electromagnetic interaction of these y~fields
(and their chiral partners yz) are' '

8~~$1 3 eA~+ —
V~ gg+H. c.

3 eAP+
2 VP Xl, +

In this equation, A& is the photon field and V„"
represent nonet matrices. From the first term
in Eq. (1), we can see that there is a direct cou-
pling of the photon to the p's as if they had charge
3e. However, in this type of theory, which in-
cludes vector-meson dominance, V„and V„are
mixed with A&, providing a contribution to the
electromagnetic charge which can be implemented
by the substitution (h/v 2) V„~s) -qA„, where

688



e'e ANNIHILATION INTO HADHONS AND BRIDGING. . . 6S9

Q=3

'2 Summation over the internal degrees of freedom'
has been included in Eq. (2). In the overall center
of mass, the expression +la„(X)a„(X) depends
only on the vector-meson energy. We can then
mrite

o(Q) =(2w) ' 18 —
2 J(Q), (2)

with

d(Q}=r fd kd a, d a, aa(k)aa(k) k (4+a, +a —kk

x6(k' M»') 6(q,' M') 6(q, ' —M')

«(k.) 8(q,.) e(q..), (3)

and

a, (~) = —(6„,—Q„Q./Q') e.(&) . (4)

This means that the charges of the y~&» triplets
are o, e, e respectively for +=1,2, 3. As a con-
sequence, the g-photon vertices will have a mo-
mentum dependence only partially damped by the
propagator of the intermediate vector meson. The
end result is that at large photon 4-momentum
squared the dominant contributions mill be only
those coming from the terms containing explicitly
the photon field. It is interesting to see that the
g's behave under those circumstances as if all of
them had the same effective charge —3e. We can
see, then, from Eq. (1) that the states that couple
most strongly to one (large 4-momentum squared)
photon are those containing two y's, and two y's
and a V. (All standard hadron couplings are sup-
pressed in comparison because of the extra 1/q'
coming from vector-meson dominance. ) These
features, combined with the low-mass restriction
on the g's, ' provide our motivation for investigating
the role of the y's in producing hadron final states
in e'e collisions.

Because the p's can have potential energy cou-
plings to the known spin-zero hadrons' [assigned,
for example, to a (3*,3}+(3, 3*}representation of
SU(3) xSU(3)], and because the masses of the y's
(if they exist) are expected to be considerably
larger' than those of the known spin-zero hadrons,
we view the p's as unstable particles with possibly
large total width for decay into hadron channels.
In order to handle production of gy and yy V+„~
final states with subsequent decay of p's into multi-
hadron final states we take the Lagrangian [Eq.
(1)] to tell us the point y- Vy}t and y-yy couplings
and we parametrize the subsequent decay of each
X by a Breit-Wigner function. We neglect inter-
ference in the final states. Concentrating on the
Vgg contribution, which turns out to be larger than
the py one by an order of magnitude, we have for
the cross section

J= d Qd t 2+ &k -M Hk'0
V

x6'(t+k —Q) I(t), (5)

where I(t) is the invariant two-body phase space
integral for the gy system. By replacing the mass-
shell ~ functions according to'

we obtain'

Mr/w
(

2 M2)2 ~M2r2 (6)

I(t) = —[(q' —4)'+y'] 'I' cos—,'ntan '(4q'/y),

where q =t/M, y=4r/M, and

o. =tan '[y/(q' —4)]+w 8(4 —q') . (8)

This expression for the Breit-Wigner-weighted,
two-body phase-space integral approaches the
mass-shell results when F-O, as it should, and
also when t»M for finite 7, thus showing that it
is properly normalized. Therefore, the expression
of Eq. (7) RppeRx's to be R 1'eRso11RMe Rppl oximatlon
to a phase-space integral containing two unstable
particles. Folding I(t) into the integral of Eq. (5)
we obtain the final expression for the cross section, '

64 1
o(Q) =+ — .—~(Q),

4w 3w' Q'

where"

k'/4w=2f p„„'/4w=6 .

The main features of this expression are readily
seen in Figs. 1 and 2, where o(e'e -hadrons) (in
nanobarns} is plotted against Q (GeV) for }t masses
of 2 and 4 GeV. We have adopted for the y- Vgg
interaction the expression of Eq. (4) because it is
the dominant part of the amplitude for production
of zero-midth g's near threshold, so we expect our
results to be reliable only in the region around
Q=2M+M». ' For every y mass and width com-
bination the cross section stays remarkably flat
in comparison with the behavior (-1/Q') of the
cross section for annihilation into p,

'
p. . This is

true also for the cases M =3 and 5 GeV, y=0. 5, 1, 2,
which are not shown. This is our main result. It
is striking also that the cross-section value is of
the correct order of magnitude at 3, 4, and 5 GeV
where data presently exist. 4 Lifting the X mass
degeneracy assumption and superposing contribu-
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FIG. 1. Estimated cross sections for M=2 GeV and
several values of p=41/M.
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FIG. 2. Estimated cross section for M=4 GeV and
several values of y =4I'/M.

tions of various masses and widths for the Higgs
particles obviously does not alter either the flat-
ness of the cross section or its approximate mag-
nitude of 5-'10 nb. Clearly the rather low cross-
section values we obtain can be enhanced by a
superposition of the tail of low-energy contribu-
tions and by contributions from additional "mixed
symmetry" Higgs scalars which could happen to
have relatively small masses" " (2-5 GeV). Ad-
ditional spin-one hadrons and corresponding ad-
ditional Higgs particles can also be incorporated
in this type of gauge theory" and would lead to an
increase in the calculated cross section.

In conclusion, our simple considerations based
on the BHY unified gauge model lead to semiquan-
titative agreement with the e+e —hadrons total-
cross-section data at 3, 4, and 5 GeV. The cal-
culated behavior is a direct result of the peculiar
features of the mixed-symmetry Higgs particles.

The features of the y particles which we have
discussed in this paper have bearing, of course,
on the hadronic corrections to the muon g factor
and on the behavior of the structure functions which
describe inclusive electroproduction. Using our
cross-section expression (9) and integrating only

over the region 4 & Q' &200 GeV', in which we ex-
pect it to be the dominant contribution to yy Vpro-
duction, we find that the correction to g-2 is less
than the corrections estimated from low-lying vec-
tor-meson states, "which are themselves an order
of magnitude below present experimental limits.
The problem of estimating the very-high-energy
(Q» M) limit of the yy V production cross sections
is being studied.

Comparison of the model with presently avail-
ab1.e inclusive electroproduction data appears to be
just out of reach. The mechanism explored in this
paper could show testable effects in electropro-
duction when

~
Q'~&9 GeV' and simultaneously

W' = Q'+2mv+m' &25 GeV', "whereas the recent
detailed SLAC data" go up to only 8'=15 Qe&'
at

~

Q'
~

=4 GeV'. We are presently estimating
the contribution of g production to the inelastic
structure function to determine if effects emerge
which are testable by higher-energy experiments.

We thank Charles Eklund, Dean Halderson, and
Larry Loos for advice and help in carrying out the
computer calculations.
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