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We estimate the photoproduction cross section of the color-octet pseudo-Goldstone bo-
sons P8 and P8 in e-p collisions at very high energy. The calculated rates are within
detectability limits, especially for the P8 state which, besides, cannot be produced in
hadron-hadron interactions.

Hypercolor ideas have recently been given a lot
of attention. This is both because of their theoreti-
cal importance as an alternative to elementary
scalar fields in the spontaneous-symmetry-breaking
phenomenon and because of their phenomenologi-
cal implications. Indeed, a most appealing feature
of the hypercolor scenario is the unavoidable ex-
istence of pseudo-Goldstone bosons (PGB's) with
masses light compared to the typical mass scale of
-1 TeV of the hypercolor strong forces. This fact
provides us with a realistic means of testing the
dynamical-symmetry-breaking mechanism of gauge
theories. Clearly, we can hope to produce those
PGB's in future accelerator machines like LEP,
ISABELLE, the pp Tevatron collider, etc.

As stated above hypercolor constitutes an ex-
tremely attractive alternative to spontaneous sym-
metry breaking via elementary scalars. These
Higgs bosons also have a chance to be detected in
those accelerator facilities. We are therefore in-
terested in the phenomenological discrimination be-
tween both mechanisms. The phenomenology as-
sociated to PGB search has been discussed a great
deal in the literature. ' ' As a general rule, e+e
collisions are better suited than hadron-hadron col-
lisions for the production of either Higgs bosons or
PGB's. In pp or pp collisions, for instance, the
Higgs boson may be produced via gluon-gluon in-

teractions. However, although cross sections are
not that small, the expected low luminosity and the
large background make actual detection difficult.

The PGB's in current existing models fall into
two main mass categories. On the one hand, there

are colored PGB's with masses in the —160—250
GeV mass range and, on the other hand, colorless
PGB's in the few GeV (& 8 GeV) mass scale. '

To actually produce those colored massive PGB's
(e.g., P&) requires very energetic collisions (beyond
LEP capabilities) such as the ones to be reached at
ISABELLE or at the Fermilab Tevatron collider.
To be definite, estimates have been given for Ps
production through the anomaly-dominated gluon-
gluon fusion process. At ~s =800 GeV the cross
sections are on the order of 10 —10 cm . As
far as the light PCrB's are concerned they are more
likely to be seen in e+e annihilation processes at
LEP.

In this paper we consider color-octet PGB pro-
duction in e-p colliding machines as an alternative
to the use of pp or pp interactions. Our motivation
for this is twofold. In the first place, the back-
ground problems are not as severe and second,
since a large fraction of the electroproduction reac-
tion proceeds via quasireal photon bremsstrahlung,
the effective luminosity for yp interactions is rela-
tively large. Indeed, for a projected luminosity of
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FIG. 1. Kinematics for PGB photoproduction in e-p
scattering.
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10 cm sec ' for the HERA machine, one may
reasonably infer an eQective luminosity for pho-
toproduction processes of 10 ' cm sec '. In
what follows, we shall calculate the photoproduc-
tion cross section for reactions yp ~PP' and

yp +P+—. We remark in passing that this latter
PGB cannot be produced in pp (pp) collisions via
the gluon-gluon-fusion mechanism.

To begin with, we give in Fig. 1 some useful
kinematics. The photoproduction cross section is
given by

o(yp~PX)= I dx G(x), 1(P~yg)4

Mp

Xx5(x —Mp /s),

o(yp~PX)=G x = Mp mAp Mp

s 8 s

Taking the simple scale-invariant form for the dis-
tribution function G (x),

G()n+ 1(1 x)
2 x

we get

o(yp~Pg' X}=03 n+1
16

1—Mp
mApP 3

2
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If we set n =5, and since s 4E& Ep', we obtain
at the highest HERA energies

2

o(yp +PP')=2 X 10 —X — cm
4

2

o(yp +PgX) 2 X 10 . X—
4

for Mp ——245(4/N)'~ . In Eq. (4) we have used

(4)

where P stands for P g or P g, G (x) is the gluon dis-
tribution function in the proton, and s =(q +p) .

The widths I (Pg' ~yg) have been given in the
literature. They involve the anomalous vertex

Vp(xp, g) =xA psrEsg p E~~p

with Ap=—(~2/2)(Sp/4'). Here F 2SO GeV is
the hyperpion decay constant and S is the corre-
sponding anomaly factor, Spa ——gee —N and

S

Sp3 gpeN, where N is the number of hypercolors.

Equation (1) then becomes

( p) 12m

211n(Q /A )

at Q =Mp with A=300 MeV.
These cross sections are even larger at still

higher energies. Their asymptotic values are

P3
o yp~ 0 'X
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At Ws =350 GeV, our cross section for Pg pho-
toproduction is two orders of magnitude larger
than the corresponding cross section for P8 produc-
tion in pp (pP) collisions. At still larger energies
this difference narrows down and, eventually, for
sufficiently high ~s, the latter cross section over-
comes the photoproduction cross section. This dif-
ferent behavior is due to the factor (1—Mp/vs )~"

appearing in the cross section for pp~PQ, com-
pared to the factor (1—Mp /s)" of Eq. (3). Of
course HERA energies will not reach this asymp-
totic regime. We stress once more that for the pro-
duction of the Ps state, hadron-hadron interactions
are inappropriate and consequently e-p reactions
may be a unique source for their production. At
this point a remark is in order. We took for the
gluon distribution function a Q -independent
parametrization. This choice was simply dictated
by our ignorance on the actual shape of the gluon
distribution function. We have, however, extended
its use to very high Q values where G(x} might
have changed appreciably. The general trend of
parton (gluon) distributions is to shrink towards
the low-x region as Q increases. Our value of x is
in the region of x -0.5 and therefore the above
cross sections would be reduced in an amount
which cannot be easily estimated, since it is very
sensitive to the initial shape of G(x} at low values
of Q . Here, we only note that the effect of scaling
violations is less severe in our case than in pp (pp)
collisions at the same value of ~s, since the factor
G(x =M /s) of Eq. (2) is replaced by
[G (x =M/v s )] in the pp (pp) cross section. Of
course, the effect of scaling violations is reduced or
even inverted going to large enough values of v s.

To conclude, we may briefly summarize our
results as follows. We were interested in the pro-
duction of neutral-colored hypermesons, and more
specifically, the production of the Ps and P8 states.
Since these pseudo-Goldstone bosons are expected
to be rather massive (-250 GeV), in fact too
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heavy to be produced at LEP, we have considered
the possibility of detecting them in e-p machines,
i.e., at HERA. pp and pp collider machines have
been previously suggested for the production of the
Ps via gluon-gluon annihilation. The Ps state, on
the contrary, cannot be produced in pp (or Pp3 by
this mechanism. Therefore, an e-p machine turns
out to be a unique means for the production of the
colored Ps boson. Furthermore the background is
somewhat reduced and the eA'ective luminosity
quite large due to the quasireal photon dominated
cross section. In addition, the photon energy is
easy to control by measuring the energy loss of the
scattered electron. The resulting cross sections lie
within experimentally detectable limits at the top
HERA energies. It is an unfortunate fact that
HERA capabilities shall not extend to higher ener-

gies in order that one could reach energy regions

comfortably above the production threshold for
these PGB states. Gf course, it is not at all ex-
cluded that the hypercolor group be SU(N) with
N &4 and, consequently, the cross section for their
production at HERA would be larger, both because
of the available phase space (the masses of the P'
states being lower) and the extra (N/4) factor
coming from the anomaly. Finally, we like to
point out that a positive signal in such processes
should be taken as a confirmation of hypercolor,
since the production cross section for a Higgs bo-
son of comparable mass in a photoproduction pro-
cess is several orders of magnitude below the pro-
duction rates given above.
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