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We suggest that a new large photonuclear interaction at very high energy, as postulated in con-
nection with the "muon excess" problem in cosmic rays, could also induce the large real part of the
elastic proton-antiproton amplitude reported from the CERN collider.

Recent reports' have strengthened the case for very-
high-energy point sources in cosmic rays, as well as for
the more controversial but very interesting possible muon
excess in the air showers associated with them.

Although the most natural description of the radiation
from the point sources is that it is photons, photon-
initiated showers contain few pions and so are expected
to be muon poor. Hence if the muon excess indeed ex-
ists, and the primary particles are photons, no explana-
tion seems to be available in the present framework of
conventional physics.

Some time ago, we speculated that an explanation
could perhaps be found in the very-high-energy behavior
of photonuclear cross sections. If the photonuclear in-
teraction around or above the Fermi (TeV) scale became
"strong, " a photon entering the atmosphere would have
an almost geometric "black disc" cross section on an air
nucleus. It then has nearly the same chance for starting a
hadronic cascade as for producing an e+e pair. The in-
itial stages of a photon-induced cascade in the atmo-
sphere thus have a hadronic character and can give
muons. (This would be particularly so if a particle associ-
ated with the new threshold —e.g. , "a strongly interacting
Z meson" —decays directly to muons).

In this Brief Report we would like to point out a possi-
ble connection with another experimental anomaly of re-
cent years (which, like the muon excess, needs further ex-
perimental confirmation): the large real part of the
proton-antiproton elastic forward-scattering amplitude
found at the CERN collider.

In the traditional picture of elastic-scattering ampli-
tudes at high energy, diffractive processes dominate and
the real part of the elastic amplitude should become
negligible relative to the imaginary part. This follows
from analyticity in the form of the dispersion relations
and the physical assumption that the difference in total

cross sections

tr(pp) —cr(pp)
2

goes to zero at high energy. This later assumption, al-
though very plausible in a diffractive picture, remains an
assumption, and one of the hypotheses that may be enter-
tained to explain a large real part is that the assumption
fails at TeV energies in the center of mass.

Now, it is interesting to remark that the "strongly in-
teracting photon" invoked for the cosmic-ray problem
could produce precisely such an effect through the in-
terference of electromagnetic and strong amplitudes. The
interference between the new interaction and the usual
strong interaction must start by being linear in e; and
thus being sensitive to the sign of the beam, will induce a
difference in p and p cross sections.

For example, consider a process as discussed in Ref. 4,
where in pp scattering a quasireal photon from the
equivalent-photon beam carried by the antiproton (or its
quarks) interacts on the proton to produce an arbitrary
final state. Let the energy be high enough so that for a
significant part of the quasireal-photon spectrum the
photon-proton c.m. energy is above the presumed new
threshold. Then the amplitude for the photon to be
present with sufhcient energy is =e. Since the photon-
absorption amplitude will be like that for a hadron it is
not unreasonable to assume that the amplitude for this
process could be substantially in phase with that for the
analogous purely hadronic processes. Upon summing
and squaring with these purely hadronic amplitudes to
the same final states, we then expect an interference term
Bo(pp)=2eF[cr(yp)a(pp)]'~ The factor F. essentially
represents the degree of overlap or coherence among the
final states reached by the photon processes and by the
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conventional processes.
Repeating the argument for pp scattering gives the

same expression with the opposite sign (from the opposite
sign of the photon-emitting vertex), thus giving, for o

5cr =+2eF+tr(yp)tJ(pp) .

Thus even if conventional hadronic processes give a
negligible o. , this mechanism can lead to a nonzero
difference of cross sections. In various analyses it is
found that about —2 to —5 mb for a in the TeV range
could suffice, via the dispersion relations, to induce the
large real part. Since e =0.08 is not terribly small it is
not impossible that with o.(pp) =60—80 mb and with the
"strongly interacting photon, " cr(yp)=many tens mb,
that the required 6o. can be obtained. The great un-
known of course is the overlap factor F, which must not
be allowed to be very small; i.e., the photon-induced reac-

tions must be largely coherent with the hadronic ones.
(For this reason we do not include very high impact-
parameter photon-induced processes. ) Unfortunately
without a detailed model our suggestion does not imply
any particular sign, nor is it possible to say what happens
at even higher energy, well beyond the TeV scale.

Although the reasons which might be adduced for the
hypothesis of a large increase in the photonuclear cross
section, such as "parton proliferation, " do not seem par-
ticularly strongly motivated, it is an intriguing possibili-
ty, and one that is subject to experimental test. We
would especially like to recall that in Ref. 4 it was ex-
plained how a colliding beam experiment dedicated to
very small momentum transfer could be used to look for
an anomalous high-energy photon total cross section.

I would like to thank K. Goulianos for extensive dis-
cussions on the current status of the real part problem.
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