
PHYSICAL REVIEW D VOLUME 34, NUMBER 11

Brief Reports

1 DECEMBER 1986

Brief Reports are short papers which report on completed research which, while meeting the usual Physical Review standards of
scientific quality, does not warrant a regular article. (Addenda to papers preuiously published in the Physical Review by the same
authors are included in Brief Reports )A .Brief Report may be no longer than 9$ printed pages and must be accompanied by an
abstract. The same publication schedule as for regular articles is followed, and page proofs are sent to authors

On the electromagnetic contribution to inclusive production
in proton-air collisions in the regime of projectile fragmentation

R. Astur' and T. Ferbel
Department ofPhysics and Astronomy, Uniuersity ofRochester, Rochester, ¹wYork 14627

(Received 17 July 1986)

We calculate the inclusive charged-particle differential cross section in p-' N collisions expected
on the basis of the inelastic p-'4N electromagnetic interaction at high energy.

In a recent paper, ' Ferbel and Zielinski discussed the
possible impact of electromagnetic production on tests of
the validity of the hypothesis of limiting fragmentation~
for the projectile-fragmentation regime in proton-air col-
lisions at cosmic-ray energies. Although the calculated
total inelastic cross section that could be attributed to pro-
duction in the Coulomb field of '~N nuclei (Primakoff
mechanism ) corresponded to only -0.5% of the inelastic
p-' N cross section, it was conjectured that the elec-
tromagnetic yield would be restricted to a rather narrow
region of phase space (of forward rapidities}, and could
consequently have an anomalously large effect on the in-
clusive differential cross section in the region of proton
fragmentation.

In this paper we present the results of the more detail&
calculation of the differential inclusive yield of charged
particles in the rest frame of the incident proton, for in-
teractions in the nuclear Coulomb field. As in the origi-
nal work, ' we have included atomic screening effects,
which are important for incident proton energies of & 10
TeV.

The present calculation is based on the formulation
given in Ref. 1, and on data for inclusive production of
charged particles in y-p photoproduction reactions of the
kind
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Coulomb contribution to hadron production grows with
incident proton energies. To gauge the effect of this con-
tribution, we must compare the value of der/dvi =0.5 mb,
for vi=0, to that expected from purely hadronic produc-
tion. Results from the colliders indicate that, for pp col-
lisions, do&~/dvi, near vi=0, is -25 mb (Ref. 5). If the
inclusive yield (differential multiplicity) for pseudorapidi-
ties near vi 0 is independent of target material, s then the
yield from hadroproduction in p-' N collisions at vi=0 is
expected to be dtr/d vi =200 mb. Consequently, it appears
that the effect of the Coulomb contribution on the dif-

y+p ~charged particle+ anything .

The inclusive inelastic differential cross sections for reac-
tion (1), as a function of energy of the incident photon,
were folded in with the Primakoff formula to provide the
inclusive yield of charged particles in p-' N collisions,
shown in Fig. 1. [The pseudorapidity (q) is defined rela-
tive to the rest frame of the proton. ]

The bands in Fig. 1 reflect approximately one-
standard-deviation uncertainties in the cross sections for
reaction (1). As anticipated, the inclusive yield from the
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FIG. 1. Calculated inclusive yield of charged particles pro-
duced in inelastic Coulomb interactions in p-' N collisions. The
results are shown as a function of incident proton energies for
pseudorapidities (g) defined relative to the incident proton.
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ferential cross section is just as small as that on the total
cross section. The most likely reason for this is that, al-

though the electromagnetic contribution is in fact more
localized near rl =0, the average multiplicity for these in-

teractions is far lower than for diffractive hadronic
sources. Consequently, we conclude that the effect of the

Coulomb contribution to the indastic inclusive spectrum
can be ignored for cosmic-ray energies of order &10
TeV.
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