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The authors have measured the large-p z inclusive cross sections for ~ and g produc-
tion near 90' in the center-of-mass system in 2 00- Gev/ c++ and proton collisions with

beryllium, carbon, and aluminum targets. The cross section for both & and g mesons
rises with increasing nucleon number (4,) of the target nucleus as g~, with ~ & 1. The
ratio of the 7t yield in pP collisions to that in &+p collisions decreases with increasing p z.
PACS numbers: 13.85.Ni

It has been known for some time that hadron-
nucleus inelastic total cross sections increase
nearly in proportion to A~'. This suggests that
strong interactions at the surface of the nucleus
shield the interior from the incident beam. On
the other hand, single-particle production on
nuclear targets at large transverse momenta
has been found to increase in proportion to A. ,
with values of n &1.' Although secondary scatter-
ing mechanisms can account for the anomalous
nuclear enhancement, ' there is as yet no gener-
ally accepted explanation for the effect. It has
been suggested that the dependence of the power
a on the species of produced particles might be
sensitive to the dynamics. Previous measure-
ments of o. at large pr range from -1.1 for pro-
ducing &' to -1.3 for producing protons. ' Here
we report on an experiment performed in the
M-1 beam at Fermilab, which extends such
measurements to include neutral mesons.

The overall arrangement for the experiment is
shown in Nelson et al. ' The incident positive
beam (83%p, 3% K', 14% w') of 200 GeV/c mo-
mentum was defined by several scintillation
counters. A Cherenkov counter in the beam line
was used to tag &' particles (kaons were treated
as protons). The nuclear targets were -0.1 ra-
diation length thick. Two sets of counters down-
stream of the target, situated just outside of the
beam, were used to define an interaction in the
target. Various veto and halo counters suppressed
triggers from the region around the beam; also,
a wall of scintillation counters, that shadowed
our electromagnetic-shower detector, suppressed
triggers from particles produced by interactions
upstream of the target.

Photons were detected using a liquid-argon
calorimeter (LAC), located 8 m from the target,
and centered at an angle of 100 mrad relative to
the beam; at large pr, this angle corresponds to
a production angle of 90 in the center-of-mass
system for this experiment. The sensitive area
of the LAC was 1.4 m&0. 81 m. The LAC had
alternate layers of X and F readout strips; the
strips were 1.27 cm wide. The correlation be-
tween the X and P view was made on the basis of
energy matching. Further details on the LAC
construction and performance are given in Ref. 3.

The trigger for the experiment required an
interaction signal from counters just downstream
of the target and a suitably large transverse mo-
mentum signal from the LAC. A "global p~"
signal was formed with specialized electronics
that added all of the 112X-strip energies, each
attenuated by a factor equal to sin6) for that strip,
where 8 is the laboratory angle; i.e., (pr )&„b„
= P',",E, sin&, . The trigger threshold was ad-
justed in order to equalize the data accumulation
rate across the detector. The effective thresh-
old varied from pr-2. 3 GeV/c at large angles
to p~-3.0 GeV/c at small angles. The trigger
reached nearly full efficiency -0.5 GeV/c above
the nominal threshold value. We will present
our results corrected for this inefficiency.

In addition to the global-p~ trigger, a "local
p~" requirement of at least 0.6 GeV/c in three
neighboring X strips was also imposed at the
trigger level. This served to suppress coherent
noise and those multiphoton events in which there
were no rr' or t) mesons produced with pz above
1.2 GeV/c.

A minimum energy cut of 1 GeV per photon
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yielded an average photon multiplicity for all
triggers of 4.4 photons in the LAC per event.
When at least one two-photon combination had a
Pr& 2.5 GeV/c, this multiplicity dropped to 2.6
photons per event.

In Fig. 1 we show the two-photon mass spectra
for all photon pairs with pr & 2. 1 Ge V/c, and en-
ergy asymmetry A & 0.8, where & =

~
& yj

—& y2 I /
(~z, +E») = ~cos6„~, with O„the helicity angle
of the photon in ~' or g decay. A narrow signal
above a very small background is seen at the &'

mass, and a clear signal is observed at the g
mass. Reconstruction efficiencies for ~' and g
events are greater than 99%%up for two-photon
events, and are on the average -95/p for photon
multiplicities above two. For further analysis,
the &' and g mass regions were defined, respec-
tively, by a 50-MeV band centered on the &'

mass, and a 100-MeV band centered on the ob-
served g mass. In extracting cross sections as
a function of pz, , a sideband subtraction of the
background was performed and normalized ac-
cording to the fits shown in Fig. l.~

A Monte Carlo simulation of the detector was
used to evaluate the geometrical and trigger effi-
ciencies of each observed event. For &"s point-
ing from the target to a fiducial area of 110 cm
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FlG. 1. Two-photon mass spectra for photon pairs
with energy asymmetry & & 0.8.

in X by 60 cm in F the geometrical efficiency for
( cos6t„~ &0.8 was typically -90p/p, the worst over-
all efficiency (trigger and geometry combined)
was 30'%%up near the very edges of the fiducial
region. In the results to be presented, only sta-
tistical uncertainties will be given. Systematic
uncertainties in the pr scale arise from two main
sources: namely, survey uncertainties in the
position of the LAC (1%), and uncertainties in the
energy calibration (-1.5'%%up) ~ We estimated the
latter through our ability to constrain simulta-

TABLE I. Invariant cross sections for ~o production (cm2/GeV2 nucleus) averaged over the pr bin and the center-
of-mass rapidity interval (-0.75 to +0.2).
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TABLE II. Invariant cross sections for g production (cm /GeV nucleus) averaged
over the p & bin and the center-of-mass rapidity interval (—0.5 to +0.1).
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neously the v' and t) masses to within -1/c of ac-
cepted values. The effects of changes in the pr
scale, combined with other uncertainties, yield
an absolute normalization uncertainty of *15%
in our cross sections.

The cross sections for &' and g production are
given, respectively, in Table I and Table G.
The proton data are displayed in Fig. 2. We
have fitted the nuclear-target dependence of the
cross sections by the commonly used form A

which adequately describes our data. The fit
yields a value of n, o =1.11+0.05 for pA - n'X.
(We have not observed a significant variation of

X
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~ H

o Be
~ C
o AR

o. with pr or rapidity and have consequently inte-
grated over our pr a,nd rapidity ranges. ) We
have also obtained fitted values of n „=1,14 ~ 0.30
for pA-gX and n„o =1.11+0.15 for v'A —n'X
These results are consistent with previous meas-
urements of n „+ in our pr range. "

The ~' cross sections agree to within 20/c with
the pBe —&'X data of Ref. 1, when the latter are
averaged over &' and & production; our results
are also consistent with other measurements' of
n' production on C, Be, and hydrogen at 200 GeV/
C.

Within experimental errors, the ~o and g cross
sections have the same pr dependence. The ratio
of g to r' production averaged over our data on
carbon is t)/v'=0. 53 +0.03, which is consistent
with recent measurements at large pr on hydro-
gen' and on beryllium' at 200 GeV/c.

One of the earliest indications that large-pr
production could be related to hard scattering of
constituents was provided by Donaldson et al. ,

'
in their observation of an increased yield of ~"s
at large pr in s'p relative to pp collisions. This
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FIG. 2. Invariant cross sections for the production
of ~ and q in proton-nucleus collisions at 200 GeV/c.

FIG. 3. Ratio of the invariant cross sections for ~
production at 200 GeV/c. The hydrogen data are from
Donaldson et al. , Ref. 6.
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increase was attributed to the higher probability
of finding a large-x valence quark in the struc-
ture function of a pion. Our results shown in
Fig. 3 indicate a similar effect in interactions on
nuclear targets. This suggests that any rescat-
tering that occurs in meson production from nu-
clear targets (i.e. , ct&1) does not obscure the
differences observed in the hard interactions of
pions and protons on hydrogen.

We have, in addition, observed a small signal
for uP production in the decay mode &u'-&'y (30
~10 events), which corresponds to a cross sec-
tion E der(pC-+'X)/d'p of 1.1+0.4 pb/GeV' at
pr=2, 5 GeV/c (y, =0). Thus the ratio of &uo to
&' production is &u'/v'=0. 40+0.13, which agrees
with a similar measurement' made on beryllium.
~e also quote an upper limit for E do ( pC - t')X) /
d'p of 1.8 pb/GeV' at pr=2. 5 GeV/c.

Summarizing our results, we find that the
character of the increased production of large-pr
~' and g mesons in the interaction of &' and pro-
tons on nuclear targets is similar to meson pro-
duction on hydrogen. This suggests a common
primary and secondary scattering mechanism for
m', m', and q production.
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