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Measurements of recognized ~ production in p-Be collisions for 0.1 &%~&0.5 and
-0.8 &X+&0.0 at 200, 300, and 400 Gev/c are presented. These invariant cross sec-
tions are fitted by E do/dpi=A(l-Xs) "PA over this range of AA and Xz with M=4.88
+ 0.14 and ¹8.90+ 0.10 independent of energy. No significant evidence for breaking of
this scaling is observed over this large kinematic region at these energies.

The measurement of high-P~ and large-X~ in-
clusive production of v"s in PN collisions has
been the object of a number of experiments at
Fermilab' ' and the CERN intersecting storage
rings (ISR).' " These experiments have attempted
to determine whether the invariant cross section
can be described over the entire kinematic range
and at all energies by a factorized scaling form'
in P ~ and the radial scaling variable Xs = (Xz'
+X~')"'. We report the results of a measure-
ment of E do/d'p over a large range of P~ and XR
at 200, 300, and 400 GeV/c in the halo-free pro-
ton beam" of the west branch of the proton area

at Fermilab. We have compared these cross sec-
tions with the explicit form

Edo/d P =AP "(1-X )s.

The experimental apparatus, shown in Fig. 1,
consisted of a two-arm photon spectrometer.
Each arm contained collimators, a 10-kG m
sweeping magnet, a six-plane multiwire propor-
tional chamber system, and a 25-element lead
glass Cherenkov counter array along with Lucite
(L 1, L2, L3) and scintillation (Sl, S2) counters.
The lead glass arrays were 260 and 240 in. from
the thin transmission targets, having 2.0 and 2.6

LEAD GLASS

~
ARRAY

~—PWC-5
filI

SCINTIL LATOR
HODOSCOPE

(SI-S2)

—TRANSMISSION

TARGET

MAGNET HODOSCOPE
(LI, L2,L5)

LI I5 Rl

CONVERTER

FIG. 1. Schematic view of the double-arm spectrometer.
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msr of acceptance, respectively. The two pho-
tons from 7t "s were both detected in one or the
other of the two arms of the spectrometer which
were triggered independently. Data were taken
at 200, 300, and 400 GeV with the arm angles
varied from 5.8' to 18.5' in the laboratory system
(90 -150' c.m. system). Thin foil beryllium tar-
gets (8 and 34 mil) were used and the cross sec-
tions per nucleon are quoted on the assumption of
a linear A dependence. " The trigger for the m'

events consisted of the requirement that no
charged particle be seen in the Lucite hodoscope
(Ll and L2 off) and that a minimum energy be ob-
served in the lead glass array. The cross sec-
tions independently determined from each arm
agree within assigned errors.

The position of each of the photons from the m'

decay was determined'4 by fitting the observed
fractional energy deposit in each 2-,' by 2-,' by
24 in. ' (24 radiation lengths) element of the lead
glass array with the predictions obtained from
shower calculations. " These calculations were
checked by measurements of the actual trans-
verse shower development produced by 4- to 32-
GeV/c electrons from an electron beam" which
was constructed from elements of the "P-West"
proton transport in order to allow calibration in
situ of the detector. The achievable position res-
olution for the array was approximately o - 0.25

in.
The linearity of the lead glass array was mea-

sured to be better than 0.5% up to 30 GeV by use
of the calibration beam. Each of the elements of
the array was calibrated before and after each
run with this same beam. The gains of each
phototube were tracked between these calibrations
with a set of hydrogen thyratron light sources
monitored against a standard ' 'Am source. By
these techniques the mass of the z' peak could be
kept stable to a 1%. Shifts of gains due to beam
loading were observed to average less than 1%
over the arrays. The fundamental resolution of
the lead glass counters was measured" to be 0
—(7 5 GeV&&2)/@&/2 0/

The incident proton flux, which varied from 10'
to 10"protons per 1-sec spill during the course
of the running, was measured by two secondary-
emission monitors. The systematic error in the
absolute measurement of flux is estimated to be
less than 5%. The dead time was constantly moni-
tored for each data set and was of order 20% for
the inclusive m' measurement. The probability
that a g' event was vetoed by the presence of
charged particles was monitored by measuring
the fluxes of charged particles in the nontriggered
arm. The correction to the cross section is
typically 10/o for these data. Finally, the loss of
data due to conversions of one or both of the two
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FIG. 2. (a) Invariant cross section Edoldp per nucleon vs E~ in bands of Xz for p-Be collisions at 200 GeV. Lin-
ear 4 dependence is assumed. (b) 300-GeV cross section. (c) 400-GeV cross section.
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TABLE I. Summary of the two-dimensional fits of E do/dp3 (cm /GeV
nucleon) by the form A(1- Xs) "PJ ~ at 200, 300, and 400 GeV/c.

Energy
(GeV)

g2 per degree
of freedom

200
300
400

3.12+ 0.22
3.80 + 0.21
2.91+0.22

4.81+0.16
4.91+0.11
4.94+ 0.45

8.90 + 0.12
8.93 + 0.08
8.79 + 0.17

1.30
1.39
1.63

photons has been corrected by measuring the
conversion probability in the front two layers of
the Lucite hodoscope for photons from n"s for
data samples which require only a total-energy
trigger. This probability was measured to be
(16+ 2)% for a single photon independent of photon
energy.

The two-photon background shapes for each
two-photon mass spectrum were calculated as-
suming that the two photons were from uncorre-
lated m 's, with the observed inclusive P~ and X~
distributions. The fitted backgrounds under the
z, which depended mainly on threshold energy
and were independent of arm angle, ranged from
20% at low thresholds to 5/c for data sets with
higher thresholds.

In Figs. 2(a), 2(b), and 2(c) the invariant cross
section Edo/d'p is displayed as a function of P~
for bands of X~ for the three beam energies used
in this experiment. The relatively gentle varia-
tion of Edcr/d3p with X~ can be seen at all three

beam energies. A two-dimensional fit of the
cross section as function of X„and P~ has been
made independently for each energy with the form
Eq. (1). The results are given in Table I. If
data are distributed in X„and P J according to
Eq. (1) then the product P,"Edo/d'p should be a
function only of X~ and therefore be independent
of center-of-mass angle of the mo (e, ~) at fixed
X„. In Fig. 3(a) the product P~'oE der/d'p is dis-
played as a function of 0, ~ for different X~ bands
for the 200-GeV/c data. The distributions are
flat, demonstrating the L9, ~ independence of the
data.

Furthermore, if Eq. (1) describes the cross
section for mo production, then (I -Xs) "Edo/dsp
vs P~ will explicitly display the P~ dependence of
the data. In Fig. 3(b) this product (with M set
equal to 5 as indicated by the two-dimensional
fits) is plotted versus P~ for the three beam en-
ergies used in the experiment. The P~ ' behav-
ior and the equality of the cross sections can
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FIG. 3. (a) PJ9Edo/dp vs i), ~ at 200 GeV/c for various regions of X,,dg. (b) (I-Xg ado/dp vs P~ for 200,
300, and 400 GeV/c. (c) Pz"Edo/dp' vs Xz for 200-, 300-, and 400-GeV/c data. Fits to each data set are shown.
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clearly be seen at all energies.
Finally, the complementary plot to Fig. 3(b) is

the plot of PiQE do/d'P vs Xs. The variation of
this product with X~ is shown for the three beam
energies in Fig. 3(c). As is shown in Fig. 3(c)
and recorded in Table I, (1-Xs)~' is the pre-
ferred fit for all energies but the data may be
somewhat steeper at 400 GeV/c for the few low-
statistics, high-X~ points.

In conclusion, over a large range of X~ and P~
we have observed scaling and factorization of the
m' inclusive cross section as a universal function
of Xs and Pi at 200, 300, and 400 GeV/c. We
observe a much flatter Xs (etluivalent to X at 90'
center-of-mass system) dependence than that re-
ported by experiments performed at 90'."'"
Our result is in agreement with the recent exper-
iment of Donaldson et al. ,

4 performed at 100 and
200 GeV/c over X~ and Pi ranges comparable to
our experiment. Secondly, me observe no flatten-
ing of the P~ distribution of the cross section
over an X~ range comparable to that of the re-
cent ISR experiments"" which report a change
in I'~ exponent from 9 to -5 as P j increases. We
conclude that the phenomenon observed at the
ISR is due either to the high P~ or the large s"'
rather than to the large X~ of their data.
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