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We have measured the inclusive 7% production at high transverse momentum from both pion and proton beams at 100
and 200 GeV/c. Salient characteristics are a wide plateau in the cm angular distribution and evidence for scaling in both np
and pp interactions. The n¥p — 79X cross sections fall less steeply with xy = (P;[/Pmax)cm’ and peak at x| = 0.14, in contrast

to the pp ~ #°X cross sections, which peak at x)=0.

The observation of particles produced at large trans-
verse momentum p, has provided considerable insight
into the fundamental interaction between the consti-
tuents of the incident hadrons. Not only theoretical,
but also experimental effort has concentrated on
proton—proton interactions in the central region
(around 90° in the center of mass (c.m.)). Progress in
understanding may be made by extending the data over
larger angular regions, and by varying the constituent
composition of the incident beam. Toward this end,
we present the first comparison of inclusive 70 produc-
tion from 7t and p beams in a broad kinematic region.
We find a significant difference in the x, = (P/Pya)cm
distribution of 70’s produced by pions compared to
that produced by protons. New data from forward
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angles enable us to probe the difference in the momen-
tum distribution of constituents in the pion and proton.

The experiment was conducted in the M2 beam at
FNAL, and the apparatus and a subset of the data
limited to the 90° region have been described else-
where [1]. The experimental apparatus consisted of
two independent Cerenkov counters for tagging indivi-
dual beam particles, a liquid hydrogen target, and a
photon detector (for details of the photon detector,
see ref, [2]).

The photon detector consisted of alternating layers
of scintillator and lead sheets. The layers of scintillator
were divided horizontally and vertically into 70 long
narrow rods (73.5 X 1.05 ¢cm). Eight layers were
coupled together to integrate the shower development
through 19 radiation lengths of lead, and the pulse-
height distributions in these counters were proportional
to the energy deposited by photons hitting the detector.
The position and energy of showers found in the detec-
tor allowed the mass of the parent particle to be recon-
structed. The mass spectra of photon pairs (corrected
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Fig. 1. The invariant cross section for #° production versus xy for several reactions: (a) #7p at 100 GeV/c; (b) pp at 100 GeV/c;
() n7p at 200 GeV/c; (d) pp at 200 GeV/c. For display purposes, the cross sections in alternate p| intervals are labelled. Smooth
curves indicate the parametrization described in the text.

for geometrical acéeptance and with empty-target Am2jm?2 = 12%. The 70 signal was extracted by fitting
background subtracted) were divided into course bins a gaussian signal plus a linear background to each mass
in p, and x. The spatial resolution (1 mm), energy distribution. The background has a magnitude ~ 10%
resolution (AE/E FWHM = 0.20/r/E(GeV)) and target of the 70 signal and is composed of pairs of unrelated
length (60 cm) contribute to an overall resolution of photons and hadronic showers. The measurements
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Fig. 2. The invariant cross section versus 8 o for np = n9+X
at 100 GeV/c. Alternating p| intervals are labelled and are
denoted by open and closed symbols. These points are plotted
at the 6 oy, corresponding to the bin centers of p, x| bins
shown in fig. 1a. The smooth curves display the parametriza-
tion described in the text.

presented herein cover the angular region 15°—115°

in the c.m. for 7* and p beams at 100 and 200 GeV/c,
and they also include n* and p forward angle data
(2°-20°) at 100 GeV/c, and 300 GeV/c pp data in the
c.m. region 60°—110°.

Fig. 1 shows the invariant cross section*! for parti-
cular bins of p, plotted against x .. Several features are
apparent visually: the pp cross sections appear to reach
a maximum at x| = 0 as required by symmetry, and
fall rapidly with increasing x;. In contrast, the 77 p
cross sections *2 appear to reach a maximum at x,>0,
and vary much less rapidly with increasing x. For
example, at 100 GeV/c for 2.0 <p, < 2.4 GeV/c the
7~ p and pp cross sections are nearly equal at x; =0

! Space limitations prohibit complete presentation of the
data. BNL-#23844 contains the data in a tabular form.

2 In this experiment all #"p — n®X data are consistent with
7*p — 79X, and only the (more complete) np data are
presented herein.
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Fig. 3. The invariant cross section multiplied by (pi+ m2)y¥
for n7p interactions at 100 and 200 GeV/¢, where the values
used are m? = 0.97 and N = 5.06. Data in three angular regions
(90°, 30°, 10°) fall on the same band. The smooth curve dis-
plays the parametrization, and demonstrates that this quantxty
no longer depends on 6, or s.

but by x; = 0.7 the 7~ p cross section exceeds that of
the pp by an order of magnitude. Data at much lower
p, have indicated such a shift in the 7*p inclusive
reactions [3}; however, this is the first observation at
high transverse momentum. As another way of visua-
lizing the same data, fig. 2 shows the invariant cross
sections versus 8.y, 3. The central plateau for inclu-
sive production is quite striking: the mp cross sections
are roughly flat from 90° to ~30° in the c.m. As has
been measured at the ISR [4], the pp cross sections
are also flat, but in a more limited region 50°< 8
<90°.

All the data points at all available energies for a
particular beam type (with x <0.8) have been fit **
to an empmcal form E do/dp3=A(1 —xD)F/(pl +m2yV,
where xpy = {x? + (2, — X))} Y2 and x, = @, /P madem:

*3 The values and extent of 6 ¢ for which these data are
plotted correspond to the center and width of a Apj, Axy
bin; i.e. the data are not rebinned.

* Including also pp data at 300 GeV/c in the 90° em region.
Note that data for x| > 0.8 are not included in the fit. The
parametrization is integrated over p) and x; and then com-
pared to the data in each bin.
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Table 1
Values obtained for least-squares fit to the form E do/dp® = A(1 — xp)F/(p}+ m2)NV, where xp= o3+ (e — x¢)2)V2 (fits for
x) < 0.8).
Beam particle A F Xg N m? x%/DOF
(beam momenta fit)
GeV) (x 10725cm?/GeV?) (GeV/c?y?
pp .122:0. A42+0. 0.02+0.01 4.90:0.06 0.8110.04 306/142
(100, 200, 300) 0.122+0.015 4.42+0.05 02+
TP 11320, 13£0.1 14£0.01 5.06:0.06 0.97£0.04 271/132
(100, 200) 0.113x0.015 3.13+£0.10 0.14:0.0 /
a*p

. . . 1 .14+0.01 5.00+0.07 0.95+0.04 325/130
(100, 200) 0.102+0.015 3.29£0.10 0.14x /

Here x is the value of x| at the peak in the x distri-
bution and hence represents the displacement (as in
the mp data) of the peak position from x; = 0. For
xq = 0 (as for the pp data) xp is then the usual radial
variable xp = (2 + x|2|)1/2. The parameters 4, m2, F,
N, and xy are determined from the fit, and the smooth
curves shown in figs. 1 and 2 display the parametriza-
tion *5 using the best-fit values given in table 1. It is
visually apparent that this simple form is qualitatively
able to describe data within an extensive region of the
Peyrou plot.

Several features of the data are evident from this
fit. (1) The p, dependence at fixed xp, is virtually iden-
tical for 7p and pp interactions ((p2+m2)~V, where
N,=4.9 and N, = 5.0)*¢. (2) The np interactions have
an x dependence which peaks at x; = 0.14 while the
pp interactions are symmetric about x =0. (3) The
7 p cross sections scale as a function of x|, independent
of 8, and s as shown in fig. 3 where the (p?+m2)~N
dependence is multiplied out. Although not shown, the
pp cross sections scale as a function of xy . Since xg #
xp, if x # 0, xyy scaling in 7p interactions implies only
approximate radial scaling. (4) Our determination of

*5 Two effects occur if one parametrizes the mp cross sections
without an xy offset: the band of data points shown in fig.
3 becomes substantially more scattered, and the x2 of the
parametrization increases by a factor of ~1.5.

*6 Although we do not measure pIs as has been seen in other
experiments at FNAL, and the ISR, we note that in the
limited interval 1< p| < 4 GeV/c, it is quite difficult to dis-
tinguish p® from (p?+m?)"5; thus experiments with data
extending to higher ranges of p, have a better determination
of the p, falloff. Alternatively, this may be a transition re-
gion in which the deviation from low-p; exponential falloff
has not been completely established.
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(1 — xg)** for the pp data depends more on the angu-
lar dependence of the data rather than its energy de-
pendence. This value of F agrees with that found by
Carey et al. [5] in a similar kinematic region. The

pp > 79X cross sections measured in this experiment
are consistent with the average of the 7+ and n~ results
in pp - 7*X at FNAL over a larger range of p, at 90°
[6]. However, the energy dependence of the pp > X
cross sections at fixed p, requires a (1 —x,)? form.

A generalization of this to (1 — xg)° would be too
steep to accommodate the angular behavior of our
data.

Some of these features of the data can be under-
stood in the context of hard scattering models [7—9].
The value of N primarily arises from the scattering
amplitude of the constituent—constituent scattering,
thus the similarity between Nyand N, strongly suggests
that the same constituent scattering is involved in both
reactions. The fact that the maximum of the np cross
section occurs for x; > 0 can be understood in that
a quark in the pion has on the average a higher momen-
tum than a quark in a proton, and therefore the quark—
quark system is not at rest in the 7p c.m. system [10]¥7.
The (1 —xp) dependence primarily arises from the
momentum distribution of constituents within the in-
coming particles. The (1~ xp)3-1 for the n~p inter-
actions is substantially less steep than (1 — xp, )44 for
pp interactions, which can be interpreted to mean that
the structure function for pions is flatter than protons.

In summary, there are several conclusions to be
drawn from this analysis; (a) both #p and pp interactions

*7 Note that a similar argument pertains to the forward peaking
of ¢ production in the n~p reactions [11].
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scale as a function of a dimensionless variable; (b) the
same constituent scattering prevails in both 7p and pp
interactions; (¢) on the average, constituents of the
pion have a higher momentum than those in the pro-
ton.
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