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The observation of particles produced at large transverse momentum (p~) 

has provided considerable insight into the fundamental interaction between the 

constituents of the incident hadrons. Not only theoretical, but also experi

mental effort has concentrated on proton-proton interactions in the central 

region [around 900 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 nO production from n± and p beams in a broad kinematic 

region. We find a significant difference in the x - (1',/1') distribu'1 I max c. m. 
otion of n s produced by pions compared to that produced by protons. New data 

from forward angles enable us to probe the difference in the momentum distri

bution 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 900 region have been described else

1where. The experimental apparatus consisted of two independent Cerenkov 

counters for tagging individual beam particles, a liquid hydrogen target, and 

2 
a photon detector. 

The photon detector consisted of alternating layers of scintillator and 

lead sheets. The layers of scintillator were divided horizontally and verti

cally 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 detector allowed the mass of the parent particle 

to be reconstructed. The mass spectra of photon pairs (corrected for geomet

rical acceptance and with ~mpty target background subtracted) were divided 

into course bins in P.L and xII' The spatial resolution (± 1 mm). energy 

resolution (~E/E FWHM = .201IE(GeV» and target length (60 cm) contribute 
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A 2/ 2 12% The nO signal was extracted byto an overall resolution 0 f um m = •• 

fitting a gaussian signal plus a linear background to each mass distribution. 

"tude ~ 10% of the nO signal and is composed of pairsThe background has a magn1� 

The measure-�of unrelated photons and hadronic showers. 
+ 

ments presented herein cover the angular region ISo - llSo in the c. m. for n
+ 

and p beams at 100 and 200 GeV/c, and they also include n- and p forward angle 

data (20 - 200 ) at 100 G~V/c, and 300 GeV/c pp data in the c.m. region 60° 

110° •� 
Figure 1 shows the invariant cross section) for particular bins of Pi.� 

plotted against x~. Several features are apparent visually: the pp cross 

sections appear to reach a maximum at x \ = a as required by symmetry, and
l

-� 4fall rapidly with increasing X w In contrast, the 1T p cross sections� 

appear to reach a maximum at x." > 0, and vary much less rapidly with increas�

ing x \. For example, at 100 GeV/c for 2.0 < Pi. < 2.4 GeV/c the 1T-p and pp 
l�

cross sections are nearly equal at x~: a but by XI': 0.7 the 1T p cross� 

section exceeds that of the pp by an order of magnitude. Data at much lower P~ have 

5indicated such a shift in 1T±P inclusive reactions ; however, this is the first� 

observation at high transverse momentum. As another way of visualizing the� 

6�same data,� Figure 2 shows the invariant cross sections versus a The c. m.� 

central plateau for inclusive production is quite striking: the np cross� 

sections� are roughly flat from 900 to ~ 300 in the c.m. As has been measured� 

7�
at the ISR, the pp cross sections are also flat. but in a more limited region� 

sao < e < 90°.� 
c.m. 

All the data points at all available energies for a particular beam type 

8
(with XII < 0.8) have been fit to an empirical form E da/ dp3 .. A(l-xD) F/(Pi?+m2)N 

'') 2 ll!'l.
where xD :� {x..t.""+(x" -x ) ( and xJ.. = (PJ..!Pmax)c. m. Here X is the value of o o 

XII at the peak in the XI' distribution and hence represents the displacement 
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(as in the 1Tp data) of the peak position from x.. = O. For X o = 0 (as for the 
2 2 1/2 

pp data) X is then the usual radial variable x = (x..L. + xII) • The param-Ro 
A 2 F N and x are determined from the fit. and the smooth curveseters • m. •• 0 

shown in Figures 1 and 2 display the parameterization using the best-fit values 

given in Table I. 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~ depend
2"d� . 1 f d i i [(p..L.2+m )-Nence� at fixed x is virtua11y 1 ent~ca or 1Tp an pp nteract ons. n 

where N = 4.9 and N = 5.0].10 2) The 1Tp interactions have an x" dependence 
p 1T� 

which peaks at x \ = 0.14 while the pp interactions are symmetric about XII = O.� 
l 

3) The 1T-p cross sections scale as a function of x independent of e and sn c.m. 
2 2-N as shown in Figure 3 where the (P..l. +m) dependence is multiplied out. Although 

not shown. the pp cross sections scale as a function of xR' Since xR +xn' if� 

X +O. x scaling in 1Tp interactions implies only approximate radiaL scaling.� 
o n 

4) Our determination of (1_~)4.4 for the pp data depends more on the angular 

dependence of the data rather than its energy dependence. This value of F agrees 

with that found by Carey ~!!.11 in a similar kinematic region. The pp ~ 1T
O
X 

cross� sections measured in this experiment are consistent with the average of� 

+ - +�the 1T and rr results in pp ~ 1T-X at FNAL over a larger range of P..L. at 900 
•
12� 

+�
However, the energy dependence of the pp ~ 1T-X cross sections at fixed P~ requires 

9 9 a (l-x.J form. A generalization of this to (l-x ) would be too steep to accom-R�

modate the angular behavior of our data.� 

Some of these features of the data can be understood in the context of hard 

13-15scattering models. The value of N primarily arises from the scattering 

amplitude of the constituent-constituent scattering. thus the similarity between 

N and N strongly suggests that the same constituent scattering is involved in 
p rr 

both reactions. The fact that the maximum of the 1Tp cross section occurs for 
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X \ -' 0 can be understood in that a quark in the pion has on the average
l 

a higher momentum than a quark in a proton, and therefore the quark-quark 

16
system is not at rest in the np c.m. system. The (l-x ) dependence primar-D

ily arises from the momentum distribution of constituents within the incoming 

particles. The (l-x )3.1 for the n-p interactions is substantially less steep
D

than (l-x )4.4 for pp interactions. which can be interpreted to mean that the
D

structure function for pions is flatter than protons. 

In summary, there are several conclusions to be drawn from this analysis: 

a) Both np and pp interactions scale as a function of a dimensionless 

variable; b) The same constituent scattering prevails in both np and pp 

interactions; c) On the average, constituents of the pion have a higher 

momentum than those in the proton. 

We wish to acknowledge a helpful conversation with R.B. Palmer, and the 

continuing support of R. Kenney. This research supported by the u.s. 

Department of Energy under contract No. EY-76-C-02-0016. 
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do 
Values obtained for least squares-fit to the form E ~ •TABLE 1. dp 

F 
(l-~)  

2 2 ~ 

A 2 2 N' where ~ = (l:i + (x II -xo» (Fits for xII < 0.8) 
(t1L +m ) 

x 2 2
A F N m (GeV/c2) X2/00FBeam Particle 0 

(Beam momenta fit) (x 10-25 cm2/GeV2) 
GeV 

pp O.122±'0.0l5 4.42+0.05 0.02+0.01 4.90+0.06 0.81+0.04 306/142 
(100,200,300) 

-
11' P 0.1l3±0.015 3.13+0.10 0.14+0.01 5.06+0.06 0.97+0.04 271/132 
(100,200) 

1T
+

P 0.102+0.015 3.29+0.10 0.14+0.01 5.00+0.07 0.95+0.04 325/130 
(100,200) 

c 
( 

l 



FIGURE CAPTIONS 

Fig. 1. The invariant cross section for 
a 

1£ production versus x" for 

several reactions: (a) l£-p at 100 GeV/c; (b) pp at 100 GeV/c; 

(c) 1£ P 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 parameterization described in the 

text. 

-Fig. 2. The invariant cross section versus e 
c.m. 

for 1£ p + lfo+X at 100 GeV/c. 

Alternating p~ intervals are labelled and are denoted by open and 

closed symbols. These points are plotted at the e c.m. corresponding 

to the bin centers of Pol' x" bins shown in Fig. 1(a). The smooth 

curves display the parameterization described in the text. 

Fig. 3. The invariant cross section multiplied by 2 2 N 
(p~ + m) for -

1£ p 

interactions at 100 and 200 GeV/c, where the values used are 

m 
2 = 0.97 and N • 5.06. Data in three angular regions (900 

, 300 
, 

100) fallon the same band. The smooth curve displays the paramet

erization, and d~onstrates that this quantity no longer depends on 

e c.m. or s. 
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