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ABSTRACT

The single particle inclusive cross sections for
+ + -
p+p=>"7, K, p, p+ X have been measured in the low
p. region < 1.5 GeV/c as a function of the radial scal-

1

ing variable X_ in p-p collisions at 100, 200 and 400

R
GeV at Fermilab. The measured T /7 and K /K ratios
are shown to be remarkably similar to the same ratios

which have recently been measured at large gL at 90°

in the center of mass system.
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Measurements of inclusive hadron production in high energy
p-p collisions may be used to probe the constituent structure
of the nucleon and to study the short range interactions of
these constituents. Many of the models for inclusive hadron
production are limited to the large %L region where the hard
scattering of the constituents of the initial projectiles is

1

supposed to reveal a simple underlying structure. A complete

understanding of these inclusive reactions must however cover
the entire kinematic region, and hence must include the low

gL‘region as well as the large ?L region. It is therefore of
interest to examine the inclusive production of hadrons in the
low p
L

at large

region in light of what is known about these reactions
gL-

We have made measurements? of 7° production at both large
and small transverse momentum from 15° to 110° in the c.m. frame.
These data were most compactly described in terms of a radial
scaling variable Xp (XR = E*/E* max where E* = total energy of
detected particle in the c.m. frame and E*maX = maximum energy
available to the particle). This scaling variable led to a
simple scaling behavior of single particle inclusive cross
sections in p-p collisions over a wide kinematic range.?® Recently,

results have been reported® at Fermilab energies for particle

production ratios in the reaction

.
p+p—>1T"+ X

+
+ K + X

at 90° in the c.m. frame. It is therefore of interest to



measure these ratios at small (- 0°) angles and investigate the
similarities, if any, with the data at 90°. 1In this letter we
| report the results of these measurements, make a comparison
with the 90° data, and comment on the remarkable similarity

of the two sets of data.

The data presented here have been taken with a 2.4 GeV/c
double half quadrupole spectrometer in the P-West area of
Fermilab. An over view of the apparatus is shown in Fig. 1.

By the forward - backward symmetry of p-p collisions in the

c.m. frame, a modest low-momentum spectrometer can cover a large
kinematic range by detecting "slow" particles produced in the
backwards hemisphere. A well collimated proton beam was allowed
to interact with a 12.7 cm long liguid hydrogen target. The
produced particles were detected and their species determined

by a system of Cerenkov counters and scintillation counter s
inside the 2.4 GeV/c spectrometer. Nine proportional wire
chambers allowed the detected hadron momentum to be determined
to Ap/p < 2% over a momentum acceptance of *10%. The angle
of the spectrometer could be remotely adjusted from 5° to 125°
in the lab. The solid angle acceptance was roughly 0.2 milli-
steradian and was defined by the proportional wire chambers.

The absolute normalizations of the particle yields were
determined by a Monte Carlo calculation of the spectrometer
acceptance and by a measurement of the proton incident flux
with two secondary emission monitors which were calibrated by
two beam toroids. The data have been corrected for nuclear

absorption and decay in flight.°®



Data were taken at fixed ?L as a function of XR in the
region 0.05 £ XR < 1.0. The p, values measured were 0.25 GeV/c

i

to 1.5 GeV/c in 0.25 GeV/c steps at 100, 200, and 400 GeV
incident proton energy. Fig. 2 shows the invariant cross sections
E%§3 at constant ?L = 0.75 GeV/c versus XR for p + p > ﬂ+, ﬂ—,

kt, X7, p, p + anything. (The limitation of space precludes plot-
ting the data at the 5 other BL values.) Only statistical errors
are shown. The systematic normalization errors are estimated

to be *10% based on the reproduciability of the data. The values
of the invariant cross sections are consistent with other data’
which overlap forithe same value of p and Xp and s. It is

evident from Fig. 2 that the invariant cross sections scale from

100 to 400 GeV for fixed ?L and Xpe ' Furthermore, this scaling

behavior is observed over the entire gL_range of this experi-
ment. °

This data provides the first opportunity to make a direct
comparison of the particle ratios ﬂ+/ﬂ_ and K+/K— versus XR for

both small p data over the same range of center of

oL Pl

mass energy. Generally it has been assumed that these two kine-

and large

matic regions are characterized by long range interactions
described by Regge or diffractive scattering and short range
interactions described by the quark—parton model, and are there-
fore not related in an obvious way. Recently, however, there have
been theoretical attempts® to provide a unified theoretical treat-
ment of the two regions. In Fig. 3 we have plotted these in-
variant cross section ratios as a function X_ for both the data

R

of this experiment for small %L_(O.ZS < EL.S 1.5 GeV/c are



averaged together) in the fragmentation region and the data

of Antreasyan et al." at large gL (0.77 S‘%L < 7.67 GeV/c) at
90° in the c.m. system. It is evident from Fig. 3 that the
particle ratios in these two different kinematic regions are

in remarkable agreement. This suggests that the ratios are
uniquely dependent on the quantum number requirements for
particle production. The predictions of Field and Feynman'

for the 90° region are shown in Fig. 3 to be in good agreement
with both the 90° and 0° data. For XR > 0.6 the present data
tend to lie below the theoretical prediction for w /1~. 1In
fact, the ﬂ+/ﬂ~ ratios appears to be approaching 5 for XR.+ 1.
Field and Feynma;'speculate on the possibility that the ratio
W+/W_ + 5 as XR + 1. Farrar and Jackson have discussed a quark-
vector gluon model in which the helicity of a fast quark (XR ~ 1)
is the same as that of the proton which implies the u/d quark

ratio approaches 5 as X, » 1. This leads to the ﬂ+/ﬂ' ratio

R
+ 5, since it is determined by this quark ratio.

The theoretical predictions of Field and Feynman'!, and
Farrar and Jackson’ are claimed to be valid for short distance
behavior. On the other hand, the data indicate that the particle
ratios ﬁ+/ﬁ” are remarkably insensitive to angle and to trans-—
verse momentum. The particle ratios are therefore insensitive
to the range of the interaction. It is therefore tempting to
infer from the data that the alignment of the spin of the proton
and the spin of the leading valence quark at large X is a

general phenomenon of hadron interactions. This would imply

that the K+/K_ ratio would tend to « as Xp > 1 in agreement



with the data of Fig. 3.

In conclusion, the single particle inclusive cross sections
for fixed PJ_( < 1.5 GeV/c) and XR scale from 100 to 400 GeV
incident proton energy. The particle ratios ﬁ+/ﬂ- and K+/K_
versus Xp are independent of transverse momentum and angle.
In particular the ﬂ+/ﬂ_ ratio is approaching 5 and the K+/K_
tends to infinity as Xp approaches 1.
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FIGURE CAPTIONS

Figure 1: The 2.4 GeV/c spectrometer. Shown are the two half
quadrupole magnets Ql and Qz, and the locations of
the scintillation and Cerenkov counters and the multi-
wire proportional chambers (MWPC).

Figure 2: The invariant.cross sections Eg%s (p + p>h + X)
for h = ﬂi; Ki, p, p at constant ?L = 0.75 GeV/c are
plotted versus XR. Data are shown for three incident
proton energies: 100, 200, 400 GeV. The lines through
the data are the fits: E%%s = Bh(l - XR)nh given in
Ref. 5. The dotted line through the proton data is
to guide the eye.

Figure 3: The particle ratio: a) 7 /1~ and b) K /K  from this
experiment and that of Antreasyan et al. (Ref. 4)

plotted versus X The K+/K_ ratio data at Xp

R"
> 0.55 from Ref. 4 have not been plotted since their

error bars are very large.
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