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ABSTRACT
In an experiment at the Fermi National Accelerator Laboratory
we have compared the production of large transverse momentum
hadrons from targets of W, Ti, and Be bombarded by 300 GeV
protons. The hadron yields were measured at 90° in the proton-
nucleon c.m. system with a magnetic spectrometer equipped with
2 Cerenkov counters and a hadron calorimeter. The production
cross-sections have a dependence on the atomic number A that

grows with QL, eventually leveling off proportional to A]'l.



" There has recently been a great deal of interest in the inter-
action of high-energy hadrons with nuclear matterl. We present here data
on the production of high transverse momentum hadrons By 300 GeV protons
from targets of Be, Ti, and W.

| These data were obtained in the Proton area of the Fermi National
Accelerator Laboratory (NAL) with a focusing magnetic spectrometer view-
ing the target at an angle of 77 mrad in the laboratory. For relativistic
particles this corresponds to an angle in the proton-nucleon c.m. of 88°.
Two 86-ft-long gas Cerenkov counters were used to identify the secondary
particles as Wi, Kt, pi, di. The apparatus is described in detail
elsewherez. The targets were chosen to cover a wide range in atomic
number (A). In order that in the comparison no correction would be
necessary due to secondary interactions in the target, the length of each
1/4 in. diameter target was chosen to be the same number of interaction
lengths. Using absorption cross sections3 of 227 mb, 690 mb, and 1635 mb
for Be, Ti, and W, we chose the respective target lengths to be 3.14 in.,
2.23 in., and 0.85 in. In each of these targets 20% of the primary beam
interacted.

The three targets were mounted side by side on a remotely con-
trolled X-Y stage. 1In ofder to minimize systematic effects in the target
comparison, such as those due to fluctuations in beam conditions, runs
at a given p were taken with all three targets in quick succession. A1l
other conditions, such as magnet settings, the Cerenkov counter pressures,
etc., remained unchanged.

The run-to-run targetting efficiency and normalization were

determined by a three counter scintillator telescope looking at the



target at 90° in the laboratory. The overall normalization for each
target was determined by calibrating this 90° monitor with a secondary
emission monitor in the primary proton beam 20 ft. upstream of the
target.

The measured invariant cross sections per nuc]eus“, Ech/d3p
for pion production for Beryllium are presented in Table I. Kaon,

proton, and deuteron cross sections are presented as ratios to the pion

cross section. The formula used for calculating the cross sections is

E A = A 1.15Y exp(N plo_, _/A)
o~ ~abs
ap  PNo B2 aq apsp

where A, p, Tabs ? and L are the atomic number, density, absorption cross
section, and length, respectively, of the targét; N0 is Avogadro's

number,Y is the measured pion yield per incident proton, AQAP/P = 1.7 x 10-6sr
is the spectrometer acceptance, P is the secondary momentum in the labora-
tory, and the 1.15 is the correction for absorption in the spectrometer.

The invariant cross sections per nucleus for hadron production
from targets of Ti and W are presented as ratios to the Be cross sections
in Table II. One sees that the ratios rise with increasing P, s indicating
a stronger dependence on A at larger P, -

Figure 1 shows the ratio of the invariant cross sections per
nucleus for w+ and p production from Ti and W compared to those from Be,
plotted versus the atomic number A. The approximately linear relationship
of the plotted cross sections implies a power law dependence on A. One

sees that the A dependence gets stronger with increasing P, Using this



figure; one can also extrapolate to the proton-nucleon cross section;
however, because the nuclear cross sections contain both p-n and p-p
collisions, one cannot directly extract the p-p cross sections.

Figure 2 shows the power n as a function of p, derived by
assuming that the cross section per nucleus for m production is pro-
poktiona] to A" . The values of n derived from comparing the two
nuclei are in remarkable agreement, showing that for all values of p_
between 0.76 and 6.10 GeV/c the assumption of a power law A" works well.
One sees that the value for n rises steeply with p,_, leveling off near
n=1.1at P, 4 GeV/c.

The w+ cross-sections display a similar behavior, but the proton,
anti-proton, and Kt ratios are appreciably steeper as a function of p,.
This has the consequence that the proton to pion ratio, for example,
is smaller with a Be target than with a W target. Figure 3 shows the
p/Tr+ and p/m ratios from both Be and W targets--one sees that the qualita-
tive features observed2 with W still obtain with Be.
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No one should be confused by the transformation from invariant cross
section per nucleus to invariant cross section per effective nucleon.
For a thin target, the number of nuclei per cm2 is No oL/A, while

the number of effective nucleons seen by an incoming proton is

Yabs (No pLA) where Tabs is the absorption cross section for the
- :

P
nucleus and Op is the total p-p cross section.
Therefore, to compute the invariant cross section per effective
nucleon, divide the invariant cross section per nucleus by a factor

of 5.68, 17.3, or 40.9 for Be, Ti, or W respectively.



TABLE CAPTIONS

Table I. Invariant cross sections for pion production per nucleus in
p-Be collisions as a function of p,. Also shown are the ratios
of K, p, and d production to w preduction. At each momentum the
upper line is for positive particle productioh (e.q., ﬂ+,K+/W+, etc.)

and the bottom line for negative (v , K /m , etc.)

Table II. The ratios of invariant cross sections for the production of
wi, Ki, pi, and d" from Ti and W relative to the production
from Be as a function of R At each momentum the upper line
is for positive particle production (e.g., n+, K+, p,d) and

the lower line is for negative (m , K, p, d ).
FIGURE CAPTIONS

Figure 1. The ratio of invariant cross sections per nucleus for n+ and p
production from W and Ti compared to those from Be, plotted vs.
atomic number A. Data are shown for three different values of
P, P = 0.79, 2.29, and 5.34 GeV/c.

Figure 2. The value of n derived from comparing m production from Ti
and W to that from Be, assuming that the invariant cross section

depends on the atomic number A via a power law, E do o A n .

d3p

plotted versus the transverse momentum P, -

Figure 3. The ratio of proton to n+ and p to m production vs. RL from

proton-Be and proton-W collisions at 300 GeV.
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