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ABSTRACT

}n an experiment at the Fermi National Accelerator iaboratory

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 Cercnkov covniers and 2 hadron calerimeter. The production

cross-sections have a dependence on the atomic number A that

1.1

grows with P > eventually leveling off proportional to A "',
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There has recen?ly 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) w{th 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 thé proton-nucleon c.m. of 88°.
Two 86-ft-long gas Cerenkov-counters were used to identify the secondary
particles as nk, Ki, pi, d*. The apparatus is described in detail
elsewherez. The targets were chosen to cover a wide range in atomic
number (AS. 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
lengtaé. Using absoiption cross sectionsg.of 227 mb, 690 mb, and 1635 mb
for Be,‘}i, 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 targgts were mounted side by side on a remotely con-
trolled X-Y stage. 1In order 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
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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.

y
The measured invariant cross ‘sections per nucleus , Ech/dBp

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

~

. ~

do, _
E A = A 1.15Y exp(NochabS/A)

@ PN, B¢ aq apyp

-

where A, p, Oabs * and L are the atomic number, density, absorption cross
section, and length, respectively, of the target; N0 is Avogadro's
number,Y is the measured pion yield per incident proton, AQAP/P = 1.7 x 10'6sr
is the s?ectrometer acceptance, P is the secondary momentum in the 1abor5—
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
%n 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 i and p production from Ti and W compared to those from Be,
plotted versus the atomic number A. The approximately linear relaticnship

of the plotted cross sections implies a power law dependence on A. One e

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 ﬁuc]eus for m production is pro- S~
portional to A" . The values of n derived from comparing the two
nuclei are in remarkable agreement, showiﬁg 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

=1.1atp =~ 4GeV/c.

The w+ cross-sections display a similar behavior, but the proton,
anti-proton, and K 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

/n and p/n ratios from both Be and W targets--one sees that the qualita-
tive features observed with W st111 obtain with Be.

We would like to express our appreciation to the staff of the
Fermi National Accelerator Laboratory, and especially to that of the Proton
Section for their support. Finally, one of us (R.M.) wishes to thank

NAL for its hospitality and support.
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_Table I.

Table II.

Figure 1.

Figure 2.

Figure 3.

P TABLE CAPTIONS

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 toin preduction. At each momentum the
upper Tline is for positive éértic]e production (e.g., ﬂ+,K+/n+, etc.)

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

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

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

The ratio of invariant cross sections per nucleus for T and p

production from W and Ti compared to those from Be, plotted vs.

_atomic number A. Data are shown for ihree different values of

P, B = 0.79, 2.29, and 5.34 GeV/c.

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 alomic number A via a power law, E do o A n y
d3p

plotted versus the.traﬁsverse momentum p, .

The ratio of proton to n+ and p to m production vs. ?L from

proton-Be and proton-W collisions at 300 GeV. —
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0 N
(GeV/c) Edo(m)/d°p K/ o/m d/m
(1.27£.18) o 126 .18+.04 .26 +.03
0.76 (1.07.14) % 10 112+.02 | 066+.007
- (1.74£.12) y 14-27 .269+.016 421,014
‘ (1.44+.10) 166+.011 -100+.004 .
(2.54:.18) o --28 .310+.018 .552+.017
1.53 (2.17%.15) * 10 1192+.013 "114%.005
> 25 (1.03£.07) y 1-29 .398%.023 .622+.019 (2.0¢.2) X 1073
. ( .82=.06) .232+.014 .101+.005 (1.4t.2 X 10
2 08 (4.83:.34) , 15-31 .447+.026 .610+.020 (2.3:.2) X 1073
' (4.02+.28) 1238:.014 1073+.004
3 81 (3.182.22) y 19-32 457+ .028 .4942 018, (1.9£.2) X 103
: (2.65:.19) 1189+.012 1048+.003
458 (2.16£.15) y 14-33 .510+.031 .424+.017 (2.3:.6) X 1073
: (1.07+.14) "162+.010 1025+.002
(2.20+.15)  ..-34 .470+.029 .330+.014
5.34 (1.73+.12) X 10 ©106+.008 .012+.002
(2.58£.18) o <.-35 .377+.043 .263+.031
6.10 (1.66+.14 X 10 ©079+.016 "014x.007
6.87 (1.9£.3) X 10736 .099+.031 .009+.009

Table I



; 974/%3e - W/%e .
(GeV/c) T K p ‘ d . T K p d
0.76  3.84:.27  4.67:+.33  4.54:.32 10.5¢.7  12.4t.9 13.8:1.0
) 4.52+.32 5.32+.33 5.35+.38 . 13.4£.9 15.3%1.1 15.6%1.1
1.4 » 4.85+.24 5.26+.27 5.54+,28 14.0t.7 15.9%.8 17.7£.9 ,
) 4.61+.23 5.06+.25 4,83+.24 15.3+£.8 18.5+.9 16.0%.8
1.53 4,73+.24 5.39%.27 5.45+.27 15.6+.8 19.0+.9 19.5+.9
) 5.25+.26 5.61+.28 5.10+.26 17.1+.8 18.1+.9 19.0%1.0
2.99 5.22+.26 5.59+.283 6.44+.32 . 10.2£1.1 19.3t.9 21.54+1.1, 27.1%1.4 45.%6.
) 5.71+.29 5.80+.29 6.47+.32 7.3%1.3 21.8+1.1 22.7¢1.1 25.2%1.3 22.%4.
.05  6.25%.31  6.43:.32  8.07:.40  11.7:1.5 24.6:1.2  27.5:1;4 _ 34.1£1.7  71.%9.
6.13+.31 6.03+.30 7.26%.36 26.6%1.3 27.3%1.4 32.5%1.6
3.81 6.50+.33 6.82+.39 8.86+.45, -13.7£2.0 27.2x1.4 33.01.7 46.1+2.3 74, %10,
o 6.80+.34 7.60x.38 9.20+.46 ' 28.1+1.4 34.0+1.7 36.2+1.8
4.58 7.08%.35 7.23+.36 9.91+.50  13.2#4.2 29.2+1.5 30.9+1.5 50.3%2.5 57. 416,
6.71+.34 8.07+.40 10.4+.52 ' . 29.3%1.5 34.4%1.7 50.6%2.5
5.34 6.50+.38 7.15%£.36 - 9.54+.48 ° 29.5+1.5 35.2+1.8 53.1+2.7
L 6.25%, 31 9.06%.46 12.6%2.6 29.2%1.5 43.942.2 51.4%10.8
6.10  6.41:.64  9.21.3 8.8+1.4 25.012.5  34.5:5.0  34.3#5.0 R
6.16%.39 7.9%1.9 6.3%4.3 29.8+1.9 45.7+10.7 26.0%15.0

Table II



