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Abstract

Laboratory angular distributions for the production of charged
secondary particles in inelastic proton-proton collisions are pre—'
sented. Data are separately displayed for protons and for positive

and negative mesons (pions and kaons combined).
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One motivation underlying the initial set of bubble chamber
exposures at NAL was to obtain reliable information concerning the
general characteristics of particle collisions in this heretofore
unexplored high energy range in order that future higher statistics
experiments could be optimally planned. With this goal in mind,
we here present laboratory angular distributions for the production
of charged secondary particles in proton-proton collisions at
102 GeV/c. Such distributions we believe represent the most con-
venient and immediately accessible summary of the type of survey
information which is most uséful to the planning of the widest
variety of experiments.

The data are from a 30,000 frame exposure of the NAL/ANL 30
inch liquid hydrogen bubble chamber to a beam of 102 GeV/c protons.
Approximately 2500 events were measured and spatially reconstructed
using a fiducial volume which provided at least 20 cm of path
length for each outgoing track. The full exposure was scanned and
measured for events in the 2 to 8 pronged topologies, while approxi-
mately one half the film was analyzed to obtain the sample of
events from the higher topologies. The resulting contribution of
each topology to the overall data set was individually normalized
using topological cross sections which were obtained from a scan
of the entire exposure.l Measuring and reconstruction losses
arising from severe overlap between outgoing tracks or from
secondary interactions very near the production vertex accounted

for less than 5% of the detected events in any particular topology.



These losses were assumed to be unbiased for the purposes of this
paper.

A kinematic fitting procedure was employed to identify
elasﬁic scattering events.2 These events were subsequently removed
from the two prong sample, and consequently the angular distribu-
tions to be presented are for inelastic events only. To improve
the overall resolution, only tracks which were backward in the
overall center-of-mass were used in the analysis. The symmetry
of the proton-proton interaction was then invoked to obtain the
sample of forward going tracks. The error bars shown include, in
addition to statistical errors, an estimate of the systematic un-
certainties in our analysis procedures,

Various subsets of the data being here presented have been
the basis for earlier publications in which we have discussed in
detail many of the dynamical characteristics of proton-proton
collisions at this incident energy}'z'%ﬂ4contrast, our procedure
here will be to present only the experimental data without any
theoretical discussion. We will individually present the data,
along with the pertinent details of our analysis procedures, for

the sample of secondary protons and for the charged pions and kaons.



Laboratory Angular Distributions for Secondary Protons

Laboratory angular distributions for secondary protons are
presented in Fig. 1. . Protons can be reliably identified in
a bubble chamber experiment by a visual estimate of ionization
up to a maximum laboratory momentum of approximately 1.2 GeV/c.

<

The resulting proton sample is essentially unbiased for - 1.0 <

Pcm

is the normalized center-of-mass
X ,max °

x (= 0.5, where x = PG/
longitudinal momentum. The overall symmetry of the proton-proton
interaction can be invoked to obtain the corresponding data for
positive values of x. In between, the proton spectra can only
be estimated via an additional assumption.

Experimentally, it is found that a flat proton production

spectrum de 15 + 2 mb is characteristic of high energy proton-

x
proton collisions for cm momenta in the range - 0.8 ¢ x (- 0.5.
By assuming that the proton spectrum remains at this level for
|x/ < 0.5, an estimate may be obtained for those protons which
cannot be unambiguously identified. (We assumed a transverse
momentum distribution of e-7P§ . for these simulated protons.)
The resulting angular distributions are shown as curves in Fig,
1, rather than as data points, to emphasize that these are

eStimates, not measurements, and consequently should only be used

with special caution.



Laboratory Angular Distributions for Charged Pions and Kaons

The laboratory angular distributions for positive mesons are
shown in Fig. 2, and those for negative mesons in Fig. 3. Bubble
chamber ionization estimates are inadequate to separate pion and
kaon tracks in the momentum regions where meson production is
dominant. We therefore have not attempted to separate pions and
kaons in these figures; the pion mass interpretation was assumed
in each case for purposes of center-of-mass symmetrization. Our
study of Kg production has indicated that the kaon momentum spec-
trum is basically similar to that of the pions, but with a pro-
duction ration of (Kg)/ (m") = 0.06 _4;'.01.4 We have removed all
identified protons from the data shown in Fig. 2, and have cor-
rected for the presence of higher momentum protons using the pro-
duction model described in the previous section; specifically, the
data shown in Fig. 2 have been corrected using the curves shown
in Fig. 1 above a laboratory momentum of 1 GeV/c.

We thank the members of the NAL neutrino laboratory for their
aid in the taking of the exposures, and we thank our scanning and

measuring personnel for their diligence.



Fig. 1.

Fig. 2.

Fig. 3.

FigureACaptions

Laboratory angular distributions for the production in
102 GeV/c inelastic pp collisions of secondary protons
having momenta in the indicated ranges. Curves represent
estimates based on the production model described in the
text.

Laboratory angular distributions for the production in
102 GeV/c inelastic pp collisions of positively charged
pions and kaons having momenta in the indicated ranges.
Protons have been removed using the production model de-
scribed in the text. |

Laboratory angular distributions for the production in
102 GeV/c inelastic pp collisions of negatively charged

pions and kaons having momenta in the indicated ranges.
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