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Leading particles and diffraction dissociation in 150-GeV/c 7 p interactions
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Diffraction dissociation of both the beam and target particles has been observed in 150-GeV/c 7 p
interactions in the Fermilab 30-in.-bubble-chamber—proportional-wire-chamber hybrid spectrometer. The
dissociations are observed as recoil systems opposite leading particles, the signals of which are separated
from background where appropriate by a variant of the Van Hove sector cut, thus allowing the high-mass
portion of the spectrum to be observed. Pion dissociation has a cross section of 1758+ 105 ub, divided
among two-, four-, and six-prong events; some p° production is seen and comes primarily from the
7~ —27 " channel. The proton dissociation cross section is 1726 4100 ub, again divided among two-,
four-, and six-prong events. The final state contains a neutron more frequently than a proton in the two-
and six-prong events, a proton more frequently in the four-prong events. Production of A** is observed in
the p —p#* 7~ dissociations.
transferring four-momentum to other particles,
has been one of the main areas of study in high-

Diffraction dissociation of hadrons, in which energy physics for the past several years. It
they break up into their virtual constituents by was pointed out by Good and Walker® in 1960 that

I. INTRODUCTION
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such a process should occur and that it would be
recognized by observing interactions in which
either the beam or target particle left the inter-
action with no change in quantum numbers and
relatively small momentum transfer. The dis-
sociation process has been most thoroughly studied
in the range of beam momenta from ~10 to 30
GeV/c, and in this region the so-called leading-
particle signals are not sharp enough to allow a
clean separation of beam dissociation, target
dissociation, and other processes. This problem
exists because the masses into which hadrons
dissociate are not negligible compared to the
total energies available at such momenta. The
resulting leading-particle signals are mixed with
distributions from other processes, perhaps even
interfering with them.

It is of importance to extend the studies of the
dissociation phenomenon to the Fermilab energy
range of roughly an order of magnitude greater
beam momentum. In this region the beam and
target dissociations are quite clearly separated
from each other in kinematic quantities and are
usually separated from other processes as
well.

This paper presents a systematic study of the
dissociations of both the beam and target in inter-
actions of 150-GeV/c 7 mesons with protons.
Our aim is to measure notonly the leading-particle
or diffractive cross sections, but also the dynam-
ic correlations among the dissociation products.
Since good multiparticle sensitivity is required
for both very fast and very slow particles, a
visual detector is essential, and as the cross
sections for dissociation are in the mb range,

a bubble chamber is the natural one to use. This
experiment was performed in the Fermilab 30-
in.-liquid-hydrogen-bubble-chamber-proportional -
wire-chamber hybrid system. The greatly im-
proved momentum resolution and rudimentary
v-ray detection of the hybrid facility are impor-
tant factors in obtaining the results presented.

Section II contains a review of the apparatus and
exposure. The details of the extraction of dif-
fractive events from leading-particle signals are
presented in Sec. III for beam and in Sec. IV for
target breakup. The properties of the two dis-
sociations are presented in Sec. V and VI and a
summary and discussion are given in Sec.

VIL ]

It is now generally felt? that diffractive processes
can occur in this energy range in more complex
events than those represented by single leading
particles. However, in this report we discuss
only this more straightforward case. Preliminary
results on this topic have been published pre-
viously in Refs. 3-5.
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FIG. 1. Schematic layout of the 30-in.-bubble-cham-
ber—proportional-wire-chamber hybrid system.

II. EXPERIMENTAL DETAILS

The apparatus of the Fermilab proportional
hybrid system has been discussed in detail else-
where,® and only a brief review is presented here.
Figure 1 is a schematic diagram of the spectro-
meter showing the upstream beam-tagging sys-

" tem, the 30-in. bubble chamber which provides the

multiplicity distribution and momentum deter-
mination on slow tracks, and the downstream
system which provides improved momentum
resolution on the fast tracks. Essentially all
leading beamlike particles pass through prop-
ortional wire chambers (PWC’s) D, E, F, and
G, and are measured with a momentum res-
olution &p/p of 0.06p%, p measured in GeV/c.
Thus leading pions are measured at 150 GeV/c
to 9% compared with >50% in the bubble chamber
alone. In general, one or more charged tracks
from beam dissociations pass through PWC’s D,
E, and F and have improved momentum deter-
mination.

The Pb converter and PWC H subtend an angle
of +1.5° at the center of the bubble chamber and
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thus showers in that PWC are produced for y rays
forward of Feynman x of ~0.15, and 7”’s, the
presumed source of most such ¥ rays, are
detected in the same range with reasonable ef-
ficiency. No measurement is made of the ¥’s ob-
served by this technique, but their presence as
indicated by the shower is noted.

The system is run in an untriggered mode,
recording upstream and downstream information
for every track. When an interaction is found in
the bubble chamber the upstream information is
used, in conjunction with the known bubble-cham-
ber position relative to the wire planes, to deter-
mine which set of electronic information belongs
with that event. The data from the downstream
planes are then combined with the bubble-chamber
measurements to provide the improved momentum
values.

The exposure consists of 105 000 bubble-cham-
ber pictures yielding 14 750 events with a sensi-
tivity of 0.61 events/ub. The details of the cross-
section determination can be found in Ref. 6. For
the purposes of physics analysis a smaller
fiducial volume yielding 0.43 events/ub was
utilized. The sample was put through two mea-
surement passes yielding complete reconstruc-
tion on essentially all of the two- and four-prong
events and 94% of the six-prong events. The
missing events in this latter category are found
to have a significant (~25%) influence on the
leading-proton category, and cross sections and
distributions have been corrected accordingly.
All possible hookups of the electronic and bubble-
chamber data have been made.

Kinematic fitting, an important tool in the
classification of the events, was performed by
SQUAW as modified for ultrarelativistic particles
by Day.” This modification solves the numerical
problems associated with very-high-energy par-
ticles, but not the possible physical one of events
with neutral particles making acceptable fits as
if those particles were not present. There is also
difficulty in establishing error matrices from the
complete hybrid apparatus in so proper a manner
as in traditional bubble-chamber experiments.

A more complete discussion of the fitting sys-
tematics can be found in Ref. 4.

The best evidence that we have been successful
in selecting a proper fitted-event sample is given
in Fig. 2 which shows a scatter plot of the square
of the missing mass versus the transverse-
momentum imbalance, and projections, for the
four-prong event sample under the assumption that
the positive particles are proton and 7* and that
both negatives are m°. A strong concentration is
seen in the region where each of these quantities
has a low value, and this concentration corresponds

to the events fitted as 7p —7"7"71"p shown as
shaded in the histograms. From examination of
the numbers of events present in the vicinity of
the x? cutoff we estimate the purity of this fitted
sample as >90%.

In Fig. 3 is seen the distribution of the square
of the missing mass in the six-prong events under
the hypothesis that the positive tracks are a pro-
ton and 27" and the negative tracks are 377, three
combinations per event. There is again a peak at
zero which is fairly well accounted for by the
fitted events 1°p - 37727"p shown as shaded. Those
shaded combinations not in this central region in
general represent incorrect proton assignments
for events in the central region with the proper
assignment. Careful study of this sample indi-
cates that a contamination of 20% cannot be ruled
out, a problem which stems chiefly from the fact
that only about 4% of the six-prong events ap-
parently belong in the four-constraint (4C) fit
category.

The sample obtained of 4C eight-prong events
m"p—4n 3nr*p seems consistent with 100% back-
ground and we assume that such a process rep-
resents only a negligible fraction of our data.

Positive tracks of momentum less than 1.4 GeV/
¢ are determined to be 7* or proton by obser-
vation of ionization in the bubble chamber. The
effects of this momentum cut have been examined
in detail®; the cut affects the leading-proton region
minimally. In events making 4C fits, proton
interpretations are used for tracks so assigned
by the fits even if the momenta are above the
cutoff value. No disagreements have been noted
between ionization and fitting in the classification
of low momentum tracks as protovn or 7",

III. LEADING-PROTON SIGNALS

In this section we present methods of extracting
a sample of 7” beam dissociations by obser-
vations of leading-proton signals. Figures 4(a)
—4(f) present the distribution of Feynman x, taken
as 2P*/Vs, for the inelastic two-prong events,
the four-prong events broken into the 4C (27" 7*p)
and non-4C subsamples, and the six-prong, eight-
prong, and ten- through eighteen-prong cat-
egories. The separation of two-prong events into
elastic and inelastic channels has been discussed
elsewhere.® The inset in Fig. 4(d) shows the sub-
sample of six-prong events classified as of the 4C
fit category 77p -~ 371727"p; the shaded region cor-
responds to use of a selection procedure for
leading protons discussed below. For graphs
of 4C fitted events, measured quantities are
plotted to facilitate comparisons with nonfitted
categories.
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FIG. 4. Feynman-x distributions for protons for (a) the inelastic two-prong events, (b) the four-prong events of the
final state 2777%p, (c) the remainder of the four-prong events, (d) the six-prong events, (e) the eight-prong events, and
(f) the higher multiplicities. The shaded region in (d) represents the events satisfying the sector cut described in the
text. The inset represents the six-prong events of the final state 3n172n* . For fitted-event categories, the measured
values of the variable are shown to allow comparison with other channels.

We take the point of view that leading peaks in
the vicinity of x = -1 correspond to beam-dis-
sociation processes, but that we do not know a
priori the widths or shapes of these peaks. It is
assumed that enhancements above reasonable
smooth backgrounds are the signals of interest and
in Figs. 4(a)-4(c) such enhancements are seen
clearly, the arrows indicating their assumed ex-
tent and the dashed curves the estimated back-
grounds. In the studies of the properties of dif-
fractive systems, given below and in Figs. 10—

15, each event is weighted by the fraction of signal
above background for the bin in which it falls in
these distributions.

In the six-prong events a small but clear signal
is seen in the 4C fit category, while only a dis-
tribution inconsistent with reasonable background
but lacking any peak is seen in the overall sample.
While in the two and four-prong events the leading-
proton signals are, as discussed above, quite
narrow and reasonably background-free, this is
apparently not the case in the non-4C six-prong
events. If dissociation of the pion into five char-
ged prongs plus neutrals occurs, it is not un-
reasonable to expect that the mass of the dis-
sociating system be high, inducing a broad leading-
particle peak even at this value of beam momem-
tum.

The situation is similar to that encountered in
lower-energy experiments at much lower dis-
sociation masses, and a similar technique is used
to enhance the signal above background. This
technique is that of the Van Hove hemisphere cut,

the assumption that if the proton truly is leading
then no other particle should appear in the back-
ward hemisphere in the c.m. frame. Such a pro-
cedure works well for low-mass dissociations but
is biased for high masses as it selects a parti-
cular region of the dissociation angular distri-
bution.’ There is also a worry in our case that
such a procedure could kinematically select a
signal of slow protons which does not correspond
to a real physical process. It was felt that a cut
made in some plane other than a hemisphere
boundary might be more proper here. In Fig. 5

-1 -9 -8 -7 -8 -5 4 3
X Proton
FIG. 5. Scatter plot of the minimum x value for the
five fast tracks, assumed pions, in six-prong events
versus the x value for the proton,
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TABLE I. Leading~proton cross sections.

Cross section

Channel  (ub) Events
2-prong events (inelastic) 570+ 60 170
4~prong events 848+ 50 329
2 wtp 392+ 30 147
Other final states 456+ 40 182
6-prong events 340+ 70 120
3n"2mp 22+ 10 8
Other final states 318+ 70 112
Total 1758+ 105 619

is seen a scatter plot of the minimum x value of
the five fast tracks of the event, assumed pions,
versus the x value for the proton. A concen-
tration is seen in the region—1.0<x, ,,<-0.8,
x,’s>-0.05. A cut at this value for x, is seen
neither to cut strongly into a real leading-proton
signal nor to produce one kinematically. As a
check on the procedure, an attempt was made

to isolate leading-particle signals of both 7* and
7~ in the backward hemisphere using this tech-
nique, and no such signal was found.

The shaded region of Fig. 4(d) represents the
six-prong data with the restriction that all pions
satisfy the criterion x,>-0.05. A background
curve is indicated as above. No leading-particle
signals in the eight-prong or higher-multiplicity
samples have been isolated. If such signals are
present they are so broad and/or small as to be
indistinguishable from background processes.

The cross sections obtained for these various
leading-proton signals above background are given
in Table I. Corrections of a few percent are
made in the non-4C four-prong events and the
six-prong events for protons of momentum above
the 1.4-GeV/c cutoff. Asignificantcorrectionfor
scan inefficiency on very low momentum protons
in the two-prong category has been made as in
Ref. 5. The results are consistent with others
reported from the same experiment®=®; any ap-
parent discrepancies are due todifferent definitions
of the leading-particle regions.

IV. LEADING-PION SIGNALS

Extraction ofleading-pionsignals, corresponding
to target dissociation, is hampered by problems
of momentum resolution on the fast tracks, a
situation not encountered in studying leading
protons. The extent of the problem can be under-
stood through comparison of Figs. 6 and 7(b).
Each shows the distribution in x for the fast 7~
of the 4C fit final state 27 7"p; the former in a

scatter plot with fitted values used, the latter in
a histogram with measured values. In general,
of course, high-resolution fitted values are not
available, and the peak in Fig. 7(b) serves as a
point of comparison in representing data known
from the fitted values to have a large component
of leading-pion events.

Figure 7(a) shows the distribution in x for 7~
from inelastic two-prong events, while Fig. 7(c)
shows it for the faster 7”7 of four-prong events
of other than the 27°7*p channel, and Fig. 7(d) for
the fastest 7~ of six-prong events. A clear though
small leading-7" signal can be seen in the 4C six-
prong final state 37°27"p in the.scatter plot of x
of the fastest 7° versus x of the proton shown in
Fig. 8 using fitted values.

In the inelastic two-prong events the signal
though broad is relatively well separated from
background. In the 4C event categories clean
samples can be separated if fitted values are
used. However, for the remainder of the four-
and six-prong samples more sophisticated tech-
niques must'be employed. There are very few
tracks in leading-pion regions in the events of
higher multiplicity, and target dissociations of the
type under investigation here are assumed to be
absent or at least strongly suppressed in those
channels.

The discussion above has used a version of the
traditional Van Hove cut to separate a leading-
proton signal from background in the six-prong
events. A similar technique used for leading
pions is seen to be quite satisfactory even though
the confusion with background results from reso-
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lution effects rather than physical processes. If

a pion is truly a leading particle, then there should
be no other fast particles in the event. We first
make the quite conservative assumption that
leading pions should not be accompanied by other
tracks with x>0.15. Shown in Fig. 9 are the fast-
pion x distributions for the non-4C four-prong and
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‘fast charged particles are removed. The shaded regions

result when fast 7’s, as distinguished by electromag-
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FIG. 10. The pion-dissociation mass spectrum as calculated from the kinematics of the leading recoil protons, the
signals of which were extracted above. The different shadings represent different event topologies as indicated in the
figure. For events indicated as 4C fits, measured quantities are plotted so that a proper comparison can be made.
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TABLE II. Comparison of channel cross sections for pion dissociation. These fractions are
calculated assuming equal numbers of produced (7*7~) and (n7°) pairs. The observed values
are normalized to the 4C four-prong events having the value 0.50.

Number of final-state pions 3 5 7 Observed
Channel

Inelastic two-prong events 12 -Z- % 0.73 +0.10
4C four-prong events -12- 0.50
Non-4C four-prong events -;- ;::- 0.58 £0.07
4C six-prong évents -Z- 0.056+0.026
Non-4C six-prong events -E 0.40 £0.09
4C eight-prong events 18 ~0

all of the six-prong events on an expanded scale.
The solid histogram represents all the events, and
the dotted one those that remain after this cut;
some signal enhancement inthe leading-pionregion
is observed.

If a fast 7° is to be a leading particle, it should
also not be accompanied by fast s which are
evidenced by showers appearing in the chamber
PWC H. If showers are defined as >11 wires
fired in this chamber, then eliminating them
leaves those events represented by the shaded
regions in Figs. 9(a) and 9(b). There is a finite
probability that true leading pions will interact
in the lead converter and produce a shower seen
in the H chamber. This effect is 7% as deter-

mined through studies of beam tracks and leading
pions of 4C fitted events. The distributions in
Fig. 9 and the cross sections for leading-pion—
target-dissociation processes are corrected up-
ward accordingly. The leading-pion signals ob-
served in Figs. 7 and 9 are assumed to represent
target-dissociation phenomena, and the particles
recoiling against such leading pions are assumed
to be the dissociation products. These particles
form the contents of Figs. 16-20.

V. PION-DISSOCIATION PHENOMENA

Presented in this section are mass and mo-
mentum-transfer distributions as determined from
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FIG. 11. Momentum-transfer distributions to leading protons. The straight lines represent best fits of the form
e-?1t1 the fit being made over the regions of ¢ indicated by the lengths of the lines with results for b of 10.0+ 0.4
(GeV/c)™ for inelastic two-prong events, 6.7+ 1.0 (GeV/c)™ for each of the four-prong categories separately, and

6.1+ 0.9 (GeV/c)-? for the six-prong events.
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the recoil protons, together with submass, an-
gular, and Feynman-x distributions for the dis-
sociation products. It should be kept in mind that
although the events of interest are relatively easily
separated through use of leading-proton signals,
the dissociation products themselves are fast
tracks and may in some cases show the effects

of limited momentum resolution. Shown in Fig.

10 is a distribution of the masses recoiling from
the sum of all the leading-proton signals dis-
cussed above. This quantity is based on the mea-
surements of the beam track and slow proton

only, and represents a quite accurate picture of the
pion dissociation spectrum. It is seen that the
inelastic two-prong events and 4C four-prong events
concentrate in the region of the well-known A
objects. The dissociations into more particles fall
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FIG. 12. Three-pion mass distributions for the 4C fit and non-4C four-prong events, and for the six-prong events.
Five-pion mass distribution for the six-prong events. All distributions are for pions recoiling against the leading-
proton signals extracted above.

10 20 30 40
(d)
6-Prong
4C Subsample
Mr=w—nr—mtot

.0 20 - 30 4.0

at considerably greater masses.

The two major contributions to the A, region,
taken as M <1.4 GeV/c? can be compared on this
plot. On the assumption that the A, has isospin
one and decays to pm, equal contributions for the
inelastic two-prong sample from

A7;=pn°

Voo

T
and for the 4C four-prong sample!’ from
AT = 01"

mm

are predicted. The value which is obtained from
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FIG. 13. n'r" mass distributions in the beam-dissociation system.
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(a) Four-prong non-4C fits, (b) four-prong 4C

fits, measured quantities, (c) four-prong 4C fits, fitted quantities, (d) all six-prong events. The shaded regions in the
figure represent data with the restriction y;q,(7*n7) >4.7.

the data is

o(r*277) _

o(r™ +neutrals) ~ 0.71£0.19,

where some systematic uncertainty is included
in the error. This is consistent with the predi-
ction above only if (29 +19)% of the inelastic two-
prong events with beam-dissociation mass in the
A, region represent some process other than
actual A, production. Other differences between
the two- and four-prong data samples are dis-
cussed below.

A general feature of the pion dissociations is
that there seems to be a marked preference for
neutral rather than charged pions in the decay
products. Assuming G-parity conservation, the
final state will in general consist of a single 7~

and a number of pion pairs which may be either
(r*7") or (7°7°). The (r*r~) pairs can result from
decay of p° mesons while the (7°7°) pairs cannot,
and there is no obvious source which favors the
neutral over the charged pairs. Thus making the
conservative assumption that the probabilities of
producing charged and neutral pairs are equal,
the channel cross-section ratios are obtained in
Table II for three, five, and seven final-state
pions. No mixture of these ratios is in agreement
with the data for any mass region, there always
being too many missing-neutral-type events.

The momentum-transfer distributions to the
leading protons in the inelastic two-prong, 4C
and non-4C four-prong, and six-prong data sam-
ples are shown in Fig. 11. The straight lines
in the figure indicate best fits of the form e™'t!,



with b values indicated. The significant difference
observed between the inelastic two-prong sample
and the 27°7*p final state is further evidence that
the two types of reactions are not simply dif-
ferent 7-spin manifestations of the same process.

In Fig. 12 are presented three- and five-pion
mass distributions for the events under discussion.
In the 4C four-prong sample this distribution is
the same as that for the mass recoiling from the
leading proton, differing only because measured
rather than fitted values are shown. It is inter-
esting to note that although the recoil mass dif-
fers markedly between the 4C and non-4C four-
prong events, the mass observed in the charged
particles appears to be the same for the two
categories. In the case of the six-prong events
the three-pion mass peaks at values as low as in
the four-prong events while the five-pion mass
peaks somewhat higher, but is nonetheless dis-
tributed at much lower values than is the recoil
mass. '

The 7*r" distributions are presented in Fig. 13
and give an indication of the amount of p° production
present inthese pion dissociations. Inall cases
the shaded region of the histogram is that subset
of the data satisfying the relation y ,,(r*77) >4.7,
a cut which is seen to enhance somewhat the p°
signal in the 27°7"p final state when fitted quan-
tities are plotted [Fig. 13(c)]. While there are
weak indications of signals above hand-down
backgrounds in the non-4C four-prong and six-
prong samples, the dominant one occurs in the
4C four-prong data. Note that this topological
dependence of the p® cross section in beam dis-

(a)
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sociations differs markedly from that of the in-
clusive p° signal'* where there are 0.21 p”s/
event in the four-prong data and roughly twice

this number in all higher multiplicities. Figure
13(b) shows the 4C data plotted with measured
quantities. Resolution effects broaden the ob-
served peak somewhat, but are not serious enough
to cause a clear signal to be missed.

An attempt has been made to determine possible
spin parities of the dissociating system through
observation of some of the standard angular dis-
tributions. As these are particularly susceptible
to resolution effects, they are presented only for
the 4C four-prong events and only with fitted quan-
tities. The distribution of the direction of the
three-pion “decay plane” normal in the Jackson
frame is shown in Fig. 14(a), folded about zero to
account for the two identical 7. The data are
presented separately for the 37 mass region below
1.4 GeV/c?, for an intermediate mass region ex-
tending to 1.9 GeV/c?, and for the higher masses.
The distribution in the low-mass or A, region
seems consistent with a sin®0 form, as expected
for the usual 1" assignment of the A,. The inter-
mediate mass region is also in reasonable agree-
ment with this form, while the events at higher
masses indicate dominance of other spin values.

The Jackson angle of p°® mesons is shown in
Fig. 14(b) for the restriction 0.67<M_, _<0.87
GeV/c? as the definition of the p region. This
plot shows serious disagreement with the usual
picture of a 1* A, decaying via s wave to p and 7
mesons, which predicts a flat distribution in this
angle. If the cut requiring fast pion pairs is made

(o)

1.9GeV/e? <Maqr

T

_L‘—u—ﬁmr

1.4<Mz, <19GeV/c?

EVENTS/.lin COS8

101 1
5. 4LL'—L—H

Mz <14 GeV/c?

(o) 5 |
€0s 6, "Normal"

-1 -5

0 5 |
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FIG. 14. Angular distributions in the Jackson frame for pion dissociation into 27" n*, (a) For the three-pion decay
plane normal, distribution folded about zero, () for p’ mesons defined by 0,67 <M 4ga<0.87 GeV/c?. Histograms are
presented for different regions of three-pion mass as indicated. These data are calculated with fitted values in the

beam dissociation 27 7* final state.
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FIG. 15, Distributions in Feynman x for the 7" and r*beam-dissociation products with different topologies as indi-
cated in the figure. The structure observed for the two-prong events is not well understood.

to enhance the p signal above background, the
backward peak is eliminated and a reasonably flat
distribution plus the forward peak remains. The
true distribution in this quantity may be asym-

metric.

Finally we show in Fig. 15 the Feynman-x values
. for the dissociation product pions for the two-,
four-, and six-prong event categories. Two fea-
tures are noted: The first is that the distribution
in the two-prong events has a peak near zero,
typical of the other categories, and another en-
hancement extending from 0.18-0.35 in x. Such
a distribution cannot be produced for a pion re-
sulting from A] - p'1° - 7"7°1° decay and represents
further indication of other processes. Otherwise

all the distributions do peak quite strongly near
x =0, which is the usual region of multiparticle
production in nondiffractive events.

V1. PROTON-DISSOCIATION PHENOMENA

The proton-dissociation sample, i.e., those
particles recoiling from the leading pions, is not
expected to be so clean as is the beam-dissoci-
ation sample selected from the leading protons.
However, once a sample is selected the studies
which can be performed are more complete and
straightforward than in the beam-dissociation
case. The target fragments are slow in the lab-
oratory and thus allow proton versus 7* identifi-
cation for the majority of the events. It is also
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possible to make mass plots and angular distri-
butions even for unfitted events without problems
from resolution effects.

The momentum accuracy for the leading pions
is not sufficient to allow a meaningful calcu-
lation of the mass recoiling from such a particle,
and for mass distributions we are thus limited
to calculations involving the observed fragments
only. Momentum transfers to leading pions do
seem to lead to meaningful results with an esti-
mated resolution of 18%. Such distributions are
shown in Fig. 16 for the same categories of events
as discussed above, namely the inelastic two-
prong events, the four-prong events of the 2777*p
final state, the remainder of the four-prong
events, and the six-prong events. All are fitted
to the e™®'*! form with results indicated. As in
the case of the beam dissociations, the distri-
bution seems to be somewhat steeper in the two-
prong events than in the other classes. In
this case the two-prong events can come from
the processes p—pn° and p —n7n* which have no
counterpart in the higher-multiplicity events.
When the two-prong data are fitted in the limited
range of 0< |¢]<0.45 (GeV/c)? a steeper slope of
8.1+1.1 (GeV/c)? is obtained,® and results in a
more satisfactory fit.

50w
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The target-breakup data fall naturally into
categories of events with and without observed
protons, those without protons being referred to
as neutron events in the following. In the four- and
six-prong cases the cut on proton momentum
incorrectly classifies a significant number of
events and a correction must be made separately
for each channel; the cross sections are quoted
in Table III both with and without this correction.
The ratios of proton to neutron cross sections
after corrections are given for the two-, four-,
and six-prong events by the values 0.76+0. 10,
1.89+0.34, and 0.71+£0.18. The two- and six-
prong values are in good agreement with each
other and are near the value 0.5 expected if all the
nucleons come from decay of I =3 objects. The
four-prong events differ markedly from the others
and from this simple prediction. However, as
will be seen, the pm*71~ dissociations seen in the
4C four-prong final state proceed predominantly
through A** formation while the other channels
show relatively little evidence of this resonance.
Thus it seems that the pn*nr~ category represents
special events, and if they are removed from the
four-prong sample the proton-to-neutron ratio
becomes 0.96+0.21, a 1-standard-deviation dif-
ference from the two- and six-prong samples,
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6-prongs
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FIG. 16. Momentum-transfer distributions to leading pions. The straight lines represent best fits of the form
el ¢l the fit being made over the regions of ¢ indicated by the lengths of the lines. The values of b are determined to
be 7.5+ 1.0 (GeV/c)-2 for the inelastic two-prong events, 5.1+1.0 (GeV/c)™? for the 4C four-prong events, 5.2+ 0.6
(GeV/c)™ for the non-4C four-prong events, and 5.0+ 1.1 (GeV/¢)™ for the six-prong events.
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TABLE II. p* cross sections in ub. For comparison: Elastic cross section=3240+150 ub;

inelastic cross section=21 000+ 280 ub.

2-prong events

mp —7 p* all 2-prong events 720 + 50

TP TPk
p+Xx° 310+ 30
Tp TPk
T+ X0 410+ 40
4-prong events Raw data Corrected for unobserved protons
Tp —7 p* all 4-prong events 722+ 80
TP T p* 232+23
T
Tp —np* .
rpx 204+ 30 240+ 37
Sum of two above, all ’
4-prong proton events 436+42 472+ 44
TP —T Pk
TtatatXx0 286+ 39 250 + 39
6-prong events
Tp —7mp* all 6-prong events 284+ 38
Tp T p*
%*n*w'w'p 31+10
TP —=TP*
Tt Tp X0 75+ 16 87+18
Sum of two above, all
6~-prong proton events 106+ 20 118+22
TP — TPk
Ittt X0 178+ 28 16628

2.2 standard deviations from the I =3 value.

The mass distributions for the charged par-
ticles in the four- and six-prong events are shown
in Figs. 17(a) and 17(c) for the cases where a
proton is observed. Figure 17(b) shows for com-
parison the three-body p7*n~ mass observed in the
six-prong events. The charged mass represents
the full proton-dissociation mass distribution in
the 4C fit events and a lower limit to the true dis-
tribution for the remainder. Yet in the observed
distribution the 4C four-prong events peak at the
lower masses indicating that this class of events
is quite different.

The data on A*™ production are contained in
Fig. 18(a) for the four-prong events and Fig. 18(b)
for the six-prong events. Although there are
probably a few A™ events in the other channels,
clearly the bulk of them is associated with the
p—=pr*r process which, furthermore, they dom-
inate. As in the case of the p°, the topological
dependence of the A™ cross section in target
dissociations differs from the inclusive behavior®
where production at the level of 400 ub is observed
in each of the four-, six-, eight-, and ten-prong

categories. A possible A° signal is seen in Fig.
18(c) which presents the p7~ mass in the 4C four-
prong events.

Angular distributions for the 4C fit events are
shown in Fig. 19. The cosine of the Jackson angle
is presented for the “decay plane” normal, the
A*™  and the protons. As in the beam-dissociation
case, the distributions are presented separately
for the low, medium, and high regions of p7r”
mass. That for the normal is almost flat at low
masses and peaks progressively more strongly
at zero for increased values. For intermediate
pr*r” masses the distribution of the A’s shows
some asymmetry. The process apparently pro-
ceeds with relatively low angular momentum, with
values and interference effects increasing with
pm*n” mass.

The distribution of the Jackson angle for the
protons is interesting. Those from higher pn*7~
masses peak sharply along the direction of the
target incident in the pr*nr~ rest frame, and since
this peaking is so pronounced, a fact also ob-
served in the non-4C and six-prong events, it is
useful to examine longitudinal momenta in the
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FIG. 17. Charged-particle mass distributions for tar-
get dissociations with observed protons. (a)p7*r dis-
tributions in four-prong events, (b) pr*nr" distributions
for six-prong events, (c)p27*2n~ distributions for six-
prong events. In all cases the proton and pions are part
of the system recoiling from the leading beamlike 7".

Jackson frame instead of polar angles. To do this
we define the variable x;, an analog of Feynman
x, but in the rest frame of the lower vertex par-
ticles instead of the overall c.m. system:

~

= :gm—‘m‘—pim in rest frame of slow

xl for proton p
proton, max

charged particles.

An apparent leading peak in this quantity might
indicate double Pomeron exchange or some sim-
ilar large momentum gap phenomenon. The dis-
tributions in x; for the four- and six-prong cat-
egories of events are shown in Fig. 20. Note that
for non-4C events there is an effective cutoff
near zero induced by the proton laboratory-mo-
mentum limit of 1.4 GeV/c. There is apparently
peaking in the extreme backward direction for the
four-prong non-4C events and there may be an
additional source of protons in this case different
from that of the other categories.

VII. SUMMARY AND DISCUSSION

We have observed strong leading-particle signals
in the distributions of Feynman x of both final-

35
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FIG. 18. Proton-pion mass distributions in target-
dissociation samples. (a)p7* mass for the four-prong
events, (b) pm*mass for the six-prong events. The
shaded regions of the histograms represent the 4C fit
cases. A clear A* signal is observed in the 4C four-
prong channel, (c) p7" mass for the 4C four-prong
events. The shaded region represents those events re-
maining when the A* signal (1.14<M,,<1.34 GeV/c?) is
removed. In all cases the proton and pion are part of
the system recoiling against the leading beamlike 7",

state protons and 7” in 77p interactions at 150
GeV/c. The observation of the beamlike leading-
pion signal is made possible through the improved
momentum resolution provided by downstream
PWC’s of a hybrid system.

Beam dissociation is observed in inelastic two-
prong events, and in four- and six-prong events
each of which can be divided into 4C fit (no
missing neutrals) and non-4C subsamples. The
beam-dissociation mass spectrum extends from
threshold to ~6.5 GeV/c? as observed by the
leading-particle technique. The cross section is
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FIG. 19. Angular distributions in the Jackson frame for proton dissociation into pm*r”. (a) The decay plane normal,
(b) the A™ objects defined as 1.14 <Mpy4<1.34 GeV/c?, (c) the protons. To avoid biases due to the P1ap cut, the protons
are presented only for the 4C fit four-prong events, and are plotted with fitted values. Histograms are presented for

different regions of p7*r” mass as indicated.

found to be 1758+ 105 ub. The larger mass values
are seen predominantly in the higher-multiplicity
events and represent observation of processes
inaccessible at beam momenta of less than 30
GeV/c.

These data seem to consist of four separate types
of events. The first is the usual production of what
is loosely referred to as A mesons withdecay to pm. It
encompasses essentially all of the beam-disso-
ciation 4C four-prong data and roughly 70% of the
inelastic two-prong data.

By I-spin invariance there should be equal
amounts of A production in the two-prong and
4C four-prong categories, with identical momen-
tum-transfer distributions to the recoil protons in
the two cases. These facts taken together indi-
cate the presence of a second component in the
two-prong sample produced with low momentum
transfer and with no counterpart in the 4C four-
prong events. This signal, which is 30% of the
two-prong sample, exists statistically at a 2.4-
standard-deviation level for the entire sample,
or a 1.5-standard-deviation level for masses less
than 1.4 GeV/c2. The possibility that such a signal
represents misclassified elastic scattering events
cannot automatically be ruled out. It is indicated
in Ref. 5 that such a contamination of the inelastic
two-prong sample has an upper limit of 5%, a
value which is not in disagreement with the excess
in leading-proton two-prong events over 4C four-
prong events. If on the other hand this excess
represents a real effect, it could result from an
interference between amplitudes of I spins
of zero and two, or from production of a final
state involving 1° mesons with their neutral decay.
In the latter case the corresponding charged 1°.

decays would form part of the four-prong non-
4C fit category where they are not inconsistent
with the cross section or ¢ distribution observed.

A third component involves the beam dissociating
into five pions such as that observed in 7°d coherent
reactions at 15 GeV/c.'*> However, this is seen
to be a minor fraction of the total, witness the
small cross section in the 4C six prong events.
Finally there is production of high-mass dis-
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FIG. 20. Distributions in the lower vertex x value x;,
defined in the text, for the protons of target-breakup
four- and six-prong events. Events with the value x,
=-1 have an outgoing proton carrying all the momentum
of the incident target, as evaluated in the rest frame of
the slow charged particles recoiling against a leading
pion.
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sociations, a component with neutrals essentially -
always present. A possible explanation is that

it contains a significant fraction of states such as
w®+p” +pions. The presence of the w® guarantees
that there be no 4C-fit events of any type and also
provides a source of the very-low-mass 7*7°
pairs seen in Figs. 13(a) and 13(c).

Target dissociations are observed via leading
pions and, as such, are not a sample so cleanly
separated from background as are the beam dis-
sociations. Keeping in mind this limitation, the
remainder of the study is better performed with
target than beam dissociations. The separation
of most of the positive tracks into 7* or proton
adds a new dimension to the results. It would be
interesting to see a followup to this experiment
involving pp collisions. The leading slow proton
signals could be used to obtain cross sections and
recoil-mass and momentum-transfer distribu-
tions, and with a knowledge of these, a clean
target-dissociation sample selected on which to
study dynamic correlations.

The chief features of proton dissociation ob-
served are the relatively broad distribution of
masses obtained and the limited multiplicty range
of two - through six-prong events. The cross sec-
tion obtained of 1726 +100 ub is essentially the
same as that for pion dissociations. Neutron

production is preferred over protons by an amount
near that predicted from I =3 considerations for
the two- and six-prong categories. In the four-
prong events, where the 4C category proceeds pred-
ominantly through A** production, protons dom-
inate the final state. The only strong A* signal
observed is indeed that in this channel, where
some A° may also be visible.

The most striking feature of the angular dis-
tributions is that the outgoing protons maintain
the direction of the target in the rest frame of the
slow charged particles. In the non-4C four-prong
events this effect is particularly pronounced.
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