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1. INTRODUCTION

Vve wish to report an interesting characteristic of single-particle rapidity distri-

butions observed in 200 GeV/c Tr -p interactions. The data are from a sample of

...., 16, 000 events obtained with the 30" bubble chamber at Fermilab. A hybrid arrange

ment
l

) of upstream pwcls and downstream wide-gap chambers was used to improve the

resolution for fast forward secondaries.

2. LEADING PARTICLE EFFECT

The cms rapidity distributions for 'IT:±: produced in the reactions 'IT
±

+P-'IT +

anything are shown in Fig. 1. Co rre sponding distributions for the 205 Ge VI c reactions

p + P -11"± + anything
Z

), normalized to the 11" - P inelastic cross sections" are shown for

comparison. The factorization hypothesis for target fragmentation is clearly well sat

isfied for both iT+ and 'IT - production. The TT+ distributions for the two reactions are,

in fact, in excellent agreement over the entire range of rapidity, whereas the 11'" - distri-

uution-,5 show a considerable excess in TT - P compared to pp" production. This 1J1eading

particle effect 'l is not confined to the extreme forward direction but extends back in.to

the central region, Iy I~ 1.0; there is, indeed, no "central region" independent of

the nature of the incident particles at 200 GeV / c.

That the forward excess of 11"- is not confined to events of low multiplicity is

demonstrated in Fig. 2a -- it is clearly evident even in events with lTIultiplicity n? 14.

The fast "single leading TT -II also cannot account for the effect: when we rapidity-order

all secondaries in each event, and exclude the leading 11"- forward of the rnaximun1.
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ra.pidity gap (requiring r n1ax ":::: L 0) we obtain the dashed histogranl of Fig. 2b~ JlJ10st

of the le:Hling -particle excess remains. Vie next exclude {roIn the distribution all

charged secondaries in each event which are forward of the Inaximum rapidity gap, again

requiring r n1ax 2 1. 0 (Fig. 3a), with the further requirement that the charged multi-

plicity 1,,1 of this "leading cluster" be odd and that it have a total charge Q = -1. In

this case, the distribution for the 1T - rem.aining is shown as the inner histogram of

Fig. 2b, and we conclude that there is significant production of "leading clusters" in

inclusive reactions at Ferm.ilab energies.

3. "LEADING CLUSTERS"

To study systematic trends in the leading clusters, we investigate the distribu-

tions of total charge Q and cluster multiplicity. M of the charged secondaries forward

of r in each event. In Fig. 3b, the distribution for Q shows a pronounced peak
max

at Q = -I, indicating that a large fraction of the forward clusters have the same charge

as the beam particle. ~~ Fig. 3c shows that odd multiplicity predominates and that even

out to high M, Inost of the odd-M clusters have Q = -1 (shaded). If the largest gaps

were distributed at: random one would not expect such a "picket fence" distribution. If

we hand-draw a smooth background curve through the. even-multiplicity values for

r max ?': 1, as indicated, the cross sections for formation of all Q = -1 leading clusters

selected on this basis is considerable: 6.6 ITlb, out of a total inelastic cross section of

21 lUb.

In Fig. 3d we show distributions of the leading cluster multiplicity M for

different multiplicities n of charged secondaries in each event, with the requirement

that Q:: -1. For all topologies the largest M allowed has the greatest population and

single forward 11" - emission has the next highest preference. All topologies are thus

consistent with a "single dissociation" picture in which a large fraction of the events

involve either target dissociation, with a single fast 1T - in the forward direction, or

::') In contrast to this predominance of charge transfer zero across the maxitnum
rapidity gap, r max, the charge transfer is <Gcro for only ::S1~ of all~.
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bearn dissociation into the largest nun1ber of charged secondaries allowed. This is

particularly evident for the high-ITlultiplicity events. \Ve have made' a cornparison with

a con1pletely·-randoHl charge distribution nl0del requiring only that the leading 1\1

charged particles have net charge Q:: -1. The lTIodel calculation values are shown,

dotted, in Fig. 3d. It is clear that the lTIodel does not account for the effect we see.

It is also evident that the general features of these distributions are not strongly depen.-

dent (there is the expected kinematic dependence) on our choice for the rninirnun1. value

of rrnax (Figs. 3b, 3d).

4. SUMMARY

At 200 Ge V/ c we find a large "leading cluster" effect that produced greater

inclusive 1T - cross sections for IT p than for pp reactions over the entire forward

cms hemisphere. These leading clusters are observed for all topologies and tend to be

associated both with net cluster charge equal to the charge of the incident pion (zero

charge transfer across the lTIaxirnum rapidity gap) and with cit rnaxiInurn rapidity gap

located at one end of the rapidity chain.
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Fig. 1 Distributions of the ems rapidity for (a) Tt'+ and (b) IT pro
duced in 200 Ge V I c rr - p inelas tic inclusive r eac tions. Co r res
ponding distributions for the reactions p + P - tr± + anything at
205 GeV/c, normalized to the 1T-p inelastic cross section, are
shown for comparison (open circles).
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Fig. 2 a) Rapidity distributions (ctns) by ulultiplicity for iT produced
in 200 Ge V/ c 1T -p interactions, fo r (outer histo gram.) all iT -,

for (x) 2 S n 5 4, for (0) 6::; n::; 12, and for (.) n ~ 14.
b) Rapidity distribution for (outer histogram) all IT-, for (dashed

histogratn) n- retnaining when' 'Isingle leading IT-II are ex
cluded, and for (inner histogram) TT - remaining when IIlead
ing clusters II are removed. Data for 205 Ge V Ie pp inter
actions, normalized to the rr-p inelastic cross section". are
shown for cotnparison (open circles).
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Fig. 3 a) Diagram.s illustrating rapidity ordering with (above) selec
tion of "single leading 11" -II and (below) selection of "lead
ing clusters".

b) Distribution of total charge Q of all charged secondaries
which are forward of the !TIaxirnurn rapidity gap for r lTlax ? 0
(unshaded) and r 2 1 (shaded).max

c) Distribution of multiplicity M of charged particles fa r the
same events,rrnax ~ 1. The shaded portion corresponds to
Q = -1. The dashed "background" curve is hand-drawn
through the even-multiplicity values.

d) Distribution of Q = -1 leading-cluster multiplicity M by
over-all event m.ultiplicity n. (Note changes of scale.) The
unshaded portion corresponds to r max ?: 0 and the shaded to
r ? 1. Results of a model calculation with cOITlpletelyInax
randoITI charge distribution, requiring only that the leading NI
charged particles have net charge Q:: -1, are shown dotted.


