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We have studied the 6-prong events in a 50, 000 picture
exposure of the 30-inch bubble chamber to a 205 GeV/c proton
beam at the Fermi National Accelerator I.aboratory. The data
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Introduction

Studies of the inclusive proton reaction
T T +

P+p—=p+X (1)

' 1
have been made over a wide range of energies( ) and show a low mass peak in
2

the missing mass squared M distribution. In our experiment at 205 GeV/c

in the 30-inch HBC at the Fermi National Accelerator Liaboratory, it was

2)

found that only the low multiplicity events (2-, 4-, and 6-prongs) contribute

) of the 2- and the 4-prong

to this diffractive enhancement. Detailed studies(3’4
events show that their single diffractive contributions to the low mass peak are
2.05 % 0.22 mb and 2.38 + 0. 16 mb, respectively. In the 4-prong events, 25%
of the low mass peak was found to come from the ppm +‘l‘ " final state with fhe
remainder being contributed from states with 3 or more pions. The 6-prong

events were estimated to contribute 10 + 3% to the diffraction or 0. 52 £ 0. 18 mb.

All these numbers are quoted for both CM hemispheres.

In this paper we report on our study of the complete 6-prong events and
on their contribution to the low mass peak of reaction (1). Previously, only
the glow proton was measured; no information was obtained about the individual
make-up of the system X+ apart from its charged particle muitiplicity depen-
dence. In the current study, we measured all .outgoing tracks icr those 6-
prong events,in a given fiducial region,which had a proton with laboratory mo-
mentum less than 1.4 GeV/c. Each event was examined by a physicist and

when possible, mass assignments were made for the other 5 tracks on the



basis of observed ionization. Qur present sample consists of 446 cvents cor-

responding to a microbarn equivalent of 6. 06 yb/cvent.

Results

We first present the evidence {or diffractive dissociation of the beam
particle. Fig. 1(a) shows the square of the missing mass, MMZ, of the sys-
tem recoiling from the slow proton. In Fig. 1{b-f} we show this MMz distri-
bution separated according to the number of charged particies in the forward
CM hemisphere. We refer to events with i charged particles in the forward
CM hemisphere and j charged in the backward CM hemisphere as "{i, §)"
events. We note that the events with low MMz are almost all from the (5, 1)

events, with only a small contribution from the (4, 2} events.

To continue the analysis, we consider the particle distributions in the
ordered rapidity chain. For convenience, we use the pseudo-rapidity variadle
n = In(tanf /2) , {2)
where 0 is the laboratory production angle for an outgoing particle. For
those events in which the beam particle diffractively dissociates, we expect
the recoiling target proton to be well separated from the remaining particles

o

in the ordered rapidity chain as shown below.




In our study of the diffractive process in the 4-prong events, this techni-
que was uscd and 2 minimurn rapidity gap An =°2. 5 was [ound appropriate to
definc diffraction. Fig. 2 shows the MMz distribution for the 6-prong cvents
which have a proton on the end of the rapidity chain and for which the largest
n gap is also the first gap {thc gap on the right in the above diagram). Com-
paring this to Fig. 1{a), one notes that almost all the events with M.Mz < 40
Gevz appear in Fig. 2. The cross-hatched part corresponds to the events
for which the first gap is greater than 2.5 units. For these events, the aver-
age n of the five particles is -4. &6 units and the average spread in n per event
is 2.3 units. Using the same definition as was previously used for the 4-prong
events, we [ind 64 cvents having &n > 2. 5 units in the shaded distribution with
MMZ < 40 ch?._ This corresponds to a single diffractive cross section of
0. 38 2 0. 05 mb for one CM hemisphere. Qur definition of diffraction using
the rapidity gap and MMZ sclections allows for some pions to 'lcak’ into the
backward homisphere. We may compare this number to the diffractive cross
section of 0.26 & 0. 09 mb estimated from an analysis of the M.Mz distribution

only. @)

To ectimate the contribution to the peak {rom the reaction
pp-ppsietETET )
we have fitted the 6-prong events with the kinematic fitting program SQUAW
and looked for 3- or 4-constraint fits. Sincc we are interested in fits for which
a proton is the fastest particle in the lab frame, we accepted only those fits
for which the fast forward proton had laboratory momentum > 150 GeV/c.

-



Studics of the positive pion X distribution {(where X herc is the Feynman vari-
able) show very few events with |x| > 0.6, and 50 we have also used a @ *
Jaboratory momentum < 110 GeV/c (= X < 0. 6) selection. The mass assign-
ments to the tracks also have to agree with the observed track ionization. In
Fig. 2(b) we show the distribution in MMz from the slow proton for the events
with accepted [its to reaction (3), and for which the largest n gap is the first
gap. This may be compared to the distribution for events which satisfy our
criteria for difiraction shown in Fig. 2{(a). Fig. 2/c) shows those diifractive
events which do not have accepted fits to reaction (3). Note that the peak is at
a higher value of MMz than for the events aseigned to reaction {3}. This agrees
with earlier observations that the diffractive peak moves up in MM2 as the

4)

aumber of constituent particles increases. The results are sununarized

in Fig. 3, which shows the position of the diffractive peak for various topologius

and number of finzl state particles and also in Table I.

In a companion study, (5) we have looked at the characteristics of inclu-
sive A“ production. One interesting question is the extent to which the a*t
results from the decay of & higher mass diffractively produccd state. Since
the A” inclusive cross section is about equal to the diffractive cross section
for the 6-~prong events, this topology is critical for a study of the conncction

between dilfraction and AH production.

To investigate this question, we have choscn the events that are sym-

metric in the CM system La the {5, 1) events of Fig. 1. In Fig. 1 we sec that

therc arc only 41 (1, 5) events present, whercas we cbscrve 85 (5, 1) events.



This implics that about half of the (5, 1) events contain a neutron (or perhaps

a fast proton) in the final state.

Fig. |-(a) shows the pv * mass distribution for the {1, 5) evenis for which
the target has diffracted. A clear peak corresponding to A++ production is
obscrved. This pcak of 18 events gives a cross section of 0. 1 + 0. 03 mb,
which may be compared both to the diffractive 6-prong cross section of 0,38 &
0. 05 mb and to thq inclusive 6-prong A++ cross sectiou of 0.40 1 0. 05 mb.
Thus, there is only about a 25% overlap between diffraction and A++ production

for the é-prong topology.
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Table I

Properties of the Low Mass Diffractive Enhancement in
PP =~ pX at 205 GeV/c

Reacti Approximate MMZ Peak Cross Section Composition

1on Position GeV mb of Tinal State
2-prong >
inelastic 2 1.02 £ 0. 11 N+2z 1w
4-prong + -
3C.4C fits 4.5 0.32 1 0. 07 pr W
remaining 10 0.86 & 0. 08 N> 3%
4-prongs
6-prongs + 4+ - -

1 0.1 . 04 w
3C-4C fits > 8+0.0 pr T W
remaining 35 0.21 £ 0. 04 N+Z 4w
6-prongs
Figure Captions

Fig. 1 Missing mass squared (MMZ) distributions for the system recoil-

ing from the slow proton in 6-prong events: (2) all events, (b)
85 events with 5 particles in the forward CM hemisphere, (c) 108
events with 4 particles in the forward CM hemisphere, (d) 131
events with 3 particles in the forward CM hemisphere, (e) 77
events with 2 particles in the forward CM hemisphere, and (f)

41 events with 1 particle in the forward CM hemisphere.



Fig. 2

Fig. 3

Fig. 4

Missing mass squared (MMZ) recoiling off the slow proton for
those events with the proton on the e-nd of the ordered rapidity
chain and for which the largest rapidity gap is the one separating
the proton from its nearest neighbor: (a) all events, (b) events

giving acceptable fits to the reaction pp - pp7 ot o ", {c)

remaining events, i.e. the difference between (a) and (b).

Missing 1uass syuared distribution for the system recoiling from
the slow proton for (a) the inelastic 2-prong events, (o) the (3, 1)
4-prong events fitting pp - pp7™ +1r -, (c) the remaining 4-prong
events, (d) the (5, 1) 6-prong events fitting pp - ppr +1r +1r “w -, (e)
remaining 6-prong events.

(a_) Effective mass of slow proton plus v * for the (1, 5) events;

++
there ar: 2 entries per event. A A signal is evident.

(b) Effective mass of slow proton plus ¥ for the (1, 5) events.
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