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Diffractive process in six-prong proton-proton interactions at 205 GeV/c*
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We have studied the 6-prong events in a 50000-picture exposure of the Fermilab 30-inch hydrogen bubble
chamber to a 20S-GeV/c proton beam. The data consist of complete measurements of 442 events, each
containing a proton track with P„b g 1.4 GeV/c. A low-mass diffractive peak is seen in the events with 5
charged particles in the forward center-of-mass hemisphere. An analysis based on the rapidity distributions of
the outgoing tracks and the missing mass gives a single diffractive cross section of 0.88-+0.12 mb for both.
hemisphercs of which the final state ppn+m+m m contributes 0.18+0.07 mb. In the diffractive sample,
only 0.20+0.06 mb corresponds to events decaying through an intermediate state containing a 6++. We
measure an upper limit for the double diffraction cross section of 0.38+0.12 mb'.

Studies of the inclusive proton reaction

p+ p- p+X
have been made over a wide range of energies. '
The data show a low-mass peak in the mass-
squared distribution for X (MM'). In our experi-
ment at 205 GeV/c in the 30-inch hydrogen bubble
chamber at the Fermi National Accelerator Labor-
atory, it was found that only the low-multiplicity
events (two, four, and six prongs) contribute' to
this diffractive enhancement. Detailed studies of
the two- and four-prong events show that their sin-
gle diffractive contributions to the low-mass peak
are 2.05+0.22 mb and 2.38+ 0.16 mb, respective-
ly." In the four-prong events, 25/o of the low-
mass peak was found to come from the PPm'm

final state, with the remainder consisting of states
with three or more pions. From an analysis of the
missing-mass spectrum, the six-prong events
were estimated to contribute 0.52+ 0.18 mb to the
total diffractive cross section. ' All these numbers
are quoted for both center-of-mass (c.m. ) hemi-
spheres.

In this paper we report on our study of the com-
plete six-prong events and on their contribution to
the low-mass peak observed in reaction (1). Pre-
viously, ' only the slow proton was measured and
no information was obtained about the individual
make-up of the system X. The new results come
from measurements of all outgoing tracks for
those six-prong events, in a given fiducial region,
which had a proton with laboratory momentum less
than 1.4 GeV/c. Our selected data sample con-
sists of 442 events corresponding to a pb equiva-
lent of 6.06 pb/event.

We first present the evidence for diffractive dis-
sociation of the beam particle. Figure 1(a) shows
the square of the missing mass, MM', of the sys-
tem recoiling from the slow proton. In Figs. 1(b)—
1(f) we show this MM' distribution subdivided ac-
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FIG. 1. Missing-mass-squared (MM 3 distributions
for the system recoiling from the slow proton in six-
prong events: (a) all events, (b) 85 events with five
particles in the forward c.m. hemisphere, (c) 108 events
with four particles in the forward c.m. .hemisphere, (d)
131 events with three particles in the forward c.m. hemi-
sphere, (e) 77 events with two particles in the forward
c.m. hemisphere, and (f) 41 events with one particle in
the forward c.m. hemisphere.
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cording to the number of charged particles in the
forward c.m. hemisphere. We refer to events with
i charged particles in the forward c.m. hemisphere
and j charged particles in the backward c.m.
hemisphere as (i, j) events. We note that the
events with low MM' are almost all of the (5, 1)
type, with a small contribution from the (4, 3)
events. .

'

To continue the analysis, we consider th6 parti-,
cle distributions in the ordered rapidity chain. We
use the pseudorapidity variable

q = lntan20,

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 in the ordered rapid-
ity chain as shown in Fig. 2.

In our study of the diffractive process in the four-
prong events, we used the technique of rapidity. —

gap analysis and a minimum rapidity gap Aq = 2.5

was found appropriate to define diffraction. Figure
3(a) shows the MM' distribution for the six-prong
events which have a proton on the left-hand end of
the rapidity chain. in Fig. 2, and for which the larg-
est q gap is also the first gap. Comparing this to
Fig. 1(a), we note that almost all the events with
MM'&40 GeV' appear in Fig. 3. The cross-hatched
events have the first gap greater than 2.5 units.
For these events, the average g of the five parti-
cles is 4.6 units and the average spread in g for
the five-particle cluster is 2.3 units. Using the
same definition as was previously used for the
four-prong events, we find 64 events with hq &2.5

units and MM'&40 GeV'. This corresponds to a
single diffractive cross section of 0.88+ 0.12 mb, '
which is somewhat larger than the diffractive cross
section of 0.52' 0.18 mb estimated from an analy-
sis of the MM' distribution only. ' Our definition of
diffraction involves no background subtraction and
does allow some pions to be in the backward hem
isphere.

To estimate the contribution to the diffractive
peak from the reaction

matic fitting program s@UAgr and looked for three-
or four-constraint fits. Since 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. Our previous analyses" of the in-
clusive distribution in Feynman x (x =P~~~/3&s) for
positive pions show very few events with

~
x

~

& 0.6,
and so we have also required the m' laboratory mo-
mentum to be &110.GeV/c (corresponding to x
&0.6). In Fig. 3(b) we show the distribution in MM'

from the slow proton for the events with accepted
fits to reaction (3), and for which the largest q gap
is the first gap. Almost all events have MM'&20
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we have fitted the six-prong events with the kine-

FIG. 2. Configuration of particles in g=ln tan 20 for
a beam diffraction dissociation in a six-prong event.

FIG. 3. Missing-mass-squared (MM ) distribution for
the system recoiling off the slow proton for those events
with the proton on the end of the ordered rapidity chain
and for which the largest rapidity gap is the one separat-
ing the proton from its nearest neighbor: (a) all six-
prong events, (b) events giving acceptable fits to the re-
action pp ppm'&'~ r, (c) remaining events, i.e. , the
difference between (a) and (b). The cross-hatched
events correspond to those for.which the first gap is
greater than 2.5 units.
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TABLE I. Properties of the low-mass diffractive enhancement in pp —pX at 205 GeV/c.

Composition
of final state

Approximate MM peak
pos ition (GeV~.)

Cross section (mb)
(both, hemispheres)

2-prong
inelastic

4-prong events
3C-4C fits

remaining
4-prong events

6-prong events
3C-4C fits

remaining
6-prong events

Pf+ ~3'.

P7r'z'7 7'

p" + ~~5 7T

4 5

10

10

20

2.04+ 0.22

0.64 + 0.14

1.92+ 0.16

0.18+ 0.07

0.70 + 0.11

GeV' and correspond to a cross section of 0.18
+ 0.07 mb, 20%%uo of the total six-prong diffractive
cross section. '

Figure 3(c) shows those diffractive events which
do not have accepted fits to reaction (3). Note that
the peak is at a higher value of MM' than for the
events assigned to reaction (3). This agrees with
earlier observations that the diffractive peak
moves up in MM' as the number of constituent par-
ticles increases. ' The results for the various
topologies are compared in Table I and illustrated
in Fig. 4, which shows the diffractive peak for
various topologies, both with and without missing
neutrals.

In a companion study, ' we have determined the
characteristics of inclusive 6" production. One
interesting question is the extent to which the 6 '
results from the decay of a higher-mass diffrac-
tively-produced state. Since the 6" inclusive
cross section is about equal to the diffractive
cross section for the six-prong events, this topo-
logy is important for a study of the connection be-
tween diffraction and ~" production. To investi-
gate this question, we have chosen the events that
are symmetric in the c.m. system to the (5, 1)
events of Fig. 1(b). In Fig. 1 we see that there are
only 41 (1, 5) events present, whereas we observe
85 (5, 1) events. After making a 15P/e correction
for events with two fast protons' (P„,& 1.4 GeV/c),
this implies that about 35/0 of the (5, 1) events con-
tain a neutron in the final state.

Figure 5(a) shows the Pm' mass distribution for
the (1, 5) in which the target has diffracted. A
clear peak corresponding to a" production is ob-
served. This peak of 18 events above background
gives a, cross section of 0.22+ 0.06 mb, which may
be compared to the inclusive six-prong 4" cross
section of 0.80+ 0.10 mb. ' Thus there is only
about a 25%%uo overlap between diffraction and a"
production for the six-prong topology. In Fig. 5(b)
the diffractive events also show an enhancement in
the 6' region, but the small number of events and
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FIG. 4. Missing-mass-scgiared (MM ) distribution for
the system recoiling from the slow proton for (a) the
inelastic two-prong events, (b) the (3,1) four-prong
events fitting pp ppvr+~, (c) the remaining four-prong
events, (d) the (5, 1) six-prong events fitting pp

ppm+m+~ &, (e) remaining six-prong events.

the uncertainty in the background do not allow us
to make a quantitative estimate of the L' cross
sect&on.

%e have also studied double diffraction dissocia-
tion PP -N*N~, where the symbol N* is used here
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FIG. 5. (a) Effective mass of slow proton plus ~+ for
the (1,5) events; there are two entries per event. A A++

signal is evident. (b) Effective mass of slow proton plus
for the (1,5) events.
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FIG. 6. Scatter plot of M {'pvt'+x ) vs the missing mass
squared. There is one entry per event selected as that

pVt+Vt combination with M (pvt'+x ) &40 GeV and the low-
est momentum transfer from the target proton.

to refer to the low-mass enhancement which de-
cays into three charged particles (with or without
neutrals). The signal for this reaction is shown in
Fig. 6 as a correlated low-mass enhancement,
both in the mass of slow proton, positive and neg-
ative pion system, and in the missing mass to this.
system. From the six combinations that are can-
didates for Pm'm, we have selected one per event.
To be selected, the combination must have mass
squared less than 40 GeV' and momentum transfer
from the target proton lower than in any other such
combination. To estimate the background, we have
repeated the same selection procedure for the non-
diffractive combinations Pm m . The Pm m and

pm 7r mass distributions are shown in Fig. V(a) as
the open and cross-hatched histograms, respec-
tively. Inhere is a clear excess of the signal
(pm'm ) over the background (pm m ). Figure 7(b)
shows the MM' distribution from the events of
Fig. 7(a) where now the open histogram corres-

, ponds to the missing mass recoiling off the pm'm

system of Fig. 7(a) and the cross-hatched histo-
gram to that recoiling of the pm m system. Since
we are intere'sted iri the shape of the background
to the MM' distribution, we have area-renormal-
ized the cross-hatched histogram to the open histo-
gram in Fig. 7(b). Although there is an excess at
low MM' in Fig. 7(b), the large backgrounds and
unknown correlations between the signal and back-
ground in FigS. 7(a) a,nd V(b) only allow us to estab-
lish an upper limit for double diffraction. From
Fig. V(b), we obtained o nn ~ 0.38+ 0.12 mb. '
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FIG. 7. (a) Distribution in M{pVt 7t ), one combination
per event with M (pr+x ) &40 GeV, and the combination '

with lowest momentum transfer chosen. The cross-
hatched events represent the background pm 7( combin-
ations. (b) Distribution in the square of the missing
mass for the system recoiling against the selected pVt+7('

system. The cross-hatched events represent the back-
ground using the system recoiling against the pVt x
combinations.
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5A 15% correction results from requiring symmetry in

the c.m. system. In the PPm+n. +m m events, we find

I

30% fewer slow (target-associated) protons than fast
(beam-associated) protons. This is due to the cutoff
at a laboratory momentum of 1.4 GeV/c that was
applied to select the slow protons. We apply the same
15% correction to all 6-prong events.

~Following the analysis described in Ref. 4 for the re-
action pp pPm+m, we have subtracted a background
of (20+ 7)% to account for events which actually have
one or more missing neutrals.

S.J. Barish et a/. , Phys. Hev. D 12, 1260 (1975).
In a study of six-prong events at 300 GeV/c, A. Fire-
stone et a/. , Phys, Rev. D 12, 15 (1975), report a
0~0 =0.12+ 0.05 mb.


