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We analyze the diffraction process in four-prong pp inter

+ actions at 205 GeV Ie. The plr lr state contributes only 25% to 

the proton dissociation and, as ob_served for momenta below 

30 GeV Ie, this state is confined to masses ~ 3 GeV. Substan-

Hal excitation occurs into states involving three or more pions 

and with masses as high as 7 GeV. Isovector exchange back

ground is small, as studied using the missing mass of the sys

tem recoiling from a prominent t::. ++ state. 
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Recent studies of inclusive proton-proton (pp) collisions reveal a 

broad, low-mass enhancement produced peripherally from either the target 

or projectile proton. (1) Since the production eros s section of this enhance

ment is approximately constant, at about 6 mb, from 100 to 1500 GeV Ic, it 

has been interpreted as diffractive breakup of the proton. Nothing is known 

about the exclusive contributions to the enhancement or about its relation

* (1470) .ship to lower energy phenomena such as the N resonance although the 

dominant contributions to the peak occur for the two- and four-prong events 

with a small contribution from the six-prong topology. (2, 3) 

Our study of the low-mass enhancement utilizes complete measure

ments of four-prong events in 50, 000 pictures of the 30-inch bubble chamber 

exposed to 205 GeV I c protons at the National Accelerator Laboratory. The 

sample of 1191 events used for physics analysis comprises 95% of the four-

prong events; the remaining 5% do not affect our conclusions. 

The histogram in Fig. 1(a) shows the distribution of missing mass 

2
squared (MM ) for the system recoiling off identified protons with labora

tory momentum < 1. 5 GeV / c. Referring to events with i charged particles 

in the forward and j in the backward eM hemisphere as "(i, j) events, II the 

shaded area of Fig. 1(a) corresponds to (3, 1) events; also shown cross

hatched are the (2,2) events. We note: (a) most of the low-mass enhance

2 
ment, and particularly the prominent peak appearing for MM

2 < 10 GeV , 

is associated with the (3, 1) events, (b) the (2,2) events make a small 
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2 2 
contribution for MM ~ 50 GeV , mostly concentrated between 20 and 50 

2
Gev and (c) the remaining events, (1,3) and (0,4), have a structureless 

2 2 
distribution. The events in Fig. l(a) with MM .:'!S 50 GeV give a cross sec

tion of 1. 55 ± O. 09 mb; 1. 09 ± O. 08 mb of this corresponds to the (3, 1) events. 

These and subsequent cross sections are quoted for one CM hemisphere. 

The four-prong topological cross section of 5.91 ± 0.28 mb can be 

separated into parts with only 0, 1, 2, 3 or 4 charged particles in the forward 

CM hemisphere. These cross sections are O. 19 ± 0.03, 1. 89 ± O. 10, 1. 66 

± O. 10, 1. 97 ± O. 10 and O. 19 ± O. 03 mb, respectively. The preference for 

a three-to-one partition of the charged particles can be identified with the 

predominance of (3, 1) events in the low-mass enhancement of Fig. 1(a). 

Next we discuss the rapidity structures of the events using the pseudo-

rapidity T) = In tan (8 /2), where 8 is the laboratory space angle between a 

secondary track and the beam track.. Singly diffractive events should show 

a large gap in the ordered rapidity chain of the secondary particles, separat

ing the leading particle from the diffractive cluster. The 219 (3, 1) events 

2 2 
in Fig. l(a) with MM ::::; 50 GeV have an ave.rage rapidity gap of four be

tween the recoil proton and its nearest neighbor, and for all of these events, 

this first� gap is the largest. The three forward hemisphere particles form 

2 
a cluster� with a spread in rapidity of ± 1. For the 69 (2, 2) events with MM

2 
~ 50 GeV , however, the average gap between the recoil proton and its 

nearest neighbor is about 2.2 and for only 31 events is this gap the largest. 
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The middle gap is largest for 16 events. (4) We conclude that the (2,2) events 

are not predominantly diffractive. 

. 2 2
Defining as diffractive those events havmg both MM ~ 50 Gev and a 

rapidity gap ~ 2. 5 between the leading proton and its closest neighbor, we 

obtain a four-prong single-diffractive cross section of 1. 19 ± O. 08 mb. (5) 

We now proceed to determine how often the excitation results in parti

cle multiplicity higher than the Nrrrr observed for the N*(1470, 1520, - - - -) 

resonances diffractively produced at lower beam energies. In a separate 

analysis of the four-prong events considered here, we find the reaction 

pp 
+ 

- pprr IT (1) 

.is d . d b d·· .. + - (6)om mate y proton lssoclahon into plT IT • E vents b 1 d'e ong pre oml

nantly, about 90%, to the (1,3) or (3, 1) categories. The cross section for 

those events of reaction (1), which satisfy our definition of single diffraction, 

is O. 32 ± O. 07 mb out of a total one hemisphere cross section of O. 34 ± O. 07 
•� 

mb. 

2 
Fig. 1(b) shows the distribution of MM for the (3, 1) events of reac

tion (1). The contribution from the plT +IT - state is confined to the low-mas 5 

part of the diffractive peak in Fig. 1(a). These distributions may be com

2
pared to the MM distribution for the two-prong events with an identified 

proton in this exposure, (2, 7) Fig. l(c). Not only does the peak position 

occur at a lower mass in Fig. l(c) than for Fig. l(a), but it is also lower 

+ than for the plT IT system in Fig. 1(b). This observation suggests a 
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large part of the diffractive enhancement in the two-prong events goes 

through the NlT state. 

+ - 0Next we estimate the separate contributions of plT IT llT (1? 1) and 

2
nlT +lr +1T - mlr 0 (m ? 0) to the single diffractive eros s section. The MM

distribution corresponding to these states is shown in Fig. 1(d) and is sim

ply obtained by subtracting from the diffractive component of Fig. 1(a) those 

+ events assigned to the pplr IT final state. One sees a much broader distri

bution shifted to higher mass when the pplr +IT - events are excluded. We 

now use the events which, in the overall eM system, are symmetric to 

those in Fig. 1(d), and where again we can utilize our ability to identify 

slow particles. To select the symmetric events, we use Fig. 2 which shows 

a scatter plot of either the largest or the smallest" in an event versus the 

" gap from its closest neighbor. For each event we plot only the combina

tion where the gap is the largest. All events except those assigned to reac

tion (1) are included, but the two enclosures indicate where those events 

would fall. In fact, the right-hand enclosure also isolates the diffractive 

events in Fig. 1(d), together with a small (- 15%) background, mainly from 

double dif£ractive processes. The desired symmetric events which we use 

are, therefore, in the left-hand enclosure. 

+ Fig. 1{e) shows the p1T IT effective mass squared distribution for 

events selected as above and where the proton is identified. A peak is ob

served but shifted to lower mass than for the projectile dissociation 
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o
enhancement, Fig. 1(d), as a result of not including If 's when calculating 

the effective mass. (8) We estimate from Fig. 1(c) that 0.39 ± 0.06 nlO of 

diffractive production comes from the final states prr +'r -iTT o. Since proton 

identification is required, this result represents a lower limit to the contri

bution. 

About 9% of the four-prong events have two slow positive particles that 

were identified by ionization to be pions. Of these, there is a clearly sepa

rated group which falls within the left-hand enclosure, corresponding to a 

cross section of O. 14 ± 0.03 mb. This clustering of two TT + and an assumed 

TT clearly separated from a leading particle shows diffractive production of 

+ + - 0the nTT TT TT mTT states, and the quoted cross section again represents a 

lower limit. 

The remaining diffractive events, corresponding to a cross section of 

0.24 ± O. 04 mb, could not be assigned to the neutron or proton final states 

above because of lack of particle identification. 

We conclude that the nucleon plus three or more pion states contribute 

to the diffractive excitation, in agreement with the evidence from the six

prong events. (2,3) 

Both isoscaler and isovector exchange processes may contribute to the 

low-mass enhancement discussed above. To study the production of such a 

peak by I = 1 exchange, we use the events with an identified A++. Fig. 3(a) 

shows the pTT + effective mass plot for the two- and four-prong events that 
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have two low-momentum positive particles; (9) the two-prong events are 

shown hatched. Two-thirds of the 1).++ peak is associated with the (1,3) 

diffractive enhancement, and these t::. ++ are decay fragments of diffractiYely 

produced states. Defining the t::. ++ as p1T + mass ~ 1. 32 GeV, the distribution 

in missing-mass-squared recoiling from the t::. ++ is shown in Fig. 3(b). The 

shaded four:--prong events have the additional selection" gap ~ 2. 5 and ex

hibit a small low-mass peak as might be expected for such a selection. 

Applying our criteria for diffractive production, we obtain a cross section 

of O. 084 ± O. 020 mb compared to 1. 19 ± O. 08 mb for the proton case. This 

strongly suggests that only a small part of the low mass peak of Fig. 1(a) 

can come from isovector exchange. 
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Figure Captions 

2
Fig. 1� The distribution in MM from the identified proton: (a) for all 

four-prong events. There are 224 events overflow. The (3, 1) 

events are shown shaded; the (2,2) events are cross-hatched; (b) 

+ -� + for the pplT 1T final state where the plT IT system is in the for

ward CM hemisphere; (c) for the two-prong events with an identi

fied proton; (d) for the singly diffractive events in (a) above but 
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+ -with events as signed to the reaction pp - pprr IT removed, and 

(e) the squared effective mass distribution of the plT +IT - system 

for the events symmetric in the eM system to those events in (d) 

above which satisfy the criteria for single diffraction, in the text. 

Fig. 2 Scatter diagram of the", which is either the largest or smallest 

in the ordered rapidity chain of the four-charged particles, versus 

the rapidity gap to the nearest neighbor. + -
The pp - pprr IT events 

have been removed. Each event appears once using the pair of 

variables with the largest rapidity gap. 

Fig. 3 For two- and four-prong events with an identified proton and IT +: 

+(a) the effective mass of the plT system. The cross-hatched 

2 
events are two-prong events and (b) the MM distribution for the 

system recoiling from the D. ++(1236). The cross-hatched events 

are the two-prongs and the shaded events have a 

~ 2. 5 between the D.++ and its nearest neighbor. 

rapidity gap of 
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