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The inelastic reaction pp - p + X is studied at 205 GeV I c. 

2
The distribution of mis sing mass squared, M , shows a large 

'2 
diffractive-like peak at low M due to two-, four- and six-

prong events. The slope of the invariant cross section versus 

2 
t decreases with increasing M. The energy dependences of 

the muttiplicity moments for the recoiling system X are simi­

lar to those for corresponding moments for pp - n charged 

particles. 
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The existence of excited states of the proton has been established by 

experiments at beam momenta below -- 30 GeV Ie. Some of these states with 

low mas s have been found to be produced diffractively, e. g. with approxi- . 

mately energy independent cross sections, and therefore are also expected 

to occur at higher energies. In this Letter we present results on the inelas­

tic reaction pp - slow p + X obtained using data from a 50,000 picture expo­

sure of the 30-inch LHBC to a beam of 205 GeV Ic protons at the National 

Accelerator Laboratory (NAL). The objectives of our analysis were to study 

the diffractive-like excitation of the beam proton by examining the distribu­

2 
tion of missing mass squared, M , recoiling against the slow proton, and to 

investigate the charac.teristics of the process. Data at 102(1) and 303 GeV Ic(2) 

(3) 2 
and at ISR energies show peaks at low M , but the dependence of peak posi­

tion on charged particle multiplicity and the behavior of t distributions as a 

2
function of M have not been studied in detail (t is the square of the fou r-

momentum transfer from target to recoil proton). 

The results reported here are based on 3600 events having protons with 

lab momentum less than 1. 4 GeV Ie. We have applied to the data appropriate 

weights (ranging from 1. 04 to 1. 17 for different topologies) to compensate 

for scanning and proces sing losses. (4) To obtain distributions for inelastic 

events only, we have subtracted the elastic events which form the majority 

of the two-prongs. All two-prong events in the exposure have been measured 

completely and kinematically fitted. (5) Removal of the 1100 events that give 
"': 

an elastic fit(6} and the 200 that have not been measured well enough for a 
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3 ~r 4-constraint fit to be attempted leaves 300 ± 40 inelastic two-prongs 

(before weighting). 

2
The M distribution for all events (which is unbiased by our slow pro­

2 
ton selection up to M = 150 Gey2) is given in Fig. 1. It shows a striking 

peak below 5 Gey2 with a tail extending above 25 Gey2 After allowing for 

background, the shape of the tail is consistent with a fall-off of the approxi­.- 2 
mate form 11M expected for a triple Pomeron proce s s (see the curves on 

the insert in Fig. 1). Plots for the different charged multiplicities contri­

buting to the sample are given in Fig. 2 and show that the peak in the distri­

bution for all events comes mainly from the two- and four-prongs with a 

small contribution from the six-prongs. A noticeable feature of these plots 

. h I k .. . M 2 f b 1 2 2 f h1S t at t le pea pos1tlon moves up 1n rom e ow GeV or t e two-

prongs, to -. 4 GeV
2 

for the four-prongs (see the inserts in Fig. 2{a) and (b», 
2 

and to '" 16 GeV for the six-prongs. There are no significant peaks in the 

distributions for events with eight or greater than eight prongs. 

We take the existence of the peak in Fig. 1 as a clear indication of the 

2 
presence of diffractive fragmentation leading to states with low M and low 

multiplicity. The cross section for events above background in the peak has 

been calculated {using a microbarn equivalent for our data of (4. 35 -l:: O. 1) fJ-b/ 

event) to be (j ::: (2. 6 ± 0.3) mb. (7) This represents a lower limit on the 
s 

cross section for diffractivc fragmentation of the beanl proton since we have 

no way of estimating any contributions from diffractivc processes leading to 

2 2 
high M states or yielding distributions that do not peak at low M . We 
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estimate that (44 ± 6)% of (J" is due to the two-prongs, (46 ± 5)% to the four­
s 

prongs and (10 ± 3)% to the six-prongs. Assuming factorization for whatever 

processes contribute to the peak, the double	 diffr~ctive cross section (J" d =. 
2 

(J" lir 1 t' = (1. 0 ± 0.2) mb (using (6.8 ± 0.2) mb for (J" . , the elastic 
5 e as lC . elastlc 

pp cross section), so a lower limit on the total diffractive cross section for 

beam, target, or both protons is (6. 2 ± O. 7) mb at 205 GeV Ie. Values quoted 

at other energies (though each experiment uses a different method of estimat­

ing (J" ) are (8.5 ± 1. 5) mb at 102 GeV Ic(1) and (6.8 ± 1. 0) mb at 303 GeV Ie. (2)
s	 . 

To	 show the behavior of the slow proton events as a function of four­

2 2 
momentum transfer, we give in Fig. 3 plots of s d 0 Idt dM for several 

2 
ranges of M. The tdependence of each distribution can be well-fitted by 

Bt .
the form Ae except m those bins affected by the kinematic boundary at high 

2 
values of M. Even though we have made no corrections for loss of protons 

with -t'Z O. 01 (GeV Ic) 
2 

in the two-prongs, where such a los 5 is likely to 

occur, the t distributions for M 
2 < 50 GeV 

2 
do not show any fall-off as t - O. 

2 
Thus, if the low M peak were due to a triple	 Pomeron proces 5, our data indi­

cate a non-zero value for the coupling at the triple Pomeron vertex even at 

2 
t:::w -0. 01 (GeV/c) • 

We have also fitted the distributions for two-, four-, 5ix- and eight-

prongs separately. The values of B obtained in all the fits are given in Table 

2
1.	 Within statistics, all topologies have similar values of B for each M 

2 2 
range. Below M = 5 GcV , the slope parameters are near the value of (11 ± 

-2 . . (8) . 2
1) (GeV/c) found for e lastlc pp scattermg, but at hlghe r M the value s 
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2 2� 
are� significantly lowe r. We note that even within the low M peak (M < 25 

2 2 
GeV ), there is a substantial decrease in B as M increases. 

Finally we show in Fig. 4(a) the average multiplicity < n 2> for the 
M 

2 
charged particles recoiling against the slow proton as a function of M , the 

mass squared'of the recoiling system. We also include data from the 102 

and 303 GeV Ie experiments. Th~se agree well with our results showing that 

there is no strong dependence on beam energy over the range considered. 

We also show in Fig. 4(a) a curve obtained by fitting the s dependence of the 

average charged particle multiplicity for real inelastic pp collisions (i. e. 

pp - n charged particles). The form used for the fit(9) was < n> ::: A + B In s 

2 r­
+ C / -,[5, and we have plotted < n M > ::: A + B In M + C /-jM2 with the same2 

values of the coefficients found in the fit (A ::: -4. 8, B ::: 2, C::: 10). Though 

our data lie systematically above this curve, they show a remarkably similar 

energy dependence. We have also examined other moments of the multiplicity 

2 
distributions for the recoil system as a function of M . Figs. 4(b)-(d) show 

2 - -� 2 
£2:;:� <n 2 (n 2 - 1» - <n 2> , <n 2> and f plotted versus M. Each2M M M M 

of these shows an energy dependence very much like that for the correspond­

ing� quantity for real pp collisions (shown by the curves in the diagrams). 

If the reaction pp - p + X proceeds by exchange of a single particle 

that excites the beam proton (as shown by the insert in Fig. 4(a», then 

. 2
studying the properties of the recoil system as a function of M is equivalt:.~nt 

to studying the interaction of the exchanged particle with a proton as a 
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. h"" " t (10) h h 1function of s. AS8Umlng t 18 p1cture 15 corrcc , t en t e agreen1l'nt )e-

tween our data and the real pp results shows that exchange particl('-prnton 

interactions are strikingly similar in character to real pp collisions. 

We are grateful to the NAL staff for assistance in obtaining the film 

and to measuring and scanning pe rsonnel at Argonne and SUNY at Stony 

Brook. We are indebted to H. Yuta for work on the two-prongs, and we 

acknowledge useful discussions with J. Dash and D. Snider. We also wish 

to thank T. Fields for many useful comments and suggestions. 
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Table 1 

Values of B in (GeV/c)-20btained by Fitting do- /dt to Ae 
Bt 

2 2 
M (GeV) 

2 
t(GeV/c) All Events 2-Prongs 4-Prongs 6-Prongs 8-Prongs 

< 5 O. 0 - 0.4 9. 1 ± 0.7 8. 7 ± O. 8 10. 2 ± 1. 5 -------­ -------­

5 - 10 0.0 - 0.4 8.0 ± 1. 1 -------­ 8.4 ± 1. 6 -------­ -------­

10 - 25 0.0 - 0.4 6. 1 ± 0.7 -------­ 6. 2 ± 1. 1 8.6 ± 1. 5 -------­

25 - 50 O. 02 - O. 4 5.8 ± O. 7 -------­ 5. 1 ± 1. 3 5.2 ± 1. 3 6.4 ± 1. 7 

50 - 100 O. 06 - O. 4 5.8 ± O. 6 -------­ 7.6±1.5 3. 5 ± 1. 1 4.8 t 1. 3 

-�
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Figure Captions 

2 
Fig. 1 The weighted distribution in mis sing mas s squared, M , for in­

elastic events of the type pp - slow P + X. The insert shows the 

2 2
low M region in 1 GeV bins. The dashed lines repres.ent a 

hand-drawn background used to estimate the number of events In 

the peak. The solid line on the insert shows background plus a 

2_ 
/1 M dependence for the tail of the peak. 

Weighted missing mass squared distributions for (a) inelastic 

two-prong, (b) four-prong, (c) six-prong, (d) eight-prong and 

(e)� greater than eight-prong events. Inserts 111 (a) and (b) show 

2 2 
the low M region in 1 GeV bins.� 

2� 
d (T�

Fig. 3 Invariant cross section s 2 versus� four-momenturn transfer 

dt dM 2· 2 2 
squared t for all events (a) for M < 5 GeV , (b) 5 < M < 10 

22222 
GeV (c) 10~ M < 25 GeV , (d) 25 < M < 50 GeV and (e) 

50 < M
2 < 100 GeV.

2 
The lines drawn show fits of the form 

Bt
Ae to the data (see Table 1). 

Fig. 4 Moments of the charged system X recoiling against the slow pro­

2 
ton in pp - slow P + X plotted versus M , the mas s� squared of 

2X. (a) < n 2 >, (b) f 2 :: < n 2 (n 2 - 1) > - <n 2>' (c)<n 2'> 
M . M M M 2 M 

and (d) f;. The curve in (a) shows <n> :: -4.8+21nM tl0/ 

~;M2, where the coefficients are taken fror'll a fit(9) of < n> 

versus eM energy for real pp interactions, pp - n charged 
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1 1 

particlps. The curves on (b)- (d) show the dependences on s of 

f
Z

' <: n >, and f~ for real pp collisions . 

-�
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