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ABSTRACT | ‘J

The Proportional Wire Hybrid System at the Fermilab 30-in.
bubble chamber is employed to isolate and ahalyze the inelastic
2-prong events in 7 p collisions at lﬁ7 GeV/c. These resdlt
mainly rrom difffact vé‘processes._ Beam and target excitation
éontribute with nearly equal cross sectlons. A double diffraétive
compenent is indicated with roughly the cfoss_section predicted,
on tihe basis of simple factovization argumeﬁts.' The nonQdiff
fractive component (~20%) exhibits béhavior characteristic of -
particle production in many-body finai states. No conclusive
evidénce_is seen for a double Pomeranchuk exchange ﬁrocess,‘.
although a small,cohtribution from this mechanism cannot be

ruled out.
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I. Introduction

An important result of high energy hadron collision ex—
periments has been the identification of some 15-20% of thekinelastic
eross section with quasifelastic scattefing: diffractive excitation
of the beam or target particle, This;prooess contrivutes mainiy
to fihallstates}of small charged-particle multiplicity, and has
been accesslible to study in bubble chamber experiments primarily
as a characteristic low-mass peak in the spectrum of missing mass
recolling frodba slow proton in the laboratory frame. - While such
processes are known to be the major contribution to inelastic
é—prong'events; investigation of these”eﬁennelsAieihampered;by:.,”
the difficulty of Separating elastic from inelastic'evehts; and
by the fact‘that much of the information for each event is
carried by neutral particies which go unobserved.

" In a recent'paperl we presentedvfirst resulﬁs_from’a study
"of 147 GeV/c 7p collisions in the Fermilab 30-in. bubble chamber
ufilizing external proportional ﬁi:e planes to obtain good |
momentum resoldtion for fast secondary tracks; ~With this
Proportlional Wire Hybrid System (PWHS) a clean separation of
elastlc and inelastic 2-prongs is obtained on annevent—by—evenf
besis. We find‘(Ref. 1) that quasi-elastic processes account
for some 70%.of the 2-prong inelastic‘eéents, and factorization
arguments may be used to infer that ~80% of the 2-prong inelastie
cross.section results from diffractive processes.

In this paper we pfesent a detailed analysls of the ineslastie
2fprong_events, studying the reactilons

fo > % o + neutrals (1)
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T p *% W + neutrals (2>
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In Sec. IT we discuss some features of the experiment, including

the separation of elastlc from inelastic events and the identifi- -

catlon of events corresponding'to Reactions 1 and 2. In Sec. III»

we show that even though there are unseen neutrals in each event,

a simple kinematic classification baéed on the measured varlables

of the charged tracks serves to isolate the contributionskfrom

specific prodﬁcfion mechanisms with very little émbiguity or

'backgrouh&. fTﬁis classificationiis substantiated by the data

 obtained from a forward vy-ray detector plaéed downstrean df the

hybrid spectfometer. The characteristic featurés of few;body,'

difffactive pfocesses are'readily discerned, as is a non—diffractive'_°

compoﬁent for which the béhavicr of the observed particles is

éimilar to that of pairs of particles produced 1n'high—mu1tiplicity

final states. | _ ' T , .'>', -
;;n Sec..IV wevanalyze'eéch'of these proéessés-in'tﬁrn and

calculate cross sections.. A summary and discussiom of the results

is glven in Sec. V.



- II. Experiment and Data Sample ' o

The Proportional Wire Hybrid System is diagrammed in Fig. 1.
Tt consists of the Fermilab 30-in., bubble chamber with an array
of proportional wire chambérs (PWC's) both upstream and dowhstreaml.
The trajectory of each 1ncident beam track is determined by the
upstream array, whilch includes'a Cerenkov counter for mass tagging.
The trajéctories of fast tracks exiting the downstream window of
thevbubble chamber are determined by chambérs D, E, F, and G.
Chamber H, which is preceded by 2.5 radiation lengths bf lead, is
_used to detect thévpresencebof fast forward y-rays.

The data for each event consists of the bubﬁle chamber images
on film (three views) plus the proportionai wire readout, which
1s stored sequentially for eaéh incident beam tfack in each‘spiil.
No triggering is required, and no event preselection'is performed;

Fach event is reconstructed from'the'film.heésurements
(obtgined with the aﬁtomatic measuring dévice PEPR) and the PWC
information, uslng é seqﬁenée of computer programs.eSpécially
writtén for tﬁé PVWHS. Essentially, all tracks with laboratory
momentum greater than 15 GeV/c traverse>the'downStream vwire
planes, and fof’these the additionezal magneticlpath length of the
bubble cﬁamber fringe field affords particle momentum measurements
with substantiaily gfeater precision thén can be obtained from
the bubble chamber alone. For fast secondary traéks originating
inside the bubble chamber, the error on momentumvis given by
Ap/p = £.0006 p, with p in unlts of GeV/c. With an incident
beam momentum of 150 GaV the ﬁomentum of sach outgoing track is
defermiﬁed,wiﬁh an accuracy or + 10% or better.

The data for the present experiment consists of 105,000
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pilctures obtained in an exposure of the PWHS to a beam of 147 GeV/e
7~ mesons. All of the interactions within a Specified‘fiducial
volume have been scenned, measured and reconstructed as deseribed
above, yielding a‘sample of 1640 2-prong events for analysis. A
second scan of the film has been performed for crossrsection ‘
detefminatiops, and.ail 2-prong events for which the initial

' reeonstruction wasAdeemed ﬁnsatisfactory have been remeasured ueing'
mennally operated measuring devices.

- Tvio teehniques were employed for separating elastievfrom
inelaetic'Z;prohgs. As described in Ref; 1, an accepate>identifi—
' cat*on of elastic events is obtained by usinv»the measured
momentum of the slow re001l proton to predict the trajectory of
the outgoing pion as 1t traverses the downstream nroporulonal ‘
ﬁire planes. The predicted and observed trajectories are uhen
A'eoméared, with a spatial resolution of .‘5 mm»and an angular e‘
resoiﬁtion of .1 mr in the downstreem counters; As e.seeond o
' technique, all 2~pronv events were fit to the four constraint
elastic hypobhesis using the k;nematic fitting program SQUAW
 The resulus of the two procedures were found to be in excellent
agreement: D“ffETEﬂCED at the few-percent leveW resulted from
border effects in the selection of cut-off criteria. For the
analysis which follows, in order to minimize background in the
inelastic sample, an event was assigned to the'elastic.chennel if
1t was called elastie by either technique. Approximately 5%
of ﬁhe two-prong events have a fast outgoing negative track»which
scattefs cither in the liquid hydrogen or 1in the exit window
of Ehe bubble chamber-and is lost to the dewnstream systen.: Fgr

these events the results of the SQUAW fit to the bubble chamber
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measuremeﬁts were accepted in making'the elastic/inelastic
assignment. | |
As a result of this séparatién,.1019 events were assigned

to the elastic channel leaving én inelastic sample of 621 events.
We eétimate that the background in the inelastic sample due to
mismassigned elastics is at most 20-30 events (<5%) with arsimilar
upper limit for the number of inelastic 6venﬁs wrongly assigned
to the elasfié channel. AThe elastic and ineléstic signals, as
seen in the spectra'of miésing mass fecoiling-frOm identified
protohs'and from the protbn-w" system, are shown in Figs. 2
and 3.

: Affer.corrécting for scanning losses, including a systematic.

bias against events with small momentum transfer to the proton,

‘we find the elastic cross section to be 3.24+.15 mb and the cross

section for inelastic 2-prongs to be 1.82%.10 mb. (A more complete

 d1scussion:of the cross section determination is given in Ref. 2.)

For the remainder of this paper we'devote'our attention to the

inelastic sample. The elastic channel is treated in Ref. 2.
In classifying the inelastic 2-prongs, we assume that all
, ) * '

positive tracks are either pions or protons . The ionization:

for each track was determined from PEPR measurements of the bubble

=

‘We find a cross section of 101+41 ub for K in the 2-prong
sample, If 1t 1s assumed that the number of charged kaons is
2qual to the nurmber of neutral kaons, then among those charged
tracks which are nelther protons nor leading 7 the K-meson

fraction 1is =2bcut 10%.



—6—

density in each of the thfeé measured vieWs;3.tﬁis informgtiOn_ -
allows idebtification of protons ﬁith lab momenta up %o 1.4 GeV/c.
Of the 621 events in the inslastic 2-prong sample, 331 have an
identified proton and are assigned to Reaction 1.  The 290
remaining events are assigned to Reaction 2. The distribution in
laboratory momenta for the identified proténs (not shpwn)'goes
répidly to zero at the cut-off momentum. Since thé efficiency

for proton identification is nearly flat up to'tnis cut;6ff, we
cbnclude that few, if any, protons are»present with higher . |
-momenta. ' | | “ o

| After}éorrecting for séanning losses and systematic‘
inefficiengies in proton identification, the éros§ sectiohé for
Reactions 1 and 2 are found to be 1.10%.09 mb and 0.72+.06 mb,

respectively., These results are summarized in Table 1. -



ITT. Classification of Events

Figure & displays a plot of x(n" ) vs. x(p) for Reaction 1,
where X denotes uhe scaled longitudinal momentum variable:
x = 2 JLcm,/- The_data points lie mainly in two bands, one
near x(p) = -1 (leading proton) and another near x(w ) = +1

dirfractive’

Hy

(leéding pion). Théese bands are suggestive o
exclitation oP Ehe beam and target, respectively, and appear to
be almost dev01d of background. The width of the leading pion
band is consistent with the momentum resolution for fast, beam-
like pions. |

For comparison; we shoﬁ in Fig. 5 similar‘plots for 4-
and 6—prong events in which a proton has been identified. Here
the x variable for the fastest 7~ in each event is plotted.
agalinst x of the préton. The leading particle bands are cleérly
evidehf in the ﬂ~prong events, but are esSentialiy absent in the
Ggprongs._ Both of these data sarnles ar° also ponulated by |
events chawacter*stic of high mult nlchty, non~diffractive flnal
states, wlth relatively fast protons in the 1aborauory frame
and pion momenta near zero in the c¢.m. frame. Some of thié
behavior is seen for the 2-prongs in Fig. 8, but here thé dif-
fractive processes clearly domiﬁate.

The data for Reaction 2 are shown in Fig. 6, where x(7")
is plotted vs. X(ﬁ+). Agzin the leading pion signal is clearly
distinguished, as is a concentration of events for which x{(a")
= x(w+) ~ 0, These came data are shown in Fig. 7, in which
x{77) 1s plotted against the invariant mass of the 7w combination.
The 1eadiﬁg pion events are seen fto bDe assocliated mainly with

large values of thils invariant mass, as expected for diffractive
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excltation of the target proton. The events for which the
obszrved plons appear near X = 0 have invariant masses which are
concentrated at near-threshold values.

Thus, desplte the fact that 1in each event one or more
neutral particles go unobcerved, the measured VaPi&bl“S for the
-Inelastic 2-prong events clearly exhibit a few specilal kinematic
cbnfigurations corresponding to local concentrations of eventS‘
iﬁ the many;dimehéibnal éhaée sbacé voluﬁe, To facilitate a
quantitative discussion, wé divide each of Reactions 1 énd >
into three kinematic reglons, indicated by ﬁhe daSﬁod lings. in B

Flg. 4,6, and 7:

‘Reaction 1 - | Region 1 ": x(p) £.-.95

x(p)”> -’.95, x(57) > 0.76
x(p) > ~.95, x(ﬂ ) £ 0. 76

el Region ii

v

‘Reglon iii

Reaction 2 - , Region i ICE Yy > 0.76
Region 11  : 0.18 < x(x7) ¢ 0:76
Region iii : x{r”) < 0.18

-

In each of these regions the behavior of‘the charged parﬁiclés

1s indicative of specific dynamical processes, with éppéréntly
very l1llttle overlanp cof the contributing production.mechanisms

from region to region. The behavicr of the fast nautral particles'
ls consistent with this obsérvation, as illustrated in Fig. 8.

Here, for a subsample of about 1/3 the data, Lhe Intensity of

eleciromagnetic c¢nergy impinzing on counter H (Fig. 1) 1is
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histogrammed for each of the 6 kinematic regions*.t'A high degree
of correlation between the neutral particle and charged particle
behavior is evldent. As expected, events with leading, beam-like
pions are not accompanied by fast y rays. -Events with a leading
proton are almost aiways accompanied by éome electromagnetic
energy incident on the lead converter, with the majority of these
events haying maximum intensity on our scale ofAO—'G. Events

with neither a leadlng pion nor a leading proton are divided'
between large and small intensitieé of forward electromagnetic
radiation. -

| ~In the following Section wz exploit this kinematic‘claSSifi-
'éation'as a means fér isolating particular mechanisms for particle
production; specifiéally:‘ diffractive excltation of the beanm |
or tafget, doﬁble-diffractive excitation,‘and non-diffractive

procéssés_characteristic of many-body final states.

*Counter H subtends an angle of il;5° at the bubble chamber center
and consists»of 156 wires in three PWC planes. We obtain a rough
measure of the 1Intensity of electromagnetic energy impinging on
the lead converter by counting the number of figed wires. We

haye afbitrarily set the intensity scale from 0 to 6, whers 0
indicates -no fired wircs and 6 indlcates more-than 100 fifed

wires.



IV. Analysis and Cross Sections

A. Projectile Excitation

i e £ A s i

The componeant of the inelastic 2~prong'sample which 1s due
to single diffractive excltation of the incident 7 can . only
appear in FEeaction 1. As noted above, this signél is-glearly
seen in Fig, 4, and the boundary for Region 1 Qn~this plot was
chosen to 1solate thils process. The cut-off at x(é)‘= -.95

‘corresponds to a squared missing mass recoiling from the proton

1
3

1t

of about 14 Gev® (Sea Fig‘ 2b).

a The distribution in moméntum téaﬁsfervfroﬁ_the férgeﬁ to
ﬁhe outgoing proton for these events is shown in Fig..Qa.' The
apparent dip in the forward direction can beAaccounted for by
scaﬁning losses'due td very short recoil protoh tracké. For
labggr values of t the fall-off is consistent with exponentiél.
The best-fit slope in the region .05 < |t] < .45 (GeV/c)? is
"10'._1 LT (GeV/c)“z.A' This is to be coinpar_ed with a slope of
8.3 + .5 oﬁtéined.far fhe elastic differentiai crossrsectionvr
in this éxperiment2qver a similar range of t;

Fig. 9b shows the invariant mass distribution ofltﬁe'proton
and 7~ for these eventé. Although the spectrum extends from
ﬁearnthreshold Up to the kinematic limit, the tendency is toward
large values of this invariant mass, with no evidence for low-mass
resonances., (Since we have here seliected protons of very limited
momanta, this mass spectrum largely reflects the @ momentum
dtstribusizsn.)

In Pig. 9c¢ 1s shown the distribution 1n the azimuthai

1

correration angle, ¢, defined by the relation:

cos @ = p.(p) * p,(7) >
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~

where Prp for each track is the unit vector along the difectidn
of the transverse momentum. A strong correlation is observed,
with the most probable configuration beiﬁg that in which the ‘

protén and n"»are‘aligned back-to-back 1n fhe transverse plahe.

All of these features are charactéristic of few—body;
dlffractive excitation processes, and we attribute all of the
events in Reacticn 1, Region 1 to diffractive excitation of the
incident m . We note that the band of events populating'this~
region in Fig. i exkibits some structure., The cohcentration of
points near x(r7) = 0, and'the broad enhancement between x =».6-
and .8.éré readily reproduced by very simple models;for the
production of a low-mass, diffractively excited object>which’
decays to a vector meson plus a picn (é.g.,’Az + p w°). ,Thé. 
small enhancement seen near x(77) = ,3 is not so readily understood,
and i§ currently the subject of ﬁore detailed invéstigation.

All of the events in.Reagtion 1, Reglion 1 contain leading
protons (X(p),= —l);i Some of these events also contain iéading
7, 1.e., the bénd of events in this reglon of Fig. 4 extends to
z{w") near +1. Althdugh this behavior is not inconsistent with
the mechgnism discussed aﬁove, it is worth scrutinizing these
"double~leading” (DL) events in terms df_the double-Pomefanéhuk
exchange (DPE) diagram illustrated in Fig. 9d. It has been
suggested that this process, where X° in Fig. 94 is mainly w°w5,
might contribute with a cross section of about 10 pb in this
energy rangeh, which would correspond tc A3 events in‘éur data
sample. If the Pomeranchuk singularity 1s a simble pole, we
expéct'the'DPE contributicon to be isoiropic in the azimuthal

angle ¢h’5. In Fig. 9¢ ths shaded events are those for which



x(77) >..76. The number of DL events 1s almost an order of
magnitude higher than predlcted for the DPE.case, and their
distributionvis hct'isotropié, but rather shows the same backward.f"
peaking which characterizes the whole of the band of events in
Region 1. We conclude that the bulk of the DL events in the
2-prong sample are not associated with the DPE mechanism, How~
ever the ¢ distribution of F*o. 9c¢ (éhaded) is not inconsistent
with a contribution from DDE as predicted in Ref.-S.

Our estiwau, for the cross section for diffractive excitatlon
of the pion projectlle, in the 2-prong‘sample, 1s‘obtained by
célqulating the cross section for eventé in Reaction i, Region.i,

correcting for small-t losses. The result is .65 + .06 mb

(see Table IT).

'B. Target Excitation : o ’ , -

Events which have a leading # meson, and are not associated
with'ﬁhe leadihg'proton signal, éppéér in Reglon ii of Reaction 1
(Fig. 1) and.Région i of Reactién 2 (Figs.'6,7). For these
events the distributiéns in momentum transfer from the incident
to the outvoivé 7 are shown in Fig. 10a, b. For both of
Reactions 1 and 2 these differential cross_seétions are well
described by an éxponential form, Within the limlts of statistilcal
accufacy the two exponential slopes aré identical, and consistent
with the elastic slope. The distributions in ¢, the azimuthal
correlation angle bhetween the transverse momentum vectors of the
observed 7~ and proton for Reactlon 1, and w  and w+ for
Rea :tlon 2, are showun in Fig, 10d,2. In both caées the high -

degine of z2orrelation expected for few-body diffractive exéitation
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‘processes 1s observed (c.f. Fig. 9c). We conclude that both
samples of events correspond to the production of diffractivély
exclted nucleon_states whose decay products may include a proton
{(Reaction 1) or a neutron (Reaction 2).  The summed momentum |
transrer distrilbution, including both leading pion>sampleé, is
shown in Fig. 10c. An excellent fit to an exponentlal de-~
pendence is obtained, ylelding a slope of 8.4 + 1.1 (GeV.é)‘2.
There 1s no evidence for non-diffractive background.

After correcting for scan iosses and wrongly identified
protons {as discussed in Sec;.II), we obtaln a cross sectidn of
12 % .OSImb for diffractive excitation of theAtargét protdn.

Of this, .31 % .03 mb 1is due to Reaction 1 (Region ii) and

.41 4+ ,0% mb corresponds to Reaction 2 (Region 1).

C. Double Diffractive Excitation

LI}

.Single diffractive excitation ofrthe beém or target, as
discussed in the preceding paragraphs; aCCpunts for vT5% of
the inelastic 2;prongs. The total diffractive contribution,
illustrated schemétically in Fig. 11, presumably includes double-
diffractive processes_(?ig. 1ld,e). If it is assumed that the
cross sections for diffractive excitation of ﬁhe beam or target
particle‘result from the same exchangs mechanism which medlates
elastic scattering (i.e., Pomeranchuk exchénge) and, further, that
the amplitudes may be factorized into a part which depends only
on the pion vertex and a part which depends only on the proton
vertex, then the expected cross sectioné for double-diffractive

excitation (DD) in the Z-prong events wmay be written as folluws:



Spp 7 T e . (3

Here Gr*p (cvox) are the cross sections for single excitation of
A . :

cTr

he beam (target). All of the cross sections in equatidn 3 are
for 2--prong evenﬁs*. Substituting the cross sectlions chtained
above for beamAand target éici ation we calculate QDD(z) =
Lihh i‘.OQO mb of which .OSM + .011 mb appears in Reaction 1
(events with a2 proton in the iinal state), and .03%& + .016 mb
in Reaction 2. o

We may now ask whether these results.are consistent with the
data; For these 2-prong e#ents the diffractively produced objects
have masses of the.order ofb3 GeV or less: 'Forbpion éxcitatioh
‘this can be seen directly form the width of the 1¢ading proton
band in Fig. 4. For the leading pions the resoiution_widﬁh
allo&é‘the poséibility of larger masses, but we expect, on the
basis of constrained fits.in the lU-prong events andlthe results

of p~p scattering at high energies6 that this 1s not the case.

*With our assumptions, Equafion 3 is strictly true for differentiai
cross‘sECtions at fixed t}_ The iﬁtegrated relation holds if the
elastic and single diffractive amplitudes have the same dependence
on mdﬁentum transfer. This is found to be the casé‘for the data

under consideration here (Sec. IV A,B).



For such low-mass excited objects, it may be verified that
at the energy of this experiment the cm momentum spectrum of the
% fragment of the beam is very hearly independent of whether
or not the target proton is excited in the collision. Then for
the double-diffractive events e expect the 7 spectrum to have
the éame shape as that obtserved in Region 1 of Fig. b, Thus,
by normalizing tﬁe observed w spectrum for leading proton e&ents

DD(2) we obtain a prediction,

in Reaction 1 to the cross section o
based on the factorization assumptions, for the distribution of
%~ from double-diffractive events. |
This prediction is shown as the broken hisﬁogram in Fig. 12.
HerevtheAsolid histogram 1s the distributioﬁ of m for Reaétions'
1 and 2 after removing the leading proton events. " The evehts_in
the peak with x § .76 correspond to target excitation (Fig. 11b,c)
and events with x <4.18 mostly resulf from non—diffractive-
.proéeéséé>(seé‘5ec. IV D, below). The'féctorization prediction
for the shape of this diséribution at inﬁermediate values o7 X
félis_below tﬁe’data by about a factor of two in ncrmglizaticn,
Whiie this 1is by no means a démonsﬁration that a dbuble
diffractive component ié present in the amount predictéd oh the
basls of factorization, if doés indicate that a substantial
fraction of the events in Region 111 of Reaction 1 and Reglon ii
of Reactlion 2 may reéult frém such a mechanism.r If we aré indeed
observing double diffractive excitation, there must be at
least five particles in the final state, with the 7 assoclated
with beam break-up, and the ﬂ+ or proton é fragment of the'target.
Por this case we expect little correlation.in ¢ between the two

observed particles., This expectation is borne out, as seen in

Fig. 13a, b.
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D. Non-Diffractive Processes ~ : - ’ ' P

A significant fraction of the w mesons produced in the 2-prcng
events occur in é-péak near‘x = 0 (Fig. 12).. These cannot all be
accounted for by diffractive processes, at least'insofar_as we
have employed the faétorizétion hypothesis to estimate the double
diffractive contribution. For Reaction 2 these events, which lie
in Region 1iii of Figs. 6 and 7. have both the ﬁ+'and T near
x = 0. The effective mass distribution forvthe twdbcharged
pions is confiﬁed to very small'values, rising sharply irom
threshold, and is peaked below the p mass (Fig. 13d). The
distribﬁtion in the azimuthal correlaiion angle showéva small
asyﬁmetry (Fig. 13c). This behavior ~% characteristic of centrally
produced pions in‘manyfbody:final states. The comparison curves
showﬁ;in Eig.-l3c, d are a smoothed représentétion of data : -
vobtaingd in this experiment for n+ﬂ-vpairs in 6;prong'evénts, and
cleaéii lend sﬁ?port to this observation.:

_ For both Reactions 1land 2 there are‘somé}eQenﬁs for which thé
7 moves backwafd‘iﬁ.the c.m. frame. These events are shown
shaded in the plots of Fig. 13. .Their behavior is not.qualitativeiy
different from other events with slow pions in the C.m. ffamé énd
we do noe attripute them to a significant éomponent of féw—body
charge‘éxchange processes,

We conclude that the non-diffractive events seen in the
2—prong sample involve many plons centrally produéed, very likely
by the same mechanisms which dominate pion production in finai
stateéio? higher charged particle multiplicity..'The cross'sectlons ;;

ror the non-d4iffractive compcnent 2ntered in Table II are simply

the Alfference between the total 2-prong inelastic eross sectilcns

and the diffractive cross sections obtained above,
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V. Summary and ConclusionsA

Using a Proportional Wire Hybrid Bubble Chamber System, we
have 1solated the inelastic 2-prong events in T p collisions at
147 GeV/c¢ incident momentuh. These events are found to be pre-
domlnantly the result of diffractive:(quési—elastic) processes, with
beam and target exeitation contributing in equél amounts, In-
formation from a downstream v-ray detector has been used .to
assist in interpreting the kinematic behavior of the charged
particles seen in the bubble chamber;’althoughra simple classifi-
cation scheme in terms of the configuration of the observed
charged particles serves to separate diffractive from non-dif=
'fractive events with vefy little ambiguity. A double diffractive
cdmpdnenf predicted by simplevfactorizatiOn arguments can bde
acccuhted for by the data. The total contfibutioﬁ to the inélastic_
Z;prongé from_diffractive processes amounts to 80%‘of the e&ents
(1.5 mb).

Cross.seqtidns are sﬁmmariied in Téblés I and II. The
: non~diffractive-component, thouéh small, is clearly seen. For
these events the observed particles exhlbit behavior similar to
that of pairs of particles centrally producediin many-body final
states. We find no significant evidence for few-body charge
exchahge processes,

NQ compelling evidence 1is found for double Pomeranchuk
exchange in the 2-prong data. The events 1in which a final-state
nion and proton are both observed to be highly péripheral can he
éccqunted for 1n terms of a single diffracti}e mechanism,band
do not exhibit the azimuthal decoupling expected for the double

exchange process in which the Pomeranchuk singularity 1s a
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simpie pole. Nonstheless the presence of such a component, in

the small amount predicted in Ref. 4 cannot be ruled out.

e thank the data reduction personnel of the participating
institutions and the staff of the MIT PEPR system for makihg this
work possible, and we acknowledge the excellent efforts of-the,
Fefhilab Neutrino‘Section and’30~1nch'bubble chamber staffs in

-obtalning this exposure.
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Figure Captions

1.

Schematic diagfam-of the 30-in. PWC Hybrid'Bubble Chamber
System, showingz the location of counters upstream and
downstream of the bubble chamber.' The trajectories qf

particles in a typical 2-prong event are superimposed on

_the diagram.

. The disiridution of invariant mass squared recoiling from

ic events. (b) Inslastic events

ct

the proton. (a) Elas

L

assigned to Reactiocon 1.

f

The distribution of invariant mass sguared recoiling from

the proton and w~. (a) Elastic events. (b) Inelastic

events assigned to Reaction 1.

x(w" ) vs. x(pfoton) for Reaction 1. The dashed lines

_delineate the kinematic regions defined in the text.

x(W;) vs. x(proton) for (a) i-prong events and (b) 6-prong

events. Protons are identified by ionization. ‘There is

4

6ne entry per évént, with w; being the n ggtiVe track wifh
the largest value of center-of-mass lbngitudinal momentum

in each event.

x(17) vs. x(w*) for Reaction 2. The dashed lines delineate
ﬁhe kinemaéic regions defined in-tﬁe_téxt.

x(w ) vs. M(w+ﬁ“) for Reaction 2. The dashed lines délineate
the kinematic regions defined in the text.

The intenslty ol forward electromagnetic radiation, as
detected by the ¥ chamber, for a subsample of events 1n each
of'the 6 kinematlc regions discussad in the text, The

horizontal scale 1is arbltrary, with zero representing no

counts in chamber H, and 6 representing the ecase where mcre
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than 1/3 of the wires are fired in chamber H. (a),.(b),
(e): Reaetion 1, Regions 1, ii, 1ii. (d), (e), (f):
Reaction 2, Regilons 1, 1i, iii.

For the reaction T p > % p + neutrals; events with x(p) < --.85:

{a) The distribution in momentum transfer from the initial

‘to final proton. The solid line is the result of a fit to

“the form do/dt = a exp(bt). (b) The proton-u~ effective mass

distribution. .(c¢) The distribution in azimuth angle between

the proton and 7 momentum vectors. The shaded area 1s the

result for events with x(p) < -.95 and #(w—)-> .76.

(d) Diagram illustrating double Pomeranchuk exchange.

(a) The distribution in momentum transfer from initial to

- final ﬂ"(dg/dtﬂw) for the reactionij“p +Aw—p + néutrals; 
events with x(proton) > -.95 and x(v”) > .76. The dashed
;1inevié the eléstic differential cross section normalized

| to the plotted data.  (b) dg/dt__ for the reaction T p * N
+ neutrals; events with x(x7) > .76. The dashed'line'is:_

“the elastic differential cross section normalized to the

ploﬁted data. (c) The sum of the distributions in (a) gng,
(b). The solld line is the result of a Fit to the form
dg/dt = a'exp(bt); (a) The distribution in azimuth angiek
between the proton and w momentum vectors for the reaction
T p »wp o+ neutréls; events with x(protqn)‘> -.95,

x{(w7)y > .76. (e) Azimuth angle distribution for the
reaction ¥ p = ot o+ neutrals; events with x(n”) > .76.
Diagrams illustrating diffractive'procésses contribugingbto
the inelastlc 2-prong sample.

The distribution ia x(% ) for reactions 1 and 2, with the
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contribution ffom projectile excitation (Reaction 1, Region 1)
removed. The broken histogran is the predigtion, based on the
factorization hypothesis, of the doubie-diffractive component
(see text). The dashed lines at'x = .18, x = .76, indicate
boundaries of the kinematic regions defined in the téxt;

(a) The distribution in azimuth angle between the proton and

71" momentum vectors for Reaction 1, Region iii. ‘the shaded

area is the contribution from events with x{(n~) < 0. (b) Azi-~

muth angle distribution for Reaction 2, Region iil. (c¢) Azimuth

angle distribution for Reaction 2, Region iii. The shaded

area 1s the contributibn from events with x(ﬂ~) < Of ‘The

smooth curve ié the same distribution for'ﬂ+ﬂf”pair$ in events o
with 6 charged prongs (x (v ) < .18), normalized to the number
‘of entries in.the histog:am,‘ (d) The wia~ efféctive mnass
distributién for Reaétion 2, Region iii. | Thelsmooth.curve,

normalized to the 2-prong data, is the same distribution

for w u” pairs in S-prong events (x(w") < .18).



Table I

- Two~Prong Cross Sections

Reactibn No. Events'E Cross Section (mb)
T p * 2-prongs 1640 . 5.06+.15
7 p > % p{elastic) 1019 - 3.24+.15
T D> 7 p + neﬁtrals 331 1.10+.09
™p * ﬁ"w+ + neutrals 290 0.72+.06
Total 2-pr inélastiC‘ 621 | ©1.82+.10

3 . v _
- Listed here are the actual numbers of events assigned to each
'Acategory in the 2-prong data sample. The.corrgctions applied to

obtain cross sections are discussed in the text.



" Table IT

Cross Sections.(in millibarns) for Two-Prong Inelastic Producbion

Mechanisms

147 GeV/c © p Collisions

Iy

- . . . - + ’ :
7 pineutrals @ 7 +neutrals Totals

Pion diffractive excitation: .65£.06

Proton diffractive excitation:  .31+.03
Double diffractive: e .05+.01
Non-diffractive: = - .09+.02

# 3 : : A S
Calculated from the single-diffractive and elastic cross

Ji1a. 0l

.09+,02

.22+.0U

sections using the factorization hypothesis (see text).

.65%.06
.72%.05
.14+ ,02
314,05
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