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A study éf:the rapidity gap distribution from p-H
interactions obtaiﬁed from an emulsion stack exposed to 400 GaV/c
proton beam at FNAL is reported. The data show that there is a
correlation in rapidity gaps such that in general a small gap
( < 0.1 ) occurs next to a small gap. This observation favours
2 two-charnel Chew-Pignotti-type multiperipheral model. Our
data also sufgests that, an individual cluster should consist

of more than tuo charged particles at our energy of 400 GeV.

{Te appear in Phys. Rev. D ).
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I. INTRODUCTION
The dy amics of multiparticle produbticn in high energy
ﬁadron-hadron interactions 1is now understood in terms of a multi-
peripheral model. Several versionsl of the model have been proposad
to_expiain the experimentai features. The rabidity gapz {r)
distribution'islqne‘of the most successfu1 methods of studying
T the me;hanism_bf.mu1tiparticle productibﬁij Thédfetical ana1yses3’“
have shown thatthe,rapidity gqp distributioh“may give insight
into the 3ynamics of interactibns : especxal]y uhe cluster formatica.
In the present work, we report our experimental data ’
on ra:1i1ty gap5 correlation from p-ﬂ interact»ons at the
highest available accelsétnr anarqy - 400 GeV, w1th a view
to find out as to which of the mu1t1per1phera1 model on cluster
formatioh 15 Supoorteﬂ by our data. In part1ru1ar. we concentrate
on two such models, one due to Sn1der (Hode]—I ) and the other
| dqgfto Quigg et al. (Model -II }. _These models differ in the
5 fo]]owingnkéspects. T
In Model-1, which is Dssentm'ﬂy a two-channe] gen=ralisation
of Chew—P1gnott16 model all the chﬂrqed part1c1es are assumed
to be produced singly from Regge exchanges. It uses as input
two different Regge traaectorles one near Jd = 0 5 and another
nzar J = «0,5, 1In {odel-II, particles are supposed to be nroduced

in clusters. They are emitted 1ndependent1y from a rmultiperipheral
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i f“?‘ fchain‘withffa?éﬁb;Six‘Tﬁe diagrams'corre550nding to Model-I and
I Madelélifare'shown in Figs; l(a).andwl(b)'reS§ective1y. The
I Model=I1 s also ascribed ta the 1ndependent emission of clustersz
7' . The Model=I'predicts that next to a small (large) rapidity gap
oLt le 7 probably a«small (Targe) gap occurs.  But the Mode]-II pred1cts
;c“fj"*ff §~w that the gaes.tend to- a}ternate. Thus ln the f1rst case one expécts J
15t shortbéhortwcr*7ang-long corre1at1ons 1n rap1dity oaps whereas
FEpmec’ t-¢-y.u1n'the secnndacase ‘short-Tong correiations are favoured Another

CEG striking dif?erence ‘between the two modols is the number of

U chargedparticlss emitted per c!uster. In Hode1-I, the average

-size of the cTuster is expected to be more than two whereas

_?%XTK*E £ ﬁodel-II predictS'the average size of cluster as two.

. . e —e P
N U Y o 4 .u.,nAv.._:--«_} f' 3

P
[ P A

I, EXPERIME*!TAL DETAILS Lo ,Yf_ﬁ.f_
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. The experinent was carr1ed out by expos1ng a stack of

e fi;ir oI _.m,ui

50 K5 nuclear pmu]sicn pe111c1es each of s1ze 16x10x0.06 cm3

oot o o bass
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to a f]ux or axlo4 part1c1es per cm2 from proton beam of

i -
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. momentum 400 GeV/c at F‘\IAL° A tota],of 4020”1nteract1ons was
~ co]]ected by area-scan method After applying the various
0, séTecfion cr1ter1a as det 11ed'1n our earlier paper? we are
'lefp w1;h 2383 interactions which'are attributed to the primary
_;interacfions wfth emu]éion nﬁclei? For the present.work we have
salacted a random Sdﬂ?]e uf p-N interactions hav1ng ng > Q}r

Thev p-N  like interactions were selectad hy app?yxng the followi- .




.well-known criteria.
1) - Event should have no black track associated with it,

i.e.’ r\!b = 0

~2) Event should eithcr have vo aray track ( N =0)or
at the most one grey track ( N =1) assoc1ated w1th it.
’4; In the latter €352, the grey track shou]d 11a on]y 1n the
~ forvard direction in the laboratary system.  i‘ |
3) “Event should have no Auger e1ect1on 6r reco1} ,

nucleus asscciated with it.

Yo finally obtain a sample of 168 p-N like
- interactions:-which contribute to a,total_pfA1937 shower tracks

for the prasent-analysis. .

III. RESULTS H‘D DISCUSSIONS

11. we now daf1ne a sma11 gap as ane

F0110w1ng Snider
having) r <01 and a large gap as one having 0.8 <r <10
Ihﬁ%ig. 2 we rave shown a two d1mnnsiona] plot of ri versus

1+1 for our dnta on a logarithmic scale. Tt shows crowding
of soints a1ong‘thb line r; =r Tigp o which 1ndice+es that
our‘data favour}shart-short and long-long correlations. A
befter grasp of the short-short corre1atidns may be had
' from the distribution of gaps next to a small gap. This

IR L AT V0 SO L pe >y ¥ T a7 O 4 .. [ AL Oy
Matribution shoun dn 7ia03, iaticates that in our data, nexd

to a sm11 can, a small oan cccures at least ten times more
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frequent]y.than a large gap.v We fhus cohc}ﬁde fhéﬁadﬁf datiAindeéd"r
favours short-shart type correlatipns, therehy'supporting Model .I.

It is be]ieved that the decay products of.a.cfuster afe
generally emitted close to-each other in rapidityd§pace} Therefore,
| in view of our obsnrvéd short-short type corfe1ations, we expect

at 1east twa shcrt gaps adaacent to each other. Theéé can only

b T

“'be generated by three c]osely em1tted chargedﬂpartlcles. Thus

T -~

“the snnxmum nuuber of charged part1c1es constxtut1ng 2 cluster

.- - B . ey e

in our data shou1d be throe. Th1s observat1on aga1n supports

Lol

the predxctxon of Hodel-l.
A mora straight forﬁardférediction of Model-I is the

rap1d1ty gap distribution of the form

'dn/df”= o0 9”

v 2 e R R

In Fig. 4 we have shown the rap1d1ty gap distribution for our

data at 400 PeV/c. The 5011d curve correspends to the

e F L . e~

'fxt ( X /NDF = 1.; I

.-I.,!v g

-~ dn/dr #To.le O s 208 B (2)

'.P. :

.Y:%he form‘of the~fitrseems to agreé Qe11 with{f%é prédiction
_of Model I, " |
Anothor feature of Modei-I is the eipectation of a dip
in the rapidity gan distribution at r=0.0. No such dip is -

senn in our oxperimantal data as is evident from Fig.4. When




.‘Nhen we div1da OLr data or first bin of 0. 0 - 0. 04 into two bins:

0.0 - 0. 02 and 0,02 -- 0.04 the number of gaps comes out to be

104 and 65 respectively. Thus the trend st111 remalns the same

" “and in no way a dip can be created around r.x 0.0, This result is b

Do 3
ccnsistent with the observation in 205 GeV/c bubble chamber data.

ia-.—n.,

:It may'huuever'bé mentioned ‘that a better reso]ution in angles

Y T

SRR be achiaved in’ nucTear emu1sion than in bubble chamber.
‘3”759 experiuental reso1ut1on in our data is at least 0.02 rapidity

p unit; The absence of dip may thus 1nd1cate that complex poles

nre-prcbabﬁy not 1mportant in non—d1ffract1ve cross-sbction as

=’suggested by Sn1der?

It may be concluded that the mu1t1per1phera1 model of

Snider3 seams to- describe the exper1ment11 features of rapidity

 gap distribution at 400 GeV/c. Also as suggested by Mode1-l.

; an 1nd1vidua1 cTuster shoqu cnns1st of more tha1 two charged

= ;particies at our energy - 400 GeV

CEe R
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In th1s way, an event with n
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Iy and the two part1c1es on each side’df %he rapldwty space ‘
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nt the rap1d1ty gap. :ﬁ, ie detefmined

o e -\.:*:

lab / 2), 1nstead

'i'?jegﬁfnéith1s 1s because 1t 15 not general]y p0551b1e to measure the

momenta of h]gh energy ( p >15 GeV/c }—shower part1c1es with
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remaxns pract1ca11y the same. .

: a des1red accunacy._ However, th1s 1s not a4sev}ous Timitation

‘ since the value of r calculated e1ther by u51ng n or y
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A.W, Chao and C. Quigg, Phys. Rev. D 9, 2016 (1974).
M.M.Agga?wa? et. al,, Nq;i. Phys. §3§1i s1 (1977).

1t may ba menti§néd'théf the number of events with
NI in.our data ( ref. 8 ) ané in the line-scan data

of Tsai-Chu et.-al. ( see,Tsai=Chu et. al, Nuovo

Ciments Lett. 20, 257 (1977)) are (23.6+0,5)% and

{ 26.3j1.5)%‘ﬁéépectively.‘ Thus we believe.that.there

is nc 20oreciable 1oss of events with Ny < 1 in our area-

scan A=2fa,

Events with ng < 1 do not contribute to our rapidity

gap distribution for reason mentioned in ref. 2.

‘D.R. Snider, University of I1Tinois Preprint

“Ho. ILL (TH) - 75-5. .
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Fige 1.

. units in r@pidity.“i_~;;;f':: P

. Typical diagram corresponding to (a). Model~I and
. (b) Model-II for. the production of 12 charged particles.

The horizontal scale may be assumed to be about 8

:vgap r1+1 li The dashed 11ne corresponds to ry = ry.q

| 'Rapiaity gap r aistributidﬁ at 400 GeV/C. The ”%
' so]1d curve re"resents a fit due to Eq.(Z) as

i1n the text. The dashed 11nes represent the contri-

L0
ve

i RSN yﬁ g?ér ‘} x .
Scatter ¢1ot of rapidxty gap r1 versus next

P g

Distribution of rapidity gap  ryy, next to a

small rapidity gap ry ( 5_0.1 o .
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butions of the two exponent1a1 terms individually.
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