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A study of	 the rapidity gap distribution from p-N 
...- ~ 

interactions obtained from an emulsion stack exposed to 400 GeV/c 

p~oton beam at FNAL is reported. The data show that there is a 

correlation in rapidity gaps sue;' that in general a small gap 

(.2-.0.1) occurs next to n small aap. This observation favours 

e two-channel C,el"1-fli gnotti-type mu1 tiperi pheral model. Our 

data also suggests that, an individual cluster should consist 

of more then t,JO charged particles at our energy of 400 GeV. 

(To ~ppe1r	 in Phys. ~ev. D ). 
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I. INTRODUCTION 

The dY1amics af mUlt1;Jarticle production in high energy 

hadron-hadron interactions is n()\'1 understood-In tenns ofa mul ti
l .. 

peripheral model. Several versions of the model have been prJposed 
.� .' 2 

to explain the experimental features. The rapidity g~p (r) 

distribution is ona of the most successful methods of studying 

- the mechanism~.f·mul tiparticle product'loru Theoretical analyses3~~ 

have shewn tha~ ~he r;apidity g~p distribution..rIJaY give insight 

into the. dynamic.s of iryteractions : especially the cluster formation. 

In the present work, we report our~xp~rimental data 

or. r~?idity gap5 correlation from p-N interactions at the 
e 

highest available accel~ator energy - 400 GeV, with a view 
•� .0; 

,"'-'� to find out as to which of the multiperiphzral model on cluster 

formation is supported by our da~1. In particular~ we concentrate 

on two such models, one due to Snider3 (Mode;-I )'~rid the other 

due~to Quigg et ale 4 (Model -II). These models differ 1n the 

following respects, .' 

In Model-I, wh1chis essentially a two-channel generalisation 

of Ch~N-Pignotti5 model, all the charged particles are assumed 

to be produced singly from Regge exchanges. It uses as input 

two different Regge trajectories. one near J = 0.5 and another 

near J ... -0.5. In :~odel-II, particles are supposed to be produced 

in clusters. They ~r2 emitted inde~endently from a multiperiphernl 
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;'chain 'wlth'<a':4;.)O.5: : The diagrams corresponding to ~1odel-1 and 

~- Model-II; are 'shown in Figs~ Hal and l(b) respectively. The 

Model':"IIis also ascribed to the tndependentemtss ton of clusters? 

" , TheModel~Y:'predictsthat nsxtto a smali (large) rapidity gap 
, . 

probably a-smal:l (large) gap occurs. ' But'the Model-II prsdtcts� 

,'-; r-:} ;-..;:that=tJle gariS.7tenrl-to -al t ernat e. Th'u's i'~<the"first case one expects� ..� , ."

-'~~[ ,::'f svr~Ft~~~';ldng';'longcorrelat1on;'1'~ rapirl'ity' g~ps whereas 

t: "'~ . '·'S.~ ':~':~~irt. the.~~· -shOrt-long';correi~lion~ ar:; favoured. Another 

t.:':, ~,!3;>striH~ dir~ere:tCe:be".;ween'the biO'.mode1 s' is the number of 
~ ;..;. . 

cMTge:t"particres emi tted per c1LIster. In Model-I, the average 

. size of the 'cluster is expected to be more tha~ two whereas 

'r:\.- '.:: r: ,. Hodel-iT predie-ts'- the average '51 ze of elus'tar as two. ,~ 

, 
:_~ .s: 'i:,~;j!~I.\ ~:~~~.~prr~}cE~!AILS ,." .,'; :J~,l? ',"''': '� 

. .. _, The experiment was' carried out by' expos,ing a stack of� 
.' -,;,'!~';~'irb ::,.:(",~;,~, e:2::ir,J'~' '-'" '" 3� 

','; 50 K5 nuclear emrlston pal Itc'les eachofsfze. 16x10xO.06 em� 
.. i� • C :".' ""':'.: ~, 

. - .' 4 2 ", ' , " 
toa flux of' :'5xlO partiel as per em , from proton beam of 

'~',f,- .~;...:·:?"'---~·I. __~_. ~-- ':" -- ,i-

momentum 400 GeV/c at FNAL. A total of 4020 interactions was
", ~.;:.~.r:" :_~ i -,".. -0" :.. •• ,",',,: ......., ~. .:' -"� 

collected by area-scan method. After applying the various 

s~~~ct~on cr~:t~~i';'as detailed in our earlier paper~ we are 

left with 2483 interactions which are attributed to the primary. . ;, " . . .' 

'interac~ions with emulsion nuclei~ For th~ present ,work we� huve 
10

sal ectcd a random sempl e of p-N Interact.tons having ns'::' 4. 

The p-M like trrtor-act.i ons \<lere selectec1 by )j)plying the f~ll·:;'j~' 



.well-knowncriteria.� 

·1) Event shou1d have no black track essoctated with it.� 

2) Event should either have ~o grey track'{'N~ = ~ ) or 

at the most one g~~ytrack ( Ng = 1 ),assoc!~7ed wit~ ft. 

In the latter c~se, the grey track should lie only 1n the 
•� ..~ < ~ .. 

forward direction in the laooOrator.Y'system. 

3) . Event should have no Auger el~ct;on or recoil 

nucleus associated wi'th it. 

\ 

III.� RESULTS N'D DISCUSSIONS . ' 

F01l0~ing Sniderll"we now define a S~l1 gap'as ona.� ~ '. . . " 

~av1ng r ~ 0'.1 and a 1arge gap as one having 0.8 ~ r ~ 1.0. 

In Fig. 2 Ne have shown a two dimensional' p'lot of ri versus 

ri+l for our data on a logarithmic scale•. -It shows crowding 

of points nlor.1 the line ri =ri+l ' which indicates that 

our data favour short-short 1nd long-long correlations. A 

better grnsp of the short-short correlations may be hJd 

from the distribution 8f gaps next to a small gap. This 

to i1 srnl'� ~;)O, n smal ] 0,~1) ('CCUr9S l\t least ten times more 
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..� 
frequently than a large gap. We thus conclude that our data indeed 

favours shorr-sbor-t type correlations, therebysupportfnq Model_I • 
. , . 

It is believed that the decay products of a cluster are 

generally emitted close to"each other in rapiClity~pace! Therefore, 

in., view of our obsarved short-short type correlations, we expect 

at least tWo soortgaps adjacent to each other•. These can only 
.l;> -: -,~.~.·(~f-1'C-?~'" -1~' '.,' . :~'>. :--":--"~'-' ···'r·oW1 :~.:~,:"';:;~. :,,~;-; 

. be genera~ by three closely ~mittedcharged particles. Thus 
.., ... t .;. "'_ "\ ' ! _'. ~~ ',~ 

the mininlD'mllDer of charged particles coristitutinga cluster 
, , 

.. ..' ,;' - . ,'. 

in our data shoulj be three, This observation again supports 

the prediction of Model-I. 

Amere straight forward prediction of Model-I is the 

rapidity gap distribution of the form : 

.. d' Id-"~ O? -o.s- + 2 4' a-3•1!'n r ._ e .• • (l). . 
... .... 

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

data at 400 GeVlc. The solid curve corresponds to'the 
,~:" ~ - .:'-~=, 2 .'.J. r-~:,. ...-. ;~-~;-' 

fit ( X INDF =1.2 ) : 
~ .> 7';·-."'· 

(2) 

'1,.. · .. , t. 

The fo~ of th2 fit seems to agree well with: the prediction� 

, of ~1odel -I.� 

Anoth2r fe3ture of Model-1 is the expectation of a dip 

tn the rapidity 93~ distri bution at r =0.0. No such dip is . 

S22n in our aXDf·~liG.:::ntal G1tiJ as is evident from Fig.4. When 
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~.........� 
'-"" . .", "" 

when we divide-our data of' first bin of 0.0 ~ 0.04 into two bins: 
• 1·

" , 

O~Q' .;' 0.02 and 0:02 --"0.. 04, the number of gaps comes out to be 

104 and 6S'respectively•. Thus the trend still remains the same 

. /. ,. "andin no way a dip can be created around r;~ 0.0. This result is ~ 
"".... " "" : 3 

consistent with the observatiQn in 205 GeV/c bubbla'~hamber data • 

. ~::: ':i~"'~y ~~be~'me~ti~ri~~ that a be~~er re~~lut10n in angles 

: "'"<'~n:J~ ~2ved;"in'nud~r 'anulsion than in bubble chamber~ 
. i 

;, ~ ." c- . ....::~ '~'~'-.'"-'-"'~' ,,, _. _-.. :;' . . _ . . -. .....,: -..; .. 
. The experfEotal resolution, in our data is at least 0.02 rapidity 

.~.: 7":"'"i

gap' unit. The abSe~c~ of dip may'thus indtcatethat complex poles� 

are -probably "riot 1mportant in non-diffractive ,cross-section as� 

.> sU9gestedby Snider.:� 
r� 

It may be'concluded that the multiperipheral model of 
" 3" .. ',' ." . 

Snider seams to·describe the. experimental features of rapidity 
.; .' _~? ". •• -~1 .~_ >. ;·~-·.r _ 

gap distribution at400'GeV/c. "" Also as suggested by Hodel-I, 
.' .. - . 

, ~:' . .;- " ".' ,: '. ~ i'. • '.,:' • 

an individual cluster should consist ofmore than two charged 

:particles atoI,Jr energy'·.l400Ge~. 
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