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ABSTRAUZ

An effective method of analyzing the expsriwmental jets
with the ain of discovering the clusterization phenowenon
of particles producéd in high enerzy inelastic processes
‘f propoead..Tha methud exploits the saet of all posslble
rapldity intervals 1,e. rapidity diffecances of two partic-~
Lov Yippey = Yo with some K particles having rapidities
in beiween {usual gap correspunde to =0 ). It provides the
iuformation which 18 in principle ae ocomplate as that ob-
tailned frow the correlation functions, Xt is vimple tu app-
lication snd phyeiocally olear..

The method is applied to various models und the rapi-
dity intervel distiributions thue obtained are compared $0
experisental dats for /P 40 GeV and pp 70 and BOO GV
collisions. The imporsant reile of olusterization of secon-
dary particles folio-n from this cﬁmﬁazlaoﬂ.lt is preditcted
that the two-buwp strueture should develop for a > & mnd
large mulsiplicitien l# pt ~interactions at 200 GeV 1t
iwo daryonic cluaters ure prodused, V

r
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1. INTRODUCTION - v , e gt
The partiecles produced in hikh eneygy inelastie colli-

sions are meemingly created in'a twoestep process - with . : sl
sn intermediate stage of the production of the correlated ; ~
groups-clusters, However, up to now the problem of the ‘ th

¢lusters' nature can not be coneidered as solved. (W§ N
Unlike the widely spresd opinion that clusters could | L2
: be rdduced to the ge. of prominent resonances we believe - - o
j that bemides® such ftriv_al two-or {hree-particle correlations -
there exist many-~particle correlations which can be undctatood t
a8 a result of the production of fireball-type olueters (mwee, : 8
. for sxample, [}.2] e A . ' ; L

é ~ To discriminate between these two cades we proposs the f .
i method of enalyzing jets by the investigation of all avail- | 1
é eable di-tributiona of rapidity intervale, ‘ E 1

The Fapidity intervel "r,  1s defined ds a differénce

. of the rapidities of two particles in eh ri-charged-particle
evert x) with eome K particles falling between .hese two
particles' rapidities i.e.

| “r, = Yivker ~ Y (0xken-2) )

where 1 € { £ n<-kei. The dietributione of euch invervals

are obtained by summing up, firet ell pomseible choices of

%) ALl particles are ordered according to the increassing { . f {;
repidity i.e. %i,pg;. : '
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paira of particles (the wum uves i) in aaéh evont with a
given n and then all eventis tog,ether.

These distributions appear to be vary sousitive to the
alusterizattion of particles and could de cowpared with
theoretical ones obtained within dirfferent assusmptions about
the clusters. _

) ¥ost of the previously propo»sed_muthods ot the clusta~
rizativn snalysis need careful treaiment end claseification
of qd individuai svent or ausewme the prevailing role of &
definite mechanism of purticle production [ 2[. ™e two-par-
ticle correlation (see, Por example, [3]) and rupididy
gap [4] methods, us well as partly the a’luctuation analysis
tS] do not aur!ar these ahortcouinss.

Our usthod is more gensral and grovidas more infoywetien
than the two-particle corellation or rupidity gap x) mthul‘.'
To exploit 1t one should know the rapiditieﬁ of the partic-
deoo ﬁroducad. .

. The rapidity intervel dietributions bave been obtwined
for different theorsvical models which, in particular, take
into ascount posaible rep.dity overleppiag of clustserss

‘We heve applisd this wethod tv % P-bventa at 40 dev
and to pp—-oventl st 70 and ‘200 Gov and sompared the skperi-

x) The rapidity gap is derYined am an oapiy 1nt¢ival
(1.e. k=0 in formuls (1)), Thus eur method g'onéunn-
L ! the rapidity sep metnoa. '
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wental and theoretical dietribuiions, We have coms to the
ognolugion that the non-r?sonant clustere should be taken
into aceount %o get the agreemont wifh experitnent. To chesck
the extreme ocluster wmodel it is proposed to get the exp;ti-
mental distribution of intervals 1?[; oy fﬂf} ‘at 200 deV¥,
‘_w. claim thet 1t Should'poeaéss two bumps if twe heavy
ﬂff-elustsxs are_ prodgoed at that snerzy.
Some other (Sui less diafinetive) features of cluster
production models are alsc seen. i
Pirat ,we derive fhe_unalytic cxpreasione for tﬁc~t¢pt~
dity intervel distributione in two simplified models of ine
‘dependentfparticle'production and of indep@ndant cluater
production., Then we get th& similar distributions in two ver~
uién: 6f the multiperiphersl model both of whioh were pre <
viousl: guocesfully epplied to the demctiption of other
ixpetimmntal data, And, finelly, by comparing the wholn
theorsticel information with the oxpetimsntel résulte we come
to the concluaions atated abave. _
Thé independent particle pto&uotian model is the'pinplesf
alzhéuéh unrealistic one [6-7] .Howsver for completeness

T we au.n briefly discuss its It is sesumed that esch particle
in an n-oharge&—partuh event 1s preduced mdepandently. tha

v



rapidities being randowly distributed withia ths physical

‘ rapidity region () s ‘3 ‘:\jra m%% (B and M beiag the lat

‘)

.

shergy eud mass of 8 c¢olliding particle) with 4 voastant
density x), |

' In terms ot X‘alativ.‘rapidities‘ A = ‘3'//}’ ihe problew
is reduced to the distribution of intervals betweem n
pointe appearing at iandom insids the unit interval, As ia
known from the probability theory (see, for example,/8])
the yimple geowetrical hrgumentu show that the prebability
for any two particles to lie at a diastance A within the
unit interval is proportional ta 1- 4 ;Tho procadbility for

Kk particles to lie within A and for n-k=2 particles

. : by n-k-g
to lie outuide it 18 ogual to A \‘I—A) sCousequently,one

uets {6] the polynowial distribution of iniarvels A
R ) X , '
Juri" o K, n-x-{ 7

o n Cﬂ_, FNETRYN 2

3
where 11 C‘_’is the combinstorical coefficient.’

The popitions of the muxiwa of tha distreibutlons grow

linearly with k and decrease like on inverge puwer of 2y 3

.k 3
Do = 7T 37

X) The repidity plateau is predicted by the sultipariphersl

theory and roughly ugrees with wxperiment (xas, for miempls.

(2},
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We ohall show below (see ¢h.5) thet the independent
particle production wodel results in $0o large repidity
tntervals as compared to the ixpei!ndntulronc-.

The wain shortoosing of the ‘ndependent ‘mua,pfo- "
ductich model, the large fapidit, intervels, could be avar-
obno 3if the particles are produced via eorrelate& groups-
clusters. Accordingly, the problcu'ti reduced to “he dist-
titution of the repidity fatervale if the 'gonbo"iro
thrown at random over the unit intervel, Each comb reépre~
nents the cluster and the tn_ﬂi of a oomb coiunpond' to
particles in the cluster. The sonbs may overlep. The
rapidity intervale are the intervale bct‘w'em the testh .

orfered acoording to the flpidity.
To avold complications due to the Iinite width of

8 comb we consider the infinife interval of rapidities

( Y-+°°) in which clusters aie randomly distributed with

s constant a;mity. Let dach e’lia-f;er ‘decay into g particles
énd the puwber of cluﬁteréifhlioi the Polsson law %, fhus
the model can be considered as & ai-ﬁiirio‘d varsioa of the
sultiperipheral cluster theory &t sn infinite emergy.

N

x) . .
. It Se eswy to gensralize the situatien,

o B RN ¢

-

1.
by
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Now, the prabadility for a1l m p-'gncmv of cn. sluster
A
.centered al if to cmpo tm tnderval { 14 kd J is |1van

7 w’*(ﬁ“fDl*a&)“%) B

dcn .’D(\a |2 ) 18 the duq distribuiion »f pavtieles gene-
ted tltnn tbu clntun hr m mtupe hm it san by
witton as’

D(g 9) r—-;-expl (8 ‘8%8] -9

witn § xo.wo.s.
 ¥he mbnuuy for bbth m mnox.- %0 n. ot the
adges nr tho numl Ua( sy ") ie given by the écnuuu
of ’(4) - -2-,%{-.. . s onoR diftu‘mtuﬁoa pmdncme ‘the fhc-
tor D(‘J‘J {)snd reducing w by 1.
. The mbchnity tor k puuout to ub wtthin that ine
~ terval could be obtnnd w replecing -1 in front of inte-
gnl in (4) by the constant ol , differentuting wtth rom-
peet to ol &k timie and nplueina 1t again by ~1i.
Each tiwe the rnetor ‘ '.D(t; 5)4(? devoriving the
muanm tor & particle fo 11e within the intervel
ta ) ‘appears in front or {4) wnd the power in forwuls
{3 1. reduced and eon“,onu to the number of the remdining
particles. The whole noeumn could be desctibed by‘ \ne

Q

S b e b et erori s o



generating funétion x)

. o 'S
' a [ A 6)
ari e otfory ) 1]
G(a,r) = "-"P{?L“‘jk‘ 4) Dly-4)Ma) - 1 }
where we have ‘sunmed up over all clmieu and replaced 43'
and g by © end r becauu the whole expresaion dapendu
on the difference of lé ‘J I only. e\

The inclusive distribution of rapidity intervale /;
ig given by the formula 19}3 \

uf(f' ) Jk | ‘ """'zG( ) |
Jd* J:moe e S ¢ 3
v e~ 1 B
From formulas (5)=(7) 1t is emay to ghow that the rnpidifty
gaps (k:0) are distrivited [9] uocording to '
' .y o : " (8)
W) ~ expl-pmr]
at swsll [~ , and scoording to [4] :
w; () ~ exp [- prl (9}
st large values of {4 -~ '
The intervals: containing k partioles possess the diet-
fibution with & waximws whose position lineerly incresses
with &k and decredsss with n but §t 1s notiowably shifted

£) Therefore, this method is as omliio es the correlation

function method where the wuole sst of -ny-'-p!ucié torre- '

lations 18 used.
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t0 swalley valuas of [~ a3 compared to the independent pay~
tiole produotion model. )

The models oonpidered above provids an analyticel guids
40 the olusteér probler but suffer many shoxrtoomings. The
uost importsnt ones are ths incorrect treatmend of conserva«

‘tion laws, the ad hoc chosen distributions of clusters and

of partiales within olusters, the improper mulsiplicity
dietridbution ete. It was shown in [10] that the numerical ve-
lues of P end 117 are strongly ochanged if one takes into
agoount the multipliofity distribution properlys. Thas is why
one cannot have any confidence in the numerical values thus
obtained lpd their proper interpretation aven though the ge-
neral trends are demonstreateéd vlearly and slegsntly.

4. Multiperiphoral models

Next we oonsider $wo veraions of the mulsiperiphersl
nodel which were previously applied to Amum-in aintr
tions and other experimental results and dppesrdd to be
miccessful, ' :

They were descyibed in detail sisewhafe (see the first
version in [2,11], the second version in [12-15] ) and here
we just review them briefly, Besides the resonances ciunters
oonld be prdduced peripherslly in both o6f them but the asscond

vsrsion emphawizes this poseibility stronger then the firet onc.

The cluster's desmny is ddsoribed by statistiocal laws(in
partiounlar, it ie idotropioy see £3)N .
The first version esiphnsizes the produciion ef the
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nonperipheral cluster decaying according to ine hydrodyna.ie
wicel theory. The productiion of clusters in both the vere
5 eions ie necearary to get the sgreement with experimental

-uitipliéity dietrivutione. The resonences considéred alone

é ' : give rise to extremely narrow multiplicity distribution end 63. ! {(n}
low average multiplicity. : - . o
The cowmputer calckletisns provide the samples o1 "theo- -
j ) o reticel aventsﬁ fo: boih ithe versions equivalent to {or even
: . more complate thern)th: experivenial ssmplee of jets in
bubble chtmpeze. The exclugive 1nrarmation'ebout eny event
{up to'lG-pkong events) ise aveileble and ashy distribution
can be caiculsted and printed by the computer. The muliipe-

ripheral dypamice end the phase space volume are correctly

taken into eccount, Thus .0 ehortcomings of the previous
models appear but an aenalytical treatment is iwposeible.
| ' . S. Thpory and experimezt
| %o get the guaiitaiiVe gUide we shall compare firat
thelréiulta of analytical woflels witb the ezperimental
" dietributione of the rapidity gaps' length at the highest
available enexgy. It was shown in [4} that the tail of the
dietribution of empty repidity intervels (k= 0) suggests
th; value of the parameter P cloge to 1 (see formula (3)).
Using this value of p one ©an esiimate [9] the perameter m 4
by ooqparing the ex;grimental curves at emall r (eee (4] ) (;} ’ 'lmg
with formula (B). One gete the values for the number of the

charged particlies emitted in average par cluster equal to
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2,3, R.& and 3,0 at the energy 102, 200 aud AOD Go¥V wen-
pectively. As is shown in [1Q],»thoso sstimates sould be
4 osonsidered Justi av the lowest limits of satual values if the
| multiplioity dintributi#n ie properly taken into acgount,
7™y Therelore io conaluds that sven thﬂ lowest linmits indicate
é;) shat the egresment with experiment could be restored only

: e
o

17 the proper olusters-firaballa are exeated. The slight
inerease of the quotsd numbsra with snergy could correspond
$0 the elight incrsess of the average maes of oluaters in

that ohorzg region.
Howsver the rapidity gaps appear to be not the most

sensitive indication of the clnntoriz;tibh phenomsnon, YThe
distributione of intervals with some paxticles inside them
(kitn'atrongly contradict the independent particls produc-
tion hypothesis [7 |. We dewonetrate this statement in
P1ge1, where the axperimental dietributions of 8£;k
strongly diffonfrron the curves caloulated sccording to f$r~
- mala (2). The inglnaive distributions in independent cluster
production model var§ culculated wilh the values of parame-
texs D »1and m = 2, Thay may be comparsd with semiinclue
aive duta of Pig.? bacsuee n=8 ia clome o the avaraga.chat~
ged particles muliipliclty at ROC Ge¥, The agreenent ip in
general wuch berter hers than for the 1nﬂnpendent‘pattic\a
! és) wodsl. The shift of uaxiya to the left is clearly §umnnatran
ted, Howsvay we would like to strees onca more that the

aetual veluss of parankters F and m conla atil) differ frna
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the adopted ones, We are using theae models just to show
the mein qualitative features of the role of clusters, Ne-
vertheless we bslieve that the necessity of aiusterization
ie seen ealready from Pig.t.

Next we turn te the multiperipheral models. Both the
virsions wers extensively oompdred Ll1-15] with treditione}
distributions for. w'p =procesges at 40 GeV and for pp-in-
teractions 8t 70 snd 200 GeV and showed no strong diecre-
pency in any of them. More than twenty 1n¢lu9§vg and sgm1~
inclusive charaotérietics were compared with experimental
data at each snergy. No clear dietfinction betwesn the
distributions given by the two modelé wae visible until the
repidity intervel distributions were used [15] « According
to thirs criteriuy the second version (with clusters) is pre-
ferable at 40 and 70 GeV as is illustrated in Pige. 2 and 3.

The mimilar distributions were obtained for pp-events
at 200 GeV for the second vereion (eee Fig. 4). The maxime
of the theoretical distribuiions appeared to Wé ghifted
alightly to the right.This shows that the clusterization

is etill insufficient even for the second verasion. Tﬁo

moat intefesting feature is the appearencs of shoulders
An theoretical curvee at that energy. These shoulders

* are due to the pracess of production of twu rather heavy

clugtere with the baryon number B=1 which move rather {

fast and therefere cen be peparsted, This sffect is very
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sinilar to $he awiginal prnmll of fivewall pntuotun{q.
, AMowsver, thers is a remarksbla diffsrsace. The Sosmis Fey
i ,puoph olaim [1]+hat the boson-type fireballs are sreated
: ‘but the 90111‘1»_3 baryons age nat strongly oxo;ttol.l forming
| Just the rescmance steiss, In the developed sehems {meecnd

f .} ' » \ version) two baryaenio olusteys can bs produced. Fhis procass
38 just of « Fova-type [16], It should result in two-bump
structure in sene dutrihgtionc. We have aalysed the theo=
retioal distyidutions for differeat mechenismus of partisle
production (iwo clusters; ons oluster sad resananses oté)'g
AS prewent we believs that the most effeetive way to sopa~
rate the Swo-cluster process at 200 Ge¥ is te ohooss She
diﬂnbuum I‘,, . for the avents with protons huvm
jor} 0.4 ’) !hu should possens the pronounud two-bunpe’
nmme s 1t 1- shown in Pilg.% if the Iou-vt:” Prooess
sxinis, ‘ : _ 4
In general, the similar struoture should by neviceable
for k sloss to n/2 tor any rn eloms o ox lupger than the
averags miltiplieity, |
At ;o and 70 Ge¥ $his an!t!uotn’t is lﬂ.ll \n“nupod
dus 30 the emall Yelative veloofties of llmtorh
. %he other way to separats clusters &t 200 Gs¥ As Yo
chooss the sybmis with negative pions baviug &)« 0¥, 23
I larger values of Ot momt pions are dus S0 She FeSomance dcm
) Mus pions with fje0,d -imu ba voxvelatsd with profons with
l|< 0.4,

2} yhis 1s necensasy to diminieh ¥he zoks of the presess
with resonances,
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¢. gopolusigng .
1)'$he rapidity interval wethod (RIM):esn be used: for
the analyses of the clusterixation phenowenon,.
2) The simpleat models indicate~qualftat1v.1, that the:
clusters heavier than resonances should be produced,
3) Thie method provides the beat test to dis;riminate (ﬂ%
the nodele with diffcront perpentage of clusters 1: all

- the toat of thetir prediotions slmost coinoide.

4) The bump-1ilre structure should develop in some
distributions of rapidity intervels if nucleonic olusters
are cruaied. .

¥e are grateful to B.L.Feinberg for valuable vosments,
and to I.,A.Ivancvekejr for the permission to use Fig.2,

(>



Pigwirs captions

Fig. t. The somparison of expérimantal rapidity intarvals

" i S~prong pp-events at 200 8¢V (psints) with the

ihtupendent psrticle production model (eurves I
drawin avcording te formula (22)) .and with the
thuiﬁltvﬁ*diatrihution in the i{ndependent olﬁltcr”
model (owives II drawn mccording to formmla €7)

et p =, ma § = 0.85) suggects the impor-
tant rols of clustering of produced particles.

Tis. 2. The comparison of experikental rapidity inteivale

rig. 3.

rig. 4.

- 4ing %0 the seoond (oluster) version vf multiperiphers~

(pointe) in SYp~events mt 40 OV with two versione
(I end II) ‘of the multiperiplerel model favours the
cluster version (II). ‘ . .‘

The comparison of experimoptgl tapiqit: intervals

in pp-avéntl at 70 GeV with two versions of the v
mistiperipherel model favours the cluster version (131)

alse. .
Bxperimental distributions (points) of rapiaity

intervels in pp-events at 200 GeV are shifted to
the left as vompered to the theory predictions accord-

14ty  thet suggests sowe shortags of ciusters in-

this version. The "shoulders" of thaerstioul distri-
bitione sre pronovunced.

T
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Pige 9. oo theareticsl distzibations of vaplALIy intervals
“ry  for twe-clumter graghs in the nessnd

_' 2
(eluster) version of ihs mlsipariphoral wedeld sanand

,m-imnp -tmctud”. _
The similar but less pronsuneed substrueture

48 seen for esher grepha (w), 4s).
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