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Abstract 

The quantum statistical concepts ofcoberence andchaos used to describe fluctuations 
in. multiparticleproduction proces8eaareexhibit,ed in a. genera1i~~d version of the 
lnteraeting Gluon Model. The. two components in the mult,iplicity distributions found 
prvious]yare derived in this, approach. We present' the first Monte Carlo generatot:. 
with' coherence built in. 
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","Cud" ..... nita.hle mocUficaUOa of the &I..,.uc duler: UtOCW ~ some time 
-sotS). liOtJoeaHo iu ,..blaace tb ,_ ~·Wtli_ metJaod {6} or equiv;aleut 

~,.,.u.A .. ~H.dtoulciA~wit.ll&1Qou ~Ue,roIeofpaotQaa. ,The 

pia.. of'fiehatl, iBteractlac cJ...'is ., amsm.t'wi ... _ ,poIIible. lat.dDliaUy 

'''c;i1loOtic'' .pioperUel or&h. Jlo••AbeJi~,pap"'fqu,d;'-dr (1]•. Jt ••eata a. more 

npl4diilipatioD of,fa. kiDetic eaet'Q of tile tGUid.hlc·&l'OOllie·dodi aac1 ita redi8tributioq

:aIDODC.c.ou..c.u... exdtaticu on a .Cimc!' acale mada ·Ihoner tl=.tW proYid.ed byesUma

tiou'bUed_perta.r~'t'e QCD. 


We woUl,liketo de&llOUtn.te·.·JHn tha .: ftiu.bly aieIl4ed ,version of the ICM pro
. ,'Videa atdiclaad Datval,'bulsfor the ~poa..i modelol Ulultipattide production 
dev~ ia (3}. Tlae ~iOD couma ia a more dct&iJed desaiptioa of multiparticle 
prod.ctioapro«::el8eS. Thi. is ~ ..,. proridiDg in tlte ICM a prescription for t.he 
cliIIipaUon of: t1.e Predktec1 eae:z:y flow into tJae hally observef1 aconda:ritls. Technically 
.this is. ~evelt tillOu,h a Monte Carlo wnioD of the model. 1 

2. MOIlte-Car1o ,~Dt senerator fo.rtDulatlo. 01 tbe IGM In the IGM: 
(il ,netwoimpingiDl projectiles are ,...ted by the v.alenoe quarb accompanied 
by&h.doads of PUODS (where by ,hlou weud..wad both the intrinsic glUODS and 
tIM tf palD of Iea.'quarb)•. ' (ii) '. Ia tbe ClOUM Q{ 4».lliaion these 9uoDk douds interact 
lboD&ly farmies a Dumber ofobjeds whieD we call miai~fire6al& (MF'I).d which pop
alate.alld, the central region of readiOD. (iii) The nJente quarks (to&ether with the 
&1llOuwhich,elid Dot.intera«;t) form_ding jd.f (U's) which populate mainly t.he frag
Ulentation. regions orreaction~ (iv) Both MF'5.and, U's hadroiUze, e&th U producing 

.•'.. com!&poadina t..ding "..fiicle (LP) (defined as t.he mOst enersetit panicle in a given . 
iMmiaphere of reaction; aoUte that oec:aaioaaD)' LP can also emelle from a. MF). PoiDt 
(iii)i8 the maia new ingredient. in the preaeat versioa of tilt! IGM; previou.sly. we ha.d jut 

~ 

identified LP·', wi,h IJ's. 

The IGM differs {rom other models of this type [8,9.10} i.that it explicitly empha
sif.eS tbe role of ghions as main-degrees of freedom. although it can also be regarded as 
providiDgII. dynamiea1 basis {orlhe models pre.ented in {1l.12.13}. 

To model point (i) we introduce a suitable statistical representation ofa colliding 
·hadroa 11& > iBtermaof its par:tonic c:ompoaents: fl valence quarks and, m gluons [l4l 
(with e.taaadyj's being their respedi'ftaeJ'Q-momentum fractions) 

. ,I" >= c.TftZi]t "(l-t,St)"' Ul,I· O- Tli)"j· l(l-tZi-tTl;)' (1) 
t!;1 . '.=1 J:::I .=1 1=1 

'1'bere a.re (QBltrainl.$on the paramet.ers(,IJ•. 'T and 'I resultingfrom the (:a:.,)- 0 
(Regel ud (z,,) - 1 behav~ur of the liaglevalence_ quark aad gluonk. distributions 

I ." 1 .... 
o(%):~ y'i(l ~z)·v aadg(r) :=,(1- .)ao, (2) 

--------------------~--.. &pprAcIl is tU.& it .no... for ... nraipt1'onr&rd appIic&t.iOll &0 IlUdeuIA. Id ..... h&e of ••da 

2 

/ 

which'aa "derived &0. eq.(l).One expects tllerefore (unming'fot simplicit~oftl1 

3 T S. 
.. 

. 

·~D. tl&WUI) thal fa -0.5,.., :: ....1 and .v= (n -l}(I+q)+JJ =2(a-l)-1+P ,whe,e 
~=:: ~_ 1<_ ... 1)+1 __rea t.he departure from simplecou.tiq ru.t.2.Sjmil.u1y.~·la 
ord« to .. '110' 2! 5... expect.ed't4}. one h&8 \0 ..tjut tJ to he ill the raage of 'I ~ 
Witll tJae;e ... oftJac patametera the averagerraction of theel14!l1Y-mom_t.1Im~ 
hadron ~ ,to theatUGPic COIDPoaent iaequaUo . ',. 

, . ' ,guzo{z) 3A-3+t; 
.<'··f > =1 - fto <.:I: > = 1 - " .- ' , . .' '. r~Id<Jt...t.. \ ~' .~". 

In whu foIlc:IIIRI welhaD ~y neglect all muses aod ~ momerata,ofthe . 
colJidinc ob,jeet. (Wthpadonlaod.ulIdeoDS. d. lCD.They will.iaowever,-.ppear ia-t_ 
badronizatiOa &tap of tbe prO(.~. We shall alwa.ysworkia the hadron-aucleoa c.m. 
.frame. Oar a1gorit.bt looks IS foUows: 

(1) For ~h the project.ile (P.) and target (T) hadrou pa.rtic:iptiag iD tbe collision, we 
sample .%t E (0,1). i = 1, ... , n :: n~.Ta.ccording to the dist.iba:tioa,' 

'I
P(zt) := -. (1 - Zi)2(1II-1)-:I<'+I)+' (4),fii. ' 

and..ca1cula.te t.he &a.ctiOilalmomenta of valence quarks, %" aod·the.energy-momentum 
fra.ct.ioiaa ofP(orT)aDocated togluons~ , = IIP,T. 

i-I '" 
:a:. z•. II(1 -Zt) and , :: 1....., LSi. (5) 

1=1 1=1 

Witb 9 determined we sample gluon6 with energy-momentum frac:tioas'j . e (K!i., l), K •• ", ::::
!r., accor~Co the distribution . 

P(yj) := (l- 'i)" . (6)
111 • 

In doing 50 081, glaons whicb can produce at leut ODe MF of I'IlUitIIM 2:2" (which is the 
mass of the Jigbkst possibJe fireball) are allowed.1'hisprocelll .cOatinues untit E,iS',· 
It res'llItlJ-in two &etsof ghlO"': Gp{{s.}; i = 1". ~,Np)=[zh:t21 ....zNpl from P aild 
GT({'ihi =1•... ,NT)=: [,i.P2,... ,y~] Crom.T(DOticethedtangtdtl notation: {a:il, 
and {Pi} ,deaote DOW the gluortic fractional momeata ia P,aAd T t 1'e8pectively) • 

To de$tiibe thlld:ual.c.ollwoa p1'OGe86 (point {ii)abo¥e1we have to &pecifyt.he nature 

of gluon intel'adiou ia au model. WeshallaasuJDe that ill every puon-gluoD interaction 

a MF (<<du, d..c.ei,.-l can be formed througha.p1&OD.ic fusion process. In prindple 

.uti.MF caa aIao ft:Iielllbie ~ tahortnring' coming from tbe gg _ II (or other). types of 

proceuell.) TM.It &lHDk iatetadioa. re~ MBllD&riJy by 'cioIs aect.ion 6.. should 

be' 'QJlden&004 '.. all "«tift iateractjoa (Ouf siaoaic .ud..co.ri.t.aiaing· both genuiDe 


'It. .. j.~ Ie..&bloal, wit.. 1--I ••••"ark udal" ~"'t.iouai- """'1.(1) 

dO ut'depa4 _die ~......her.or ".0IIII in I' >. ",,_(I). 
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... If paill, are eff.uW oaes).Notke that 
' 

It,. addle 

a. phe.a.omeaolo&1cal 

(1) 

.tnlcbirefualoa•. 
,~are deAaed _ a ~ Q S'lQeVwlleJepert1lfb&tift qeD breab~aad,no 

reliable preclictioU .... poItible. Therefore (1. __ be couic1end u 
-fudioa to be ~ by'ttlUl multJpanlde prOductioadata. We ahaU theretore

- . 'timply panmetriJ:eJt.1JeCoR (41 (with M= "fi"i·."'ag all iaYari_t -erVin the 
particular ,. +'i coDiai.oIl equal to the IDnriaat maaa of tile ptoduced· MF), 

" '. '. K" .• [q ] '41'20 -'. [M']
.:.~.{M) ::: i+a;:;- +".laX!u. =6: Jl2 + '·lu 41'2' 

aad i~uce the (1lJUlormatiad) ~t.yofinteJ¥tioa betweeacIU(JD8 with Ci E Gp 
aDd viil~.aT' '.. " . .' .. ' 

';(' ") .,,{Nt = ~i'j.) , " 
p,,' = Pa" ~tali = att(.) , (8) 

with (1i:1f beiDg tile experimeatally meuUJed ~ta1iMlasUc hadroll-:DudeOD C1WI section. 
With tJte P~t.ieI Pij'defi.a" abow we contmue our a1corithm: 

(2) Fot every. z•.E GPt' i = 1,••. ,Np, and for every 'j e'GT. j =·l•••.•N"l,sach 
t.hat z'W ~K!.. = 4,,'/. (i.e., for .u pairs ofglaons from P and Tca~ of plOdudng 
.t 1eaat tlteU,htest NF) we checkif [n:mdom ~<, Pi;. A positive ansWer meanl 
t.hu.tm. pair did iotenCt. a aepiiW! one that. it did not. We coUect .together all sluons 
&om P aDd from T which did interact ctku' OR~ among thequ;elvesand ideDti(y them 
with a IIA mini-Jire6al1, MF, or. mass Mil: and rapidity ~r 

," '., I' ZIc 
~I: =~, At =·-In-. %11 :: E ~i, 'Ie = E "i- (9) 

, 2 Y. a'iE....MF .iE....MF 

TberewiJI be 1 < Ne <. Mio'(Np,N"l) sell Qf ncll&iaons,therefore#: == l, ••• ,Nc • 
Gilions which did DOt interact join the corresponding valence quarks of P and Tand 
together with tltem fonn Il!Jd4ing jds (U'i) with the torresponding energy-moment.um 
fractionS :.equal \0 

Hc ' No: 
'%t.,= 1 .... 1::1. andYL= l- Ell« (10) 

....1 1:=1 

forLJ'•.froin P aad T. respecti.Vely. We cooliDue if tile correspondiDg leading particles 
ofm~m£caJl be. produud, i.e., if =i. aud 'I. > ~,ot.h~ise the event ia rejected. If 
none_~lle gJoons iateracted~ the eveDt is Dot reguded as inelastic ud is rejected. 

N.~ that this procedureis jut the'fea1ization of a simple probabilisitic picture of 'a 
~ai..'of two composite objects (as applied e.g. in {15} for. nudei).1t does not depend 
'ODany particwarspace-time ordering oft.he elemeDtary &luon-&1\1on collisions (thi. will 
dwIg~ Jaowever, in,A aad AA com-- where D,:\dea.r sc8les 'trill be invol_). 

The produced LJ'.wiU be able to hadroail8 ~aly if tb.~r (iDva.ria:nt) DlU8el exceed th~ 
mUI ofthe leading pattide m.a.u,· MU ~ tn,. Jleca.Use the originallGM (where M£,J = 0) 
do:es not allow such a. possibility, it has to be blli1t in. We follow the observation (11) that 

4 

eveDqni,te iDodes~,1oa&itudinal momentUJla·tranafen c&Drelult u. ••bstaatill exdtWOD. ' 

of thecoWding lyUema aad. we allow tOr aucha fra.ctioiW ~« I bet~ the ¥alqce 

pa.rta ofcoUidiq.laadIoaa. (treated for simplicit.y.well detlaed liacJeobjecta) dUiAg the 

CO\l1'Hofa.cOm~.TW.'ran.f~isUl1UlledllOttobiteifere with &he produdioa,ptoc:eR 


.. operating betwta &I_I 3.!s a ninllw•.un obtaia. the ~touz..momeat.aPLJ~ , 

iinariant. 1B&8Ie8Nt,Jud rapiditles YuofLJ'.: ' ' " . 

..fi .[: .;.. . 1 1",' .;2z£-6PLJ,= 2"" "",O.;(,,£-~), ,.Mu =i.H(2~,,-6),YIJ =,ila-:---r-' ,{ll} 

where "£= z,,(,£}aad i = :1:1 {orPaad -rrespectively. ~ the requ.i~meDt.8 that 
,MLJ 2:. m£ aadYu > 0 (i.e., that Ute produCed Ll~1 be coataiaed ia the respective 
hemispherel of the reaCtion) one get.8 .,', , . " ' 

1....{iL)=Jr. -iftJ. -¥ <. < ,_(Jr.)'=iL• . iL =14ia(c", ").- ..'(12) . 

(S) We' DOW coo'tiaae with the part of, oar. aJPithm conespobdia& to pQint .(in) by 
selecting the "s (treated as free,paruneta',.. and formiag the respective ti's ofP -.ad. 
Twith Ib.aIiIeIS aad rapidities given byeq.{ll). This completes the desc.riptioD ot the' 
formation sl.4ge o/IM collision prot:U$ • 

We would like to Dotetha.t, withthdonna.tion stage (l-S)complet.ed,W'e have altudy 
provided inilWoon4ilions for statistical models of lDultipartide produCtion (11.12,131 &Ii 
well as fora variety of stochastic 1181 a.nd duster (19) mocl. ofmaltlparlicleproduetion 
in which some iJlitial distributions of~he DUJIlber of dusters Ne U'e uluui, simply post-u
lated and their roaases and rapidity -distrib"tioos ~ either 1eftuabown or .do .ot enter 
at alL The advantage of the present i,proaCb lies in tbei.bitity \0 providedi.s,""t."" 
of all tbesethree elements:, the number ofdusters Ne• their Qlas,es 14" an,d ra.piditiel AI!. 

(4) We conclude our algorithm . with lhe badrooisationof MF'. ud LJ'. aiDC. 

respectively, the Maximalb:atioD of tDeJa{onna.tion Entropy (MIE){2lJ} ud Sequential 

Decay' Model (5DM)(211 approuhes. In this way we account lor the d)1lami~ dilrer

ences between .leCODda.ri~ emercine I'rom. both the central and &acmentaUoa ~oB.of 

the reaction (which is the main poiat of the two-componentmode1{3))~ 


S. ArepreseutaUve sample of res..lts All the resuha listed below were ob

tained for the following values or panmeten: D= -0.5, 11= 5, p: O.6GeV t u= 

2mb, 0*:,,;'($) =39.5.1-0.38+ 21.7,sQ.08(mb){22), IC = I, tile IMU multiplicltiof secon;. 

,danes from MF of mass M heiDI equal to N(IJ) ~ 2.35'wu a.nd their mean tl'Ul8~ 

momt!1lta equal \0<',.,. >=.0.35 GeVIt. (used as input in the'MI& ba.droniza.~apto-., 


cedure); the LJ was fragmented fDtose.coadaries(ia the SDM echeme) accordia& to.the 

distribution: P(f):= (1- Il/Mu)'/f (wllere.f iI tbe momentulD of the produced,patti- ; 

de), f is a. free paramete.r"Nhk.h is zero, for pioDs; for nucleon. it decreases with.trrom 


:I Not.ia! \bL ia order t.o It...w: Mu >0 (i.e•• U...li_) we at.. al.a,. __Ie lh~ s.&. 

and 'I., ' , 


'Here we ""II[! .....- tlaa' i. " civQ e..... , - " . Jt::.aacl ,l'-'ed " til ... free puun~iAIlr..-rw.: 

ka.da to MIJ = c....t . ./i. loll i.,Ilef, (IT1. 
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a..dua.\ioasiJ.l bo\ll COIIlpoaeatL' Therefore our,chaotic aad 'coh~en~cOmPOllelli8· 

6.< 

, la 

< ftu(.) > 4-. 

2. 
• are from Fowl« flit at. (22) 

100. 1000. ....fa (GeV) 100. '.Ji,(GeV) 

Fipre 2: The eneru depea.eDce·of <: " >ud C.b:2....... 

(b) 1'" "fi .. 5tO QeV 

• arefnllllfJJ 

t 

.,/_ -0.85 at../i - 20GeV to I =-0.98 to,.fi =!8OOGeV•. (TJa.ia cirastic:aUy dlffel'$\ b.. 
....'riovofUae pJOd1lCtioa ofoedeon.io COQIparieoOto picmawas Yitllin obtaiDlDg, among 
.ota.tWtIp, ..u.fKIorJ ..tal&. for·the, JDOIDeIltl,C•• \Jaemdiplidtt dis~b~). 
ne plO~ of emittia.c a Jludeou ia .. 0" SDM fintWI ... fixed ~"""" = 0.5 

, (uaa ...... serooaca 'Leaudeoawu emitted) whereM itt '/rWuchosea from the ' 
elp{;..(prJUS)I]diltrintiaL III. Fie. 1weao.t1ae"'cfon.piaitrcliatribu.~_4Nldq: 
;(.) ",_.....u ~ .. compared witlt. cIah.(23t..a(6)- at, ..r. - 540 GeV with the 

(b) 	 ~.I 

dll 540 GeV 


~' .-- ......... 
....... 

'dec:a ';".,, 

. " .fIlllF'. , '\ 

'\ 


2. 

fn.r;meDtatiou

t." (witboat LP) "\ 


,fIfII/I#-- ......... , 

-" ' ....... 


.... _
'I2~ 4. 

Ytpre 1: (a)- the paeudorapidity distrib.tioIls ror~t energiesj (6)- the diJl'ereat 
compoueDts of.~. . '_ ' 

·'c::oatrih.tiou from MF'. ~ya aad"LJ'st'raplea\a.toioa. In Fig. 2 we show 'the ea~ 

dtpendeac.ea: (.). ohhe Ql,eaa charged' mllltiplid~ and (&) -of the Ii",t five moments of 


. tkIlUI.iplicitycU.,ribatioaP(n). ell =< ..">/< n >i: [23]. The numberoCMF'. (not 

Uowaexp1idtly) ia Poiaon distri.bute4with < Nc{..) >~ O.86,;t·ll whereas the distri· 


reaembles tile pmma distribu\Km wjth < Mc>6! O.l~-"~ wbich. 

, 'decti-.ely leads to a P(1l) froID this compoaeo.t ofa NB type (3) with < n:(5) >!::! 1.~.s,. 


00 tile r.oatnrJ, the two U) provide topt.1let a PoiUOD-like distribution of sec:oadaries 

j.,"til,<·"U(.t) >~4.s +'0.41.J,i (d.Vae. ;21.). TM «rt.al{c:ba.rged) multiplicity ia .,,>l 

t.Jaere{oreci'leJl by' < a(..) >=< ..(al > +<.u(.»~ 2.8P'" (d. Fig. 2&) wJUch 	 ,\~
't .coI.cides, witlt that of R&.P.J. ,WeillterpHt tlu. ...alt.:(as iD, f311as. au .example of the 	 J100. IOOO_,.r. (GeV) 1. "2. s. ,

coa1!Olu. of the cItaotie aIld ~~ta;.IaYt.g~ 3 wepreseDt the energy (a> 1 
Uldiapidity(.)depeHea_oft1lechaotidty~pdefillecta.sp=< ft•• > I <n > Figure 3: ',EDetg7aHPseuclorapicfit¥depeDdeaos of· the '(haos.lcity. pa.rpa.teI'PN~~.and ~ 

(for Vi =: S40 GeV aad torthepllMidorapidit.ywiJadow A" ::;::0.6):..Ia; Fig. 3a. we- show, eMrgyd4tpeadeDCe'Of;'Ile,TeIa.ti..·gl~c iRelaaticit.yps: ' l 
fGf~t,al. tbe eaergy behaYiour·... t.herelati~glllOIIic. iMlUticity KB de&aed' '" 

,

U. tkratio of the.aergy comia&&om the " iotela.dio•• ud the total, eaergy wed, for • neceuari"-~OWlI'tlaeaactNBuid P~di.t.ributiODl uaecI iD ~.~J.. >, ::-~ 

"tile ptOdcc;tioaof' ~daries. It show _till,. .... same treadu , but seems to lewl 
, ~.at,m" lower; eaerPs t.hup." OD the ot_ .ud~p(,,). sjstemati~1 higIter 

tlaa.tObtaioedJa W.l3J.c One lhouId,.laoweftr, lIMpiD miadt.he fadthatwebaw ' 

IlOWrorthe first~me iDdlldedproperly tbeeaeqy"~resul~iIg in strongeDerIY 


1G 

~ 
dt 

,fi (GeVll221 

.. batioaof ~Wr m.... 

" 

t.. 

: .. ·.S~IDmeJ7':::nae·~t~of'-: (3) '~~uc1.~"" 
as ·m~c"~Gft"'~"'" {2J.;1t. cIoeIaotspedf'.-..,., 
their d)'1lapHcal GriP aad"Yioar,iaU1iacf'~. tile ,,....0£ iU ,..~. appli-,. 

" 1 . ~ 

.~ 

"* 
~ 

'i'J 

I 
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t.Ida caP uad an... (or ..dL m.ore detailed .tv.dies o( mllltipartide 

a«llllliUily flOMreDt. &ad ,it is l'eUOIl&ble, to expect tha.t they maWain this 
p~ (in O1It cue npn!6eIlWd by tile bmation 

i.also "nalan! tlmshold in 'the .coherent 

interaction nnltiDl in 

eds.,'J.P.Blair.ot, C.~e1, B.Pire a.nd 

WorbhopOllMultipartide Productio., 'lo:dua.tions uti Fractal Structare, eds. R.C. 
H ..... w.. odas, N'. Schmiu. R.iagberg Cast\e,Ger1na.ny,June 2&-28, 1991, World 

".~••.'"ne, p~pictare of the po&Jc doIrliuace' ofiMluUc ciolUsiODB 

": :',' > ~~ ..... 
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