


.bee,. uNd- ..bl. partitttluhydro4ynamics . and statlstieaf thermodynamia may provi~e ,; 
fr.a1pe'ltot1c for the ~tl'iption oCt_qnntities in term. of temperature, which in its 
t1i,-,. nia.ted by an .i.ttoa of atate io't.MWetgyOrttt. ~,..t_,1f hydrodynamica is . 
~....U~l~tthenat•.4nlft1llGte invOl...t theoreliealm .. dtods have ~.\e applied or 
OIl- jut ue.. the~meotal m_,val_. TIlil laetapptaach.is used in the t'ollowiDC, 
,Tlw cliItrib"liOlliwhlth. delCri~'Ute fluctuatioJ\S ~ be hri,,"tiom tbe deatitymalrix 

'<~ JapU1i..cUlat·· , 

.~ ~!.("~dath»= Tr{}Jrt{it>-'(g,)j== "FUll ~l'Jllt) 
where £ latJse ~tiOll IeOgtb .itin, .pace,; . .....:. .......... , .... , .' ... ' 
Eq. (3) ~8tatiollviI;yQtth.{chaotic).fteid,. JtJblseo.aitio"isnot4t~illtbe 
.ari"I.;~.thenlUl()therVar;"J.te, JJl~I.qf.hich (3fis~j~ ~·.~1iet~~ fot~ .'t1te' 
Si.1D.PIeBt..p~.ure.in·thiS .ca!se..i•.~.'. '!laver..•" 0.utt~.' no... ,.,1l... -~.~.. '.'~..... :t1...........~... JW4l.....•.. >e.ut,.,
to couider uat:ro\1r ,nOllpJIh -,,,, ~.(-d. below)." ..., . . ..,;'::;: ..,.A,<:

.J~W;tO~Jie14.,oll'Uteo'hei,bndt.~ __... "'~ ..'~.·:::.i<./<,< .. '...' 
~ 

\ 

\ 
~ 

j, 

aroundthesf!!· quantities Oil ·the·other~ Thae fluduatlonsare «:iescribed by· dis~dbutions 2 Quamtum $tatisticalApproac,h to Correlations .a~dFluc-
nke th,multiplicity distributiori P(n)or cerl)' (int!!luticity) distribution x(K), K being t u.at ions of Coherent and Chaotic Fields' ., .the i"ticily. . .. ,... . . ..' . . ' 

,. ,,~ ; y 

Fl~~tUt1~;...re, ofcourse, Iiquite ~enen.t .phenomenon obServed ill Ulany dift"-uelltchaptera There~ two exti'eJlleaiu the QSappro&ch't()Jh~ctQ.t1ou:, ,"or~ ~ted:)l
ol:ph1siCl"~11luell,experience and knQWtedge has beenaceumula.ted $0 faront1Us ' ' .. cohereatfields ....cand "disorder"tepreeentedby dtaotic fWda II'cA.I:tt DlO$'l caaes~~ 
.ubject.. It:~ lhen cleartha.t -.oyattempt to describe nuUtipartU:ledYJl~id h-. to blGptic;s, aU field. "'Cu)caa.be T~ted.bya tin-.rlUperposition of ~two~~. 

_ ~his~ge,lf it waRtsio avoid repetition.!. . ..,' .. . .. . '.' '." .. '.. .. ..... .'., .' ... ';':': 


A plM'ti~8impl'attd powerful method' for the description of fluctuations ~ represented ,:1'(,)= ....c(,) + ....dI(').','i:/·'jt
by' qWt"•. statistia and is Ila.sed on the density matm "pp~. In: tJUs. -approach 
tluct.utionsaJe,J',i&t.ed to directly bbseml.bh·correla.t.iolUl. Thi. m4!thod. lies also at the It appears reasonable to assume, as is done inmost app1i~tIOns discussed below th~ ~ 
bu•.of qu~twn op\iea inda$ng'luarphyuc:s .and it will be· .hoWn in the following same superposition principle holds alto in multipa.rtlde production. An·exception to_ 
that ncaa provide .a.1ltcoD0mica1 anduatd'ul d..cription also: far. phenomena observed in is disCUM.ecl· in section.••5•. tlstanda for __at varittbles wlUch characterize the fie1d eit_ . 

t
mwtlpartide dynl.nUOI. in momentuln orcoDfigara'ion .pace.1'hediffer.(e~ Chao&, and cobereu\ 1ieldS 
.At to· the iMan. qQ8.1\titiea.he&:e. 'too,experience from otherfie1dsls avan.,.ble and has Ues in the correla.tionsof~hesefielda_~llslor.dlaotie ,.d. we~ave 
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> ., ••.•••••... ' •. <"" •...... :s*~4~1~~ .' '" ..''. . .' 
,;,·.~·;_d'fIr:-':oae·.a~~'P~iacl""'·UVIII~aOaa;;,··'1't1erefere·it ••"""'bletO 
.,. a.t;_r·clilCll8liOa;~.the~,~.mtke' foltowiDs·~ ,QI1tefte\1ilhe 
_.0,...11 ill!Uris field aitlee 1.~A. ........·.... 8omeoquite lleW.ud RtpriIiDl tacu 
. emerpd in tbi:a thort. period. .' . ~ 

CorrelatiollS ofidentieal 1>08ODS 
. ,~.' -

. . '

80$e.~~~eblCorrelatiol1$ .(BECr 

3.t. Surprisu·~tll4!~the lIpace.time approa~h'ln quutllm statistic. 

''the _timea9Proadt ,US ~ftaQy''''''''u com~wedwlth the momentum(taplw 
."'l~~ it 4~ not 8M_a muiona.ri1¥ in momentum lpCe but rather, in 
~tU,~.,a.ee.~dai&expected ~wa,yl to hold.Mlong as f~.' - zaf <8.. .1I4ft ~ 

.' de..-••t.nueoermna$eS aad .R ill the radiu (fihtime) .ortlle S9Um!~.We write thus
.<Orrela.tor fctr t1M tet... ..... . . -

(10) 

'll'hV4t.wehave"umed 'a (h.umuPMuacriz,,",ion ~d.e4 theconftpiatloa-apace 
'~OD~ LAIU,'dev dtat .th4& "aiiOllt.!octh L, u 4efbtedabcwe, is difmtnt 
-hill, but. nla&ecI1~the eotre1atlOa1euCtll.t iI,troduted ill ect.(3) "Web: Nferauauan,. 

.~:... npi4lt11p&C!1t~: •'rheiDJlia.m',ft.· to· the ·iIoapiIlCOlllp0ae8U ~.2. 3 of the pion
~el:'" '................. . 

tL '.. . . F(kr, ~k.) .' 
, - (F(#:,.,t,.)F(k.,k.Jll 

u..~lI lhelitetimeofthe aoaiceOf~-:R.· ,.:> '. .. .. ' 
lttefnllte ih&ttlae "Dew" terms ;".,art it\"tC"p~ .. ~ "lih ,_ -.ar. 
01;*' 4. aad~.&&tJU. sn~QIl CaD be1*tidy~for,*~TIleI.'Od_~~~· 
oh"':HW~~4,1iesi!l ~k. fa.ettba' (iJ tltq""tt.Wofitlitle.~"~<. >. 
I...~. ·~.{!Jia'~~way·... term'Of the· f'.onII.< .,~'~"'~t:J, 
.~t·ta.teltcOildte1~.,IiQtllt1uRao.."'.llcorrel.~*"1IlO"'~.. ': 
;~~woal.~~~~·~;~.t"'~qDUattr~ WiVe fianct~,4J9.aw\ta" ... 
:"aoC'Wd,tQ_~d.~~r. fdl)the notJIlIli_ioB'prOcelttrt iu 
:·<",~"",{+~).~Yllikhi'~ia~~~~EC.t~h.. tO ~~h:4""ioft: 

t~~~..........~~~~ ....~_ . . '.' 



'AnOtherC088eq!J88Ce of the space-time appro&ch (".(lSHi. the fact tha.t it p:rovidesa. 
,clot ttle;tfon bet~' t'lte cor:relatiOlllencth L aad the geometrical r&diut R.Fu.rthermore 
'It app.,..~~(BEC) do not tneuure Il (u Will thoUght 80 far) but ra.ther," combination 
,of~,·ltai~~; 

"if~, ,,,' ,~ .•... ,Jt4, .." "19
;,,' ~<~~:, ' , ' l=RJ+ Li' ,," " ( ) 

;,:,' ,l~' " ",,::,:,~'l,"i:':: ',," " , ' .. '/ ,,' , , 
:,i .T~et(~CUsc:uaeedabOvereter tochaotl~ fields. In the preSence,of coherence;suppleme,n
'·\/,t~ ...tpri.es-emetp. Indeed it e.aA be 11lown.,thatthe presence of coheren~maaifelts 

J~f._,onlythtoup themodificatioa(Jf the intercept Ci{O) btlt also in the depen~ence 

01,0, ~~~:1:2., ',', ',., .', " , ' 
\y~aI~tal1 experimental ',tadies befoie'l989 considered an one ex;ponential.tfUdure 

,otC.aIld,'ttledtoeatimate'the chaotidtybyextrapolating C2to~e origia,QS in fact 
',J~re.i_intli.prueJlc;e ofcc!i~~~a~ential attvcture.the".-0 exponenu being 

:" ."q4ia; .''Yery~n1te ""y. This.wt huhi fact ~n pointed out already in 1978 
~~y~ip.Ji'" t.ijy&Jll1lra..Na.kai{4]but its televaa~ tot'the experimelltal determination 

,O('dliotidtywu _ph~zed ,only muehlatar [S}.Iuprac:tieal jmportan~ Iiu ,&1IlODg 
. >~ things in -the .fact >that the detetrhlDatioll Of lhe inCereept C~O) is ltampered by 
,theup~men(a1 diflkulty Ofmeaauring very, amen val~ of Ik~- 't. 1'1u!.two-~poaent 
8trtll.!t'llte.lU.~ in :partthe'burd~>~~.t$ to largerval~ of lkl-ktl.wbettil 
'''.s;e'dltlc1tlties ve~ntto"lesIer degree:n~fi,.t expetitnatal&t1elftpt Iodeteet 
.~..__ent~tur.-),u ,beeR l1!Ported ia ret.lgl~'Bcause Qf the,n~ed 'ItatiltiCl:. 
'~. _ ~Yete8liltacould kobtaiaecL,"',Pfo&reas .... t~ Un....,.J.« 
,,~ ." ...~teieal4evelopmen.tont.iI'.b~"ell it>....~tkat> 
;llH~'W ,1NW&t..li\., be obsenahleOal,.for ~p.loat,(7)~· , 
':la4eed.;bJ ,tang eqa.-(3H4} .. get 

3.2 	 Multiplicity depeDdeae'e·~r,.sE9 due to quantulll' staiistiealeoa.. 
,.traints 

Ano~ller application of QS to BEC lies intbe depf$denceofl1EC on the mwdpUcity[8].: ' 
~,is well knOWil. the operators fJr the field (lnteQity) qd 'ft,,_bei mpanicleS do~ 
cOmmute. This lMMSthai lftealUrem,ftta of ",,.- BEe tanH performed oalY..; 
no.mtrictiOnM, thelftultiplicity , a., wmchftllctuaesft._ mer'Jq e~...,;iaJMde.,~,'/ 
pradice,hawever, luch mtrictioD$ are ilft~. C'lUh~1i1llplJ;~ to~a~>. 
ideatic;ai 'particle corre1,.,tioll,one .Ila..to lJelect·eveDuWitll~I~;• .-;Ir~;prtide~)/ 
or*auseort~reUtal prejudices (centtality). ,This' introd,ucS .~i'" :~dl ~htetl}\ 
estima.ted,in {8} artd we refetihe tM.der to, thi$··tefeteace~'~cal.·.~~ta».~We4.uote.r~ 
hereon1yaome'ofth~ results (a. Fig. I}! 	 ,; . ' . ." '£, 
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smlall valuesol".sreqi, .,(26)2Uid (24)JllU8t ,tfifferbecaUft 'lircontains a -fioite.caliin 
rapidity. t.. while (26j J;8S1,1JD.~eabeenC41 of such. scale.ne prelfllte Ofanoltimate 

~l 
, <:...rCel~ p:'it'thi"eh~~ty(t,h~ Toom~U~ d~"ndence of 11 i.~ot considered' here) ,and 

1#' area.8atytiealruil~ODI~ II ~ 8-'le~Theform of B.B 4etermjnes the 811 dependea~ r scale).ead,' to "AtUl'AtiOl\ot 1••f'ua fuudioa of-If." (d. Figs. 2,3). mre{. ([UJ): .:r~~,~tb.e ~"~:~'cJoes1iotr49n 6,/&I\d t sep.,rMeJy bllt,l'atMt~ fJ wa." cahi 
a .comparitcHi.,of the prewctloaof.QS ~ted by *I. '. (24) ad, data wU.perfohit~,bettr.ean-.,(aJ•. ,< ",'., "', ,', ''' ",~"" ',', ' , ; , " 


'TM'{lIIlcUou 1f~tiIldjcan." caJcu1a1edlrom.:tJut,foiUlda.e: ' / ' for~hadronk •.adnudev~01l8. Before diatu.uiri.c'-'taUlts it is~, 

, ' , note ,hal eq.(24)-UStllllelam01lgothertbiags: ·(i)idea.tical partides.(U) .talioaati&y 

in rapidity.. 'Ont:be oth~ltand ,the data avUlablein 1988. when this cmnp.l~D. wuB~ ="(~~\r IT ttl dY;1ffJ~ftl···n'r-~,,...)T(~~Yt). (24) 

o 

per{o~ referred to'charpc!partides and the eondition of Stationa,ity was fa.Uillecl 
. ' , J ;=1 10, ' " ,,', ' , , , 

only lor the p-p dat. in the very ceIltral resion., Nevertheless~aa eanbe judged Itqm 

1 ... ,'. YIgI. 2,3, the agteeIDent betWeen eq. (23) I.ftd data 18 good;,indudins th~~dency or 
, (25) iJ,",= (6y)r I!Jo dri7(Jh,'2)" '7("-10''') saturation. This wi.&, the Arst conventional explanation olthe intermittency .e'ett~aud 

~-- 'it was substantiated further i,n (l~r ...1Mre the importaaC8 of a thr..'dim~8iOM1.aI.yIis'
/' 

where tbe fmdions 7 are defined by eq•. (3). was emphaaized. However, in (12) ,an apparQtly obvious,est" ofth,e QS mechaalSlJlia ". 
Eq;·(23) usumea.ata,tionarity in, and it it unden;tood that the oth~r \'ariables (e.g. PT) intermittency was·proposed and this test turned,out to be negative, TheteStusulllel',', 

. ...,avefa.pd out; Eq. (23) redUCi!8 for p, ==Iand /1,=0 to, that' the QS mechanism. is baaed entirely on Bose--Einstein eorrelatiOtisand therefore ihe 
-p.:;:-< ">';(r-.l)!/",~-lwhidi is tbe.neaalive binomial result, while for p=O, intetmiuency alopes fQr identicalpartides Oid,s-hould be twice ularge as thoSf!forChvged. ~ 
p.,.::i Otr ~ 2 wecet tM Poisson distribution. We see thus that the nepUve binomial onea0cla. Experimental data. on ~!aeother hand showecithatoid.:= ~. 
(o.b.). di.tribu~ion~ whiclnnade headlines illtbe ~id-eighties is a particular CaM of the . ,'failure of the QS interpretation of the hltermitteiteydata. may-have several explanations: ' 

. di.m~tion (23) -Pllt.·forwa.rd In 1978~. MoreoeVer the QS formalism appears "perior to 
t._~n.b. a.pproatJa not only because., bl more general butalso,beca1lSe the theoretically (i) it cOuld mean that the intlrrittencyphenomenon is real and thai thehadroni~ scale 

~ !~ 8Ot; understood 6,flependen-c:e of the n.b. parameter k has averY cle&.faaddefinite { is, 'fo{ JUBOn. not' ~t understood, abSent in the multiplicityil.ta.However, before 
r. me_inc inQS beiaeJuat ammfeaWi~ of the t.pafticle correlations 7 which enter 	 rea.chingthis conclusioQ, other- more COllventiona1 eXp1a.nations ha~ to be ~sidered, 
f ~... r.unctions B {UDW~,.,t.Ol'tftlat1oils)a.nd (§) (I'ing·pair ~atiolUl). within the QS Cr8.m.ework. These are: 


A pU'titular.cI.H Olthe rapidity dependence ofJIir is the fOi'ward·backwvd (F·B) correlation • 

.It eoilld.be shown[9j that .. eon.istent description of the experilftelltaldata of liadronic. ' (Ii) there exi8t~net&tions due to strong interactiolUl ~t'M!en tht!Qa!'tdpatticles (pion&) 


t" , sesaihadronic ~6+C~ -readioll.l involving bolh the 6, dependence ~d tM F -B correlation which are similar to those between iden.tical' particles. This theo('eticat posaibifity "aa 
is pOssihJe'Within tlUtQShame. discussed alre..ty ~nnd'.{9J in connection: with the observation by the Na22 col!abo~ 

~hat the e1fecti~...tive blaomiaJ .puatneter lot c~arged data. keA 
4.', 'QualltulIl" statistics and, illtermittency effective k of i~ti~,partide data kid by the relation 

'J 
ket., = i k• 

n. r.aplditydepadence of momenta of multipliCity distrihutio!la haa become ill the l&$t 
-~. Ave,...... '_ing 1·i'~Qd for anot" iuteteatiagphenomenOJi;umety intermittency {IO}. 

,'rnt-ermittency 1e&da to'apower la" depelldeuce of the nonnali:zedfadorial mbmen's nithetthan the naive expect'atiOllleeA =2kU which usumeailldependent charges. Su.ppo" 
.for thi. poesibiUty eomes frorn a recent jn~tigatiol\. by SlUh{13J-.hidt, wiU.,. diIc1liSedf-' 	 ... =F..[< 1& >r..., .(6,)-Gl. (26)· -r . in the 1lext section. 

wheteo is an llu::ru.singfucu:tion oCr. These .... e telated to' the factorial c\llDuI.nCt JAr by 
I.' 

" the ~.0Il. -. 	 (iii) 'the qU&utUDl statistical correlatioDsbetwee~ ..+';, &ad~."'~istU.md i1lsection 3.1 
(ref. {aJ)wntribute ~ t,", intermitterrcy effeeta:ad thus the naive expectation 

~I'¥lS"] ~F.s' 	
/~ 

, exP ,~-::;r =~,-.r"; (21)· .. 	 au =. 20d (2t) 
, 	 ~ .".1', -~.o 

doe$aothoff1~ lAdi~tiou inthli db:ectiontomehat 'lM observation thal the~~"tteDc1 ..iell is to be undemoodu aAidUtity in S.Gl~ the fad that QS predie~~tatiw1Y 
I! .e8'ect~ "roncllenhancecl·lor·sonplO1\t (14) Tihreallo theQSt_ aahle behaviour as tbateoataWld in (26).1.e. a deereue \Vit'~,I, .hidl beco_ IN)i'fI ' 
L, 	 e$h_¥A quanti~tivela~£iptiot\ol ~hisR'OSlihi1ity is_der,way {1$J.prQ_cecl thehlsher tile ~~io(tht~,~tVfUh_~ting to checkup ~..~ 


~iattheptedlc;tiQl:kl,ofQS.actJttter:mi'-~9'c0iad4~ltildeal,kowevft, that for-wry
, 

~'" It 
a, .. ~; .., 
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. Chargfll correlationsan4· quantum' statistics 

The dJft'..,.. between quantum statistics u i.pplied to op~ica and that ipedfic for multi
~.' ~.ide 4yUJnica lies, in .tll.· D~ure of strong intetUtiOfl8. One of the consequences of 
""-' i~Uon. 'k .the exi,stenc.e of cha.rgeeomiatiOBI due· e.g. .to re.sona.nces. We 
"'&ioiled~~. pHeediq sadlon the importance ohhi. effect 1n the QS iaterpretadon 

.otultdti~ .tributiou. In... this section .....haU bridy outline an . approach .to 
t,IllI> ptObl•.~ .to Shih {131 which could· mveu an explanation why despi~ the 
exlJ...·O,f 'tro.,chlll1e cOrtelation., the IDllltlplkity diltribu'tions of charged pattides 
u.~'~'Ii~ to thOle of identical parUdes. .'. i 

n. .btu COIdi," ia tryiaa to p&rametdle the charged field correlation. in the same way 
... 1Mif$ebtiCl!ll :Ile1cH:haoUc:correta.tians, the difetence being eonceDtn.ted 1n '-" Ilt~th 

.. r.dOr m1lltiP.1.r11JI th,CorreapOadinscorrelationll. Otie extetadsthus eq. (3) bywrilins 

.. " l' . '. '. 
, r(Il~J2;:-'-) =::fC'h Y';++)== Ar(,.,,,;+~)~ roe;xp(-.f'l- iiI/e>· (ag) 

The~dtyPand the -cortela.Uonlen&th ( ate unmed to be the sam. fordluged. and 
l4eatic&!PNtidu•.. nu. is .<,me 01 the sirnplestposeible genera,u3a.t.ions·olQS, d.m1a.nd1aJ 
.•y' one·parameter more than in,the _cue' or identical 'partic;:leat ·. __a.ely the speclftc 
t ........wrr~la.\ion ,\rengti. ,At ud lurprisingly ~ghit, appears Mdfi~nt to descri~ 
,Jut available Int~~".".tY 4.1, both fordl~ged and fdentic:al ~la... Ilia i. aeen. iaFig. 
~":t1t.J.a,.a.t'th. ~ .At1ft1lJ -ou~to 1M:mu4a: latprtha. uit1,eodrms the 
~lOlldaat ch-..re1a.tlou ~lqUeh~r~ser thaa ,ldeatica.Jpart1.deilotrelJ,tioaa. 
GiYlNlibtt ~JtY o! the. ~aasatI, tlle-ph....otosiAl ;,tCtes8 olfit~iacboth 
:~ 'udidelltical4at .. wtthill ,hI! ..... QS fo~,with. Ord13p~.iera (P,f, A) 
. is ~~~bleaJld,,,,b tottu quoted lDilkipt.tdty cWa,41le¥~ la ODe 4iUlftSion 
:.•~, caa h "ttderstooCl WithoUt lnyokiq.the intermittency ~tare. 

4.-. ThreedlDHlnsionai. analysis a.<lDon~staf;iollary eff~~.· 
th- imponAn¢e of a.thl'ee..di~~aaalpli oft•• multipUdtyd&t.w~ ~Plr-~ in 

" ret.jl2]a.adioI171u W. Ui, aUlllbseq\t~ieX,.i""al "qdiea(d~,.g: tMs'VOlume). 
PurUterm.ore 'he rq.. orthe.tatiou.rlti~ption il\ . .-api<lity in t~. Q5· approaCh kt.d 
•• r.IiSed fr<tm iW vwy~ftniftl liFTh. omy $uPPOR CortJd........ mptkmlies hl the 
.P.umect ~.\DeQohM'rap!dity d~~u~)ons.. As· am..tter oUaet ihi,lata-is _'ritted 
lOtli'''' eeattal ~.Morecwer,i\ilonl1al\~ coadhioa for a~tionariv u ~ 
be t.,Uy.s.a l'louleq.(3)whkhtol'ftlates D!A paints.,.. f2j rat.th,an referrilJl only 
"tltt.~~ .c:ue.Il :- JTwllidl alen the. rapid.i~y distribulion. A lint inveslication' 
ollhe_eof a~....ditMalioul ,-.al)raiaaD'd ofth'atatio8a.rityaasumpUon in .the QS 
~. or.....l\iplid!r 4b,.t"'~.~ performed {uref.ll.]. 
Oae~er~ ',....{3) 'by"" ~ ........ : 


,', ,.: .... ''; 

,B,,:;: B",.1J.rr, fI" =, iI"Brr ' 
where:.8", &recite ~~n8 (24);(25) aod BT~'·fh." ,~e the ~Ponding hi*~~ ia 


'PT ep&ee. 1T til either pa.rametriz~/'b, & Gausian' , 


7T ""'eXp(-lPh';;'Pht2/~t) 
or an exponential 

1T""',exp(-1Pr.1 ... ;:r;:aI/(:N' • 
. The dift'eretlcel betw.enth"setwolonDsappea.rJo be·....rm, applic..tl~. A f\\rther 

pne.raliza.tioll of·tlleQ-S trea.tment .petformed1o (181 'rd'erttt)DQ1l..~~~&t1.~i. 
rapidi'1~ '. Thi, problem'hu. twoaspc\l: (1). the chaoie of ~tlpUd.tr ~~utloa,.ilh, . 
the eh..nseol the wiclth 0, of the sym~tric ra.pi~ty WiadoW, (iI)~'.~o!P(,,)'~lh.' ;:". 
the'shift of the rapiditywlndow. Property (1) is a.lteady a co~·of t....m~'.~l{ 
forrnalistn .(23).. To aCoo'llntJor (ii).t\¥O-.pproadieswere ,~":nefitst ~"'r8tt4:, 

the. effeet .(ii1iu ~ermsqf.!.~.i~dep.era.d~t., sources,'•.'0De." ~ .•. ".:.-.'.......t a.Jl
.. .•. mp~ .' '. .. ·.. d ...~.'.It.".:.""•...•.completely thaoue.A diSC'Wllion ,of this meeh.,.l8fn ·.,ill1Je 'P\IiI!!ft in the. ne(tileCtio .. ~.:~;. 
~e other approac;b' &t\elnp,tI to:desaibe Ws·eft'eet.pa:·h1';f,.Jtae8,r·"Perpom"'lion.r ..... :.\". 
coherut 'and c.oti~ fteld (~. '.' (2» .. G.elJttib94bet~~· ,.~~~~~.~u.': ~!~'. 
101lluuWdet1&UQ!r from' sQt1ourit,:i8'.amaIi; ..~.~jh i1ulcilon?(JI-.•5. "v 
which eat. eeJ. (3)iJ1Wdtbti'iastaci ,. . . '., ,: :'.:,.~," . 

. • ' ".. .•4n' ,,:,., ...~:L,>~~.' 
.7('l,1II)= v.P{'I)P(~>'dJlt 4il.exP{-I~,::~~flf)..... . 

l'hde,.aence ot .the chotlciiyoa ",iditytdeeb the Act"Dt~.~·~ . 
multiplicity ai,.tributioJlJ mange tar akape "hen ~ft~ the.rapidity tIIJl~,Ill.'&l1i.. 

t.......' it.iS know.· .. tiOil. " ..' ..broad. t ... '.. . '.''~~.;T.· Is.... 8 .Uaac.·.la thoe am..ter., .t.ht dia.tribU is. :'. .•... er. ilian a.t- ..~.' ..........
'.also tded-edby the ~d"baclcwa.rd. cor,..atioa. AI to· thef.dity:6t~·MId, ~. 
. itil~~exp~riment.(Onaithtriag,tta...ratfoa. ~ 'Ute p~. 'Aftfr com~AI.,~!. 
"tlWlpnera&ed'QS fOrnttJismwilh ...w.,.OD.fin4arl8JtJM.tthegelieraliDd.QS~.:;'t'
lead-to alJm.ermaUfAitionftOf.the MrUUtetp aad {:ID partiCular .. i~~, .' 
~4 &lligAi deere_ of ~ is obtain.\. u·'CDtnpved. witht~ one~diJn.MDiJil'~ 

(ormalialn. '. ~eat.with thedai.. foddentiql particles of til, Na22. cOtJa'bora1iea' ;,' 

atisfactOry u._))..·.e. frmnFig. s. , ' . . 
<. .' 

4.5 .. >~mpoHllt a.pproach ~o 'muliipli,eity distributioll 
,~ 

A~l••i~~clha:the pi'tVto. . .ettion,8Il alternath~.,lqterpretatioJl of the thanceofp(n) 
~,'Wi~ ..;,.~.. of.tu·~idU.rwitUtow .... liYeA'Il.} In t.-. of two'iHep~'; 
y....-f..CQll.t(.a)A'.(q~~!1~1~e~\{.......~ 
'~h~:P,N8"d UlQ~:conc.t...tea ..tJupr '$pid1tiee ~d comPl4M1t~.t" 
:~bedby a, f'0l~. difiJtb~tioJt p,.:, , . ' .",' .:' . 
,,<.';?'7!»\;""':"~:"~~'~':\'~"\' >',. ",,< ,-..'( ,':":/ 

http:d"baclcwa.rd
http:tlpUd.tr
http:applic..tl
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., 
f. 

~ 

,'::p{fl).I:pp(n.)PNB(R6)6(R-... ~ ..). '(81) 
;.... ,..~,... 	 J' 

·;"W'''!~_'~'ut._:r/''Bwltipllclt1.:.diftrib~hliJHftedApidity.wi.dows-
:·;tlOW4t.:e~·1m.~theforNa,rd..b~da&J'--try;f201· .! 

·'~The~.·outCOJ'lMOfthe eompariaoaOf*__~.of. 'hi. ansate ·wilh 'dalia. 
at ftriou,.a.rcie$wa. ~haitheme&ftnaultiplici~ .. 9Iftetged ua i.Iow (logarithmic) 
'faacti01l of • altAJ'Stin, a brematrahlung-Jike mec.haai.rn whi14~ "". appe..red u a mum 
Itrotlpt function (61/ 4 ) eOMistent witbtbe expeCtations of tbe Ludau hydrod)'JlNllical 
model. This eoJ(ee<tllence iIlutrates quitee1early the double-prong stra.tec;r outUned in 
the introd.ction fora description of Auetuticms via QS on the one hand. and mean ,veJU4!!S 
via & hydrodYQamical raoc1e1 on the other. Gh'eD the possible importaat hnplitations of 
this' rault amoretlli~ph: d.Ivatioo oCthe two component model ••ttlled ~ve 
appeareddesi.ra&le. Sutl\a derivation .u given in ref. (21) in t9l'ml of a rtoc:hutic 
biancldng equation: . 

6 
";P(..,-.;t) = Po{P(Ro -1,1I6;t) - P(n..t'I6jt)} 

'. + ,~(P(n.,ft6 -1;1)- P(~t".;t)l (37) 

+ A[('IJf,-1)P{n..nfi:-1;t} - nfiP(-.,ft&;t)} 

"h_~~tl are pfodKuo. ratella the interVat lit (d.. ·y".6). 
/ 

5 ConelusiQtJa 

Energy depe:Ddence of muitiplieity distributions in the 
quant.um.tist.ic.t approach 

, < -:~ '/:., • 

.·~·8t~; in ,·he illtroctuetiou one of the main goal. of lhe strategy outlined in this review 
18 todeWfatin~tlt~mexP.- the. "law." whicll~'tmdCipvcide i'lynamiu,t.1. 
the eiMrgydePendeaee <d' ~he maiD physj~ o~..Thedtoice of tllese observable. 
i,. dicta.ted by very'....u· conlidtmP.t.iolUl buedOil .QS.m parti£ular . itt OUT cue th_ 
obe«~es for ~P~" dte.met.Il multi,IiCity < It >~ the.chaotitity,ani 
tlliJ ~atiOD lenada L ({).The·jm.pielnenta.t1oa. ofsuch a ptQgl'am la u.rortqate1y 
h,.....,erea at pre8e.UC lor hadronie r~~tioDI.bythee.beeaft.of data. for idea.ticalpattides 
at_1Uchei.··~•..The oat,. uaiJabie. data. for both .chArged and I.tical panicles Is 
cbae to',.. Na21 ~ration at. Ji=22 GeV. On the other h-.ad we ha.ve seen. that 
{l}.at this (raJller lOW) .erg both. charged andideJrtlcal data euk.described ., ihe 
QS·fonna1iam. the tUifemtcebetween ~ a.nd identical data~'J ~.ell.n! of, by 
tMspeqlic 'charge c:onetatioa ,.....eter.A (cf.· eq. (32);(il) ~~.~.•~a__"rihd·at"iD energietf avalJaW.<lq) to,,fi == GOOOeV} lVitll .the same.Q$ & .... T\.. 
~~uto8tlHl1theea~~ ormuJ~icl.procllld101l~~~·. 
:iMntultiptitity4i~iih.*~·bf·~~S·f'oqualilm_,theiesqfb -ot thBii..,WlU .. 
.pree.", ~'.'.GMu..t_ft~,· pl_1A&ty. ~~ .Ofuch·altU1ly.:..: to 
the. .~ceof:id~tkal ~~ ·ia.la, ~.1a."'''·''etted.. iila:J\t.6(approximatlol.hdu~ 

l,. 

COl'l'lCtiOn. f<R~iOflarityand ·tnree.dimentional kiJlelllatiCl.TlUIaliO.imp" thiM 
t~'~iouarelleftaed in rapidity space (tq~(3» aDd BOt iJl~ftgutationapate. s< 
A.Jto&Mr.~of.dtv..qy-;dePftdeace.ill ~to1he·rtd·tbat,m_muttitillmr~
'me,·to t\le-,centnl·:rapidit1 'fegioa.ltishow. tbatJn;thi, teiion .the: inelutidtyK is 
alsoQeJ'IY ~tteQ:t~,ThitJnea.a. tltat the tlMrIY ....ablefor.particle production' 

VJ:: K-/i 
whiadeternliiJes. the obsenables < 'II >.,,( i. a rather involveclrunction of 6·..1:hi&.r.ct. 
was taken into account in the analysis ot the da.t~. .' 
The results of thif analysis {22J are Q,Dtained in the Figures (1·9) wbMe the t~~
teristic qua'ltitiesarerepr..ted as a CaAcUon 0(,. Inth... fipteaprecli~ rot 
Tevatron and. sse energies are aJsomade. BesldestM previously k..wnlQcrease of tlut 
mean multiplicity < n > with 8. the remarkable {eature or these reeultaisthat ~h 
the. rapidity correlation length eand the . ~tjcity'P iDcreueqaite·.n.betaatlaUyvllth 
s. The absolute Values .of p as given in Fig;; 7 aret f?f~, not.tealistkbecf.~ the 
1'T dependeru:ewu not considered (ct..•ection 4.4) •.ThIs- cmdssiOl\a.mounU to t!ie faa 
that the, values of Fig. 1 are strongly underestimated•. They have to be "tenonDalizedtf 

. 

by a. r~ of ordf'f 2~ Nevertheless- we believe ihatthe overall , depet)deQCe. i$' ~. 
ad reAecttthebroadeing with 8 of the multiplicity diati:lb:ation( deviatioa froID KNO 
«aUne). Ita:ppealsthat at low {v'3 = 22GeV}eaergies, at leaat the chaoticityp << \, 
j~" ~re is an a.ppreciable amount. of coherence. This :Conduao.n.. wbi!±· fo1lowa froro tbe 
Itllalysis o(multipItdty data is consistent wItht\e t'e81l1u of Boae-Eilllteiatoneiatloaa 
obt!l.i~ed 'NUh the nme Na.22 dat~ although the hlterpretation of BEC idUnft'etJfrom 
many ambiguities. One of ttIe m8.intasks for future theoretjcaJ·a.nd e.xperimcmtal work is 
theelucidatkutpf the' role of eoh~ren~in Bose-Einstein c:orNlatioDsand a. tnbre ,det.a.iW 
joint an"'ysi. of multiplicitY ud BeC data. .: . 
Slace thethaoticlty iean order parameter Umited~by deflnitioft from. aboVe b,1~Fi~1 

. gives an Indiutionat _hat imergy the. distribution will become (OULpletel,ch-tic llid
o.y0n4 w~ich tb,present.lrrmd will bve to~. (The energy atwhTt1l.,~eslU 
i:\1&1timumoorte$pouds to a phase traasitioa.) 

. Figure C .. ptions 

1. 	Setondorder 8EC .. ai~netiono(" ~-JJt - ~t for a pureIy:dtl.otk~uttea 
f,p. ='.1'_ n. 8U~':81fashed CQr\'e& teprestnt. the analyli.QI reauUoltke 1I1l~ 
~t8>n functlou· • .given by QS 151· In 1"11' I. the d&tapoillk rep...tt'. ' 

, . .... .. ' . ~ .'. . ..... . .' . . .. ., " .. , . , 
'TlIe~~t)e"""".(Mqlliia.....,.. {rPt~ 1fUII ...4~""'".. if 

,··t~~;,r.....t~tioU.·J!~"""·""""P""te4·i8·I.V.AB4Jeey.aada.M.W", 
lluJ~l*.. ""ll·tw"f:.·J)I·We.-.·WoM~;; 11";.' '" 
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lelults of& Monte Carlo. simulation :.nthout any biM on 71.· The other parts of Fig. 
l.rqtesent tllel'tlSutts oftheMC aimuJation \Yith vadousftxed nm.... (from ref. Is]). 
2.N~ factorial moments ;. or order f in finite (pseudo) ~pidity wiruioW' of 

'wJdt!bvtentered hound. rCMS= 0, plotted againstlror.l" (pH\1dorapidity)for ! 
.(a}~ilion. a.t -Ii = S40GeV,(q)and (b}pp colUsi~8 at.fi =22 GeV(r). The 
orcIeJifftifindieate6 next to. the,CUrv•• Thete.have been computed using eq.(23) 
with;"'p Sl:C).44 and ~ = 4;0 ..nd (b)p == 0.32 and £= 1.0 (from ret. [11n· 

, ',' ',..;~~:", ' 	 '. 

'3~. A~ of Jtormaliaed factorial momenta ~ of order 'l in finite rapidity windows of 
"icith8rshit\ed across a wide rapidity raneehlea.ch' event, plotted agalnst 6vor 6'1 
~:(a}'pp~liaiob at ..;s == 22QeV(,), _Dd (b) 32S +Au.coUisions .at 200 A GeV 
(,,)~ n~ order. 9 • Indicated next to thecurvel. These have been computed using 
eq. (24) with: (a) p == 0.20 and e= 0,9 and (b) p~ O.015a.itd ~ == 0.2 (from tef..· 

.ttllj· . ... ,'. 
iFactC'Jrial moments It.cis and· /".-(1:: 2 ... 4) as ar~adlon ofthera.pidity window 

.If·· '(1M < ''I12)~ (from ref.ll3]). Dasbed (Ul'ves: C =2." *l O.l1.e = 0.70!Solld 
C:1IJ'V1!!l:C = 3.S~, :;:: 0.1 t,( =- (US. DM& pOinta are experimental 'Valu. obtained 

, . by tbe~a22 coiiabQrati~. . ., 

5~~~q~f~eriment" data. on aegativepart.ic~ (rom Na22 experi~ent wit:h 
.at .... .Qeri~ ~Eqs. (31}throUCh {~). Data. points oft.henormal1Hdfactori~ 
~t.It(q =2.~4) Ved,rived&om the experh~eaU111..ti:ve~nomialfiU of 
lfa21d..ca{l$J ,1Ottectapio&tthe rapidity· Window YORio losplogplot.,with ItIt <: y: 

..(flom,ret (18D· .. , 	 , 

6.~ ev.ti()nproeesses wbe-:etwo'tjrpeJ of particles .(parton.) G and II ~ 
ptod~bya VittllUSOUlCe (..,)~The ptoducti~\'ertj*,_a.re dlaraeterhedby 
~plinp 110 &ad .\0 respectively~. Th4! bottom process cotr.ponds t()the evolution 
Ctmulddag) 0(a single pa.rticle (partons) It. The correapcmding,toduction vertex v 

;. chataCteriSed\yacoupJlpS A. . 

1.lMIep"deJlet.·of,p.;,EtrQral.resho~n for -.lUI extrapolated. to. 2 TeV'and40,TeV 
frolDret . (221). ' .,' ' 

8.. ~d~aceofthetoltel~ionlengtl\ e. ~ot8_aresh.~JltOrY&1u. ~trap.~ 
W$1'eV.aad 40TeV c (from ret.,{~). 

~ "',~ . ",.. ;... . 

.'9. .. ~ai;8' .oC< .ft .>,..••... Experim,atal'da.ta· .aDo.. _.dia,monds;extrapola.tioDs 
.. ate I~.· ~. uteJUb; extf&polati011a acconUnc to tb~ q\1ad~c expression in 1ft, 
..~a ill ~u&ttf(rr0l1t ~. '.lUJ). 

lO~'~~ceo{llotm~iniijalm:Ol\l~lltsC, ofthe~ed ftlt\ltipUcitydi,tributi01l 
. {or.q.',~:.;;5. Symbol• ..-e tha •.a.me aabt Fig. q (from~. (22}). '. 

~ " '::~-, :?;. ~ ,,' " . - >'. ' . ; . - ,.' , ',_. . ',' '. -.• ' 
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