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g Thc sttaf.egy conslsts mf mtroducxng a few cha,mctemﬁc quantmes and m:p C all
~ ,observables, in- part;cular fluctuations of multxplmms, in terms of these paramete
" By comparing 1 ‘with experiment the pheno menological laws of mnltxpartlde namics
are derived. Quantum statistics is ‘used to define these characteristic quantmes “They

. are (bamdes the mean mu}taplmt}') the chaotxczty p and the correlauon length £.
y t.urns out t}mt both p and 6 mcrcase wrth energy O o)

1 .'Intraductlon |

umpartmle productxon is one of the most chara.cteusm propertnes of stxong” terac-
“tions becanse it reflects the strong couphng nature of the underlying field theury ‘which is
‘kmed to be quantum chromodynmucs (QCD). A theoretical approach to ¢! chapt
hysxcs must_be. phenomenologxcal not only beca.use QCE can be appli Qiﬁ!' in
e perturba.twe regxme but primarily beca.use of the very nature of the prob ¢ ﬂ
mvolves very. mamy degrees of freedom The sttuation m analagous tn conden

i 'trmsxc quahty ofit..

5i '”,a,ny phenomenology, the stra.tegy is to ﬁnd a {ew xmportant physxcal qk




 , around these. quantmes on the other. These ﬂm:tuatwns ate descnbed by dxstnbutions L RN ERR ,‘ ,-' 2 Q“m“m Statlsﬁcal APpl‘O&Ch to Correlatlons and F ll:IC- g

v, 7 like the oultiplicity dmtri!mtion P(n) orenergy (inelastmty) dutnbunon x(K ), K bemg S tuanom Of Coherent and Chaotlc erl ds
- the inelasticity. - B O

s Fluctua.:iaimm. of conm,aqmtegenenl p!mnomenon observed in many d:ﬁerent chap:ers‘ T T AR There a,re two extmnes in the Qs appma,dl m f “M “
", of ‘physics d much experience and knowledge has been accumulated so faron this ~~ . . coherent fields 7. and “disorder” represented by chauotnc ﬁel?:x order" nprem;

_subject. ‘1t then clear that any -attempt to.describe nmltq)artmla dynmm has to S o f,_m Optiu, all ﬁddt *(r) caa be repmented by aﬁnear mpmmmnl;mmmmﬂ
" gse this] ge,lﬁtmtstomdreymhon‘ e RTINS PR S : o :
A particularly simple and powemd method for the descnptm of ﬂuctuatxom is repremxted : : S S ,) = (v) + m‘ (9)
Dby qmtum ‘statistics and is based on the density matrix approach. In this approach o , : n’ ars S ble SRR
- fluctuations are related to directly observable correlations. This method lies also at the. . . - R a:;p:u reasc:na t0 assume, as is done in most appht;ationn dzscussed below that the
"> basis of quantum optics including laser physics and it will be shown in the following . is discn P:;pom ion principle holds also in multiparticle production. An exception to'this
. that it can provide an economical and dsaful dumptzon also for phenomena observed in S ssed in section 4.5. y stands for several varigbles which characterizs the field, sither
o mntﬁparticle dynamics. - . R E ;;; mon:;mum or ‘configuration space. The difference between chaotic. and whergm fields
.’ "As to the mean quantities, here, too, expemnca from other fields s available and has o [ tesin fhe m"dm"‘“ of ﬂ‘m ﬁ"m’ Tims for «haotic ﬁ,glds we: have
. been used. In particulr hydrodynamics and statistical thermodyniamics may providea . - 0 oo 0
framework for the description of these quantities in terms of temperature, which ints =~ Lo 00 ‘ m.(m)m(w) >== Tr [P*’(n)*(?z)j

turn is related by an equation of state to the energy of:}'e system. Ifhydr;:ynma W e R wkmfzs the corelation length is in y space. . :
‘pot applicable, then either other ‘more invoived theoretical methods have to appliedor. oo w0 U B {3) expresses stationarity of the (chaot] S
‘one Just uses the experimental mean values. This last approach is used in the following. S s L variebley, then anothermgbie in t(ems o;i&dﬂ(aﬁitcmw&tx o ;:U“igﬁadm the e
The dutnbnum vﬂuch dm:nbe zheﬂuctnatinnsm be denved from the tlenmy nmnx LT ih simplest procedure in this case is to “avers e” out thé nons o M'df“‘ Tke S
T e o : Lt s to consider natrow encugh gy ~.y] intervals (ef. bel '

R ::",Forcohwantﬁelda on the other hand, mm&f » w)

: o <nma}‘_ R ‘[(1)'7;*{;' S
T tarns oui &Im tmder mtaaq dmmmm the' pumtnaﬁon of ;he dewty matrix
is eagdu than that of other fundamental quantities like the S matrix and this explains the -
; de applications the damty matrix approach (ie. the quantum ‘statistical apptm.dx) has
m& among other things in ‘optics. For Rkaucalpmidu this formalism can be taken .
‘over Tato Nadton ‘miltiparticle production provided the energies are high’ enaugh 0 that
thrmmclpuﬂtlumlmmﬁmlwxmbemm
.An important tool in this approuch Is the coherent state formalism whch is puuculady_ S
‘wseful when coherence effects are present. Such coberence effscts which, up to a certain
‘point, correspand tochuim%ﬁeldl zud/orobudm&umtia pmentthmnesctpamclew S0y
physics, although the experimental evidence for these effects is still disputed, A program
for maltiparticle dynamics based on the shove ideas was outlined in ref. {1] where effects, .
characteristic for this type of qusrouh were predictad.  Somie of these effects were later .
‘fmmi exyeﬁmzal!y, othm stm mt thelr mﬁtmtwu, in pwcuh.r 3 mors dmct s

k?udthaindmaeudcbrefalocowm ckaox‘ deﬁam!a.bwe
- Thedistribution P, of rather its moments can be e !
’ Innctum 'I‘hns e.g. the, second fa.ctoﬁd mament
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puﬁds on:dum t’nnction

ldwalopmtaia msﬁddmce 1983 At*mkm.mquiunewﬁd'm“smli Chel

o 'emcrgadm zhia short period

o ;~_3 ‘ Cbrrelations of zdentxcalkbosons

‘ ﬁose-Einstein Correlatmns (BEC)

, “3.1 Snmrisel due to ﬂm :pace.tlme approach m quantum ntatutxca =

: f'rhe mﬁm ipptolch ‘bas certain advmagu as compared with the momentum (rapi- L
dity) approach because it does not assime stationarity i momentum space but ratherin
vmngumwn space which is expected always to bold, as long as 12y - 23] < R. )!m %
&m mﬁmm&m md Ris the rachua (ﬁ&tim)ofthe squrce. We wme thns_ AN

* mrrehm fm tkeﬁeld:

g‘(g,): (#2) > = 6,.,, C(z;~zg), - :#,ac 1,2, 3
4:;:x = :,) = C(O)pr {-»(:1 - :z)uzi-» (fi - sa)’/L‘}

MQML kndwthnthamaﬁmlengthz ”M”d*bm,nd, tﬂ'?:if“
’ m ‘mwm"‘hmm‘m‘m"mﬁ in eq. {3) Whichnten mdly, o

Eqs (15) mm afow “surprises”:

S ~al|o(14)dounotmh “This is at % first look surprising because in the assumption of
i7 - stationarity in-momentum space, (14») wotld vanish. This axplicitly proves that this Iast -
~asamptmn cannot. hold in geueral and it la.ds to obsernble, althoughﬁnnﬂ xw eﬁm

S Indaed from . (13}(15) fouom e

et c**(k,.kz)= mduz’ ;G (R, k«:)clﬂini’
: t:c-¢=c+°(:e, ka) = 15 ‘02"(&,,&:) ==1+idul'+tdn S ey

e :_Hm +, ,0 refe: to posmve. negmn and nentml plons a.nd n’,,, d,, are’ t!\z aormaiked -

- Fhk) ie F(k, k)
{F(?cf,k,)f'(lr..k.)]g o (f‘(k,,h,)p(k.,k.}}é

< The (BEC) for katical chirgad pions s difersnt from thme of mwm. ,
. MMNM&:C“R3WM¢HMC”=2* o E . . »

L 'c Thm axistc a QS cerrdatm C”‘ betmn pmﬁve snd naptwe puons. f >;

. 'Withthewmanmmns(lo),(izim xme

L Kere Roia thg hfetxme of the mnm afmi&sk :
" Tt resulte that the “new™ terms d,, are in genetal éuppressed as compared with the “oid”
o aonad,.mdthnhcmppmﬁmmhwmﬁymeomebrn&mTkeimporm«
omnmmmi!iuiachefm:m{:}theypmtmmmhrmmm<u

ie. ‘squeezing (3] in the same way as terms of the form < o > Tepresent single pazticl
eoherent smu;w)theypmnupl%mly that Bose-Elastéin correlations are more complex
than would b«me;m&m thammhxymtﬁuﬂ wave fanction approach which
don nat. ledd to particle-antiparticle correlations; (iii) the normalisation’ progedure in -
; ' vhich mm«imﬁ B!Cﬂudiuhutobewdlﬁdh»ﬂ




‘fAnmbet consqume of the' space-time approach (eq (18)) is the fact that it pwvides a. pE Eq (20} conmns the new elemems mentxoned above Thete $re Wp exponentials which
clear relstion between the correlation length L and the geometrical radius R. Furthermore S 7. differ by a factor of 2 and the weights of which are in the ratio Zp(ﬂ){l p(ﬂ))]p’(ﬂ)
. Appears um (BEC) do not measure R (u wu thought %o far) but rather a c:ombmatmn CTw LU LU L The radins and the cotrelation length-appear again in the combination r3 and, last but
SRR S S . R S T " - not least, the first axponential; which containsthe interferance between. thc cohejent field

v ‘ ) ‘ ‘ (1 wp((l)) lnd the d).aouc ﬁeld p(i)) i' muhiphed by a luppmnon fmtor esp(-» %(k;"q»kg)ri

R T ,
8y --—*—-w; EEEEI 19 S .
' 2= R+l ol ( ), REEA T P o 3.2 Multtphc:ty dependence of 1BEC due to qumtum statmtnca! con-
s di aae;l above refer to’ cluotic fields. In the presence. ofcohemm:e mpplem,en U PR straints [ T , i
i'_pum" émetge. Tndeed it can be shown that the presence of coherence manifests , o

v » <. ... Another apphca.tlon of QS te BEC lies in- the depeﬁéence of. BEC on the mﬁh&pﬁdty {8]
::};; u;;c ;:Ii, thmgl\ the mod:ﬁcauon of the mtercept Cz(O) but also in the depeudence ‘ ... . Asis well known, the operators for the field (Intensity) and. number of particles do not
Bk il A B LR S SR Tmsmeanxthztmeuummhof“tme’BECmbepexfome&onlyw‘,
 While aimost all expenmenul studies befom 1989 wnsxdered an one expomtw} stmcture e commate. den
~of Oy and ‘tried to estimate the chaoticity by extrapolating C; to the origin, QSinfact R no restriction on the multiplicity n, which' fluctuates from event Yo event, is made. In

predicts in the presénce of coberencea two-exponential structure, the two éxporients being -

irelated in a-very definite way. This result had in fact been pointed out already in 1978

y Biyajina, Miyamura, Nakai {4] but its relevance for' the experimental determination
f'chaoticity was emphasized .only uch later [5]. Its practical importance lies among =

other things'in the fact that the determination of the intercept C3(0) is hampered by

“the experimental dii!'m:lty of measuring very small values of |£; — kz|. The e two-exponent -

- structure shifts in part the burden of measurements to larger values of 11:; = k), whers -

hese difficulties are p:eseuMo a lesser degree. The first experimental a,ttempt to detect” . ..o
the mmm ﬁrm:tmhas been reported in reI, {6} Became of the Timited statistics, A,‘jj R

. practice, however, such restrictions are imposed, either simply baemse to n;mre a
i identical ‘particle corrélation; one has to select” ‘events with- g ' .
. or because of theoretical prejudices (centrality). This introduce
.. estimated in {8} and we refer the reader to this refe:ence for
) ,;’hereonly some oftht; mults (cf Fig 1) N,

' 4.1 Rapadity dependeuce - “Beta” Bctﬁns

. Oneofthe straightforward’ manqmw of QS appkeﬂ to mnlupﬁd‘*! distributions %
"o the prediction contained already in- {1} of the broadening of F, with the écmm,ofth_
“width of the (symmetric) tapidity window 8y. The surprise connected with the dimw of
" ‘this effect in subsequent experiments at the CERN collider by the UA-5 collaboratio:
- just due to the fact that the QS result was practically unknown to the high m PW
© " community and new attempts to interpret it were obviously condemped to- repetition
o dd daimloaa, Tideed d, the ohsewed mminy dependenea fdlow fmm the &epa\denca

} f..

vy L

)

' ticle dynmﬂta almuiy in my is ,th‘
"bet of hﬂependmt chargs ¢ states and f
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> B" = (éy)" H/‘ dy)"’(’h”) 1(3"1-")7(’!0”1) & ‘) {24), kS :
=1 o0 o
w)' I [ am(n m) m.-l,y,) e

: whm the Iunctiona 1 are deﬁned by =q. (3)
. Eq. (28) assumes stationartity in y and it is understood tha.t the other vanables (3.54 pr)
" are averaged out. Eq. (23) reduces for p = 1 and =0 to
e L B 37 (v~ 1)}/p' ! which is the negative binomial result, while for p=
ftr = 0,7 = 2 we get the Poisson distribution. We see thus that the ney,twe hmormal
(n.b.) . distribution, which made headlines in the mxd-enghtnes is a particular case of the
. distribution (23) put forward i 1978. Moreoever the QS formalism appears superior to
" _tha.n.b. approach not only because it is more general but also ‘becuuse the theoretically
" 'mot, understood Sy dependence of the n.b. parameter k has a very clear and definite
" mesning in QS being just & manifestation of the two-particle correlations 7 which enter
- the functions B (linked-pair correlations) and (ﬁ) (ring-pair correlations).
" Apasticular case of the rapidity dependence of i, is the forward-backward (F-B) comlatmm

" It conld be shown [9] that a consistent description of the expetimental data of hadronic, -
semihadronic and e ¢~ -reactions mvolvingboth the dy dependence and the F-B correlation

s pomblewmuu this QS fmne

42 Quaatnm statistics and. mtermmency

-five years a testing ground for another interesting phenomenon, namely intermittency {10].
e Intermitmey htds toa 9ower law dependence ol the uormah;ed futonal moments

| o  =Rf<n> @)
o jwh«euasanmnuumg functwno{r. Thete are related to the fu:toml cumulum B byj
"_‘therehtion : coel ‘ . L _

" which is to be understood as an smmy fa s, cmn the fact that QS pummqunsmiveiy' '

mrces, pis'the d\-.ondty (the momentnxn dependencc of P is not cons:dered here) a.nd“’f -
B B ave analytica functions of § ~ §y/¢. The form of B, B determines the 8y dependence
of g and the Mx/lwtpdoesnot depmdandg udfupunwybutratlmonﬁ wucalled

" note that eq.: {24) assumes among other things: (i) identical particles, (ii) stationatity -

. performed, referred to chsrged ‘particles and the condition of stationarity was folfilled - :
~ only for the p-p data in the very central region.” Nevertheless, as can be judged from

_ intermittency slopes for identical particles a;4 should be twice as large as those for charged
_.ones ag,. Experimental data-on the other hand showed that-ayy = ag. This apparent
failure of the QS mterpretatxon of the mterxmttency data may have several exphnanom -

7 £ i¢, for reasons not yet understood, absent in the multiplicity data. ‘However, before
" reaching this condus:on, other more conventmnai expluatxons hnve to be consxdeteﬂ o

: i(u) there exist oorrehtlons due to stmng interactions beween the gg pa.rtm]es (pions)
* which are similar to those between identical particles. This theoretical possibility was

.+ - that the effective negative binomial parameter for charged deta. kd. is relned to the
- eﬂ'ective k of identlcal p:rtide data kg by the relation

The n;ﬂd:ty dependeau of moments of multiplicity dmtnbutiom has become in the la.st: :

mhu than the naive expectmoa kg. 2k;; which assumes mdggﬁden danrges. Support g
» in the uxt mﬁon

() the quantum statistical cormlauons between t" s and x~ s\discumd in section 31 s
L (rel‘ {2)) mntnbute to tl\e mtermittem.y elfe:t ud thus the naive expectatwn -

“the saine behaviour as that mtunedin(%).i.e.adecmu wit™ 8y whick becomes mnre'»'k,}
- “promounced the highwtumfdthamm,atmimmgmched wp towhich e T s
jyom!tllewndlctwmonSudinhnmthncycoimide. 1t s cleas, however, t!aufmmy» At A

small valnec of 3y egs. -(26) and (24) must dxifet becanse . contains'a ﬁmte sealé m;' "

b _rapidity, £, while (26) assumes the absence of such a scale. The pres¢nce of an ultimate e
. -scale leads to a saturation of In®, as a function of ~inby (cf. Figs. 2,3). In ref. R
Lw mmpntimd the prediction of QS represented by eq. {24) and data was performed:

for_hadronic aad muclear reactions.. Bsfore discussing these results it is important ta
in rapidity. On ihe other hand the data available in 1988, when this mmyaﬂ-on was

Figs. 2,3, the agreement between eq. (23) aad data is good, including the tendency of o

. saturation. This was the first conventional axplmaﬂon of the mtermittnnq effect, and -
*'it-was substantiated further in [12] where the importance of a three-dimepsional analysis

was emphasized. However, in {12] an apparently obvious “test” of the Qs mechanism ia .
intermittency was. proposed and this test turned out to be negative, The test muma S
that the QS mechanism is based entirely on Bose-Einstein correlations and therefore the

(1) it could mean that the mte/muttency phenomenon is real and that the hadromc scale - i

thhm the QS Ira.mework These are:

discussed already in ref. [3] in connection with the observation by the Na22 collabo:

ka.—ék.. e .“:;:J(’za}
for this possibility comes fromaneeatmmtigumby Shik B 1] which wmbeduenma*f

el

e

g = 2000, S (29) :

= j' = ﬂou not hold Imhcatwm in this d:rectnon tome ﬁom the ebsem%mn that the mmmxttncy
- effect is strongly enhanced for soft pions {14] where also the QS z*x~ correlstioa s .

aalunead. A qua.ntitatm ‘quhgmou of this pmbility is under \vay {15}
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_ .a Chargé correlatxom and quantum stat;st;ca ) , .
B e Thc diﬁ'erem bctween quantum ata:miuu &pphed to opucs and that speciﬁc for mnm-

entioned jg the precadmg section the importance of this effect in the QS interpretation
this’ mb‘lem -due to Shik {13] which could serve ss an explanation why despite the

. are nevertheless similar to those of identical particles.

igcter mul:npiying the m!mpmding oorrelmom One extends ‘thus eq. (3) by wntmg

" 'oply one parameter more than in the cese of identical particles, namely the specific

e ... tharge-correlation. stréngth A, and surprisingly enough it appears sufficient to describe S
s n tbe available intermittenty data, both for-charged and identical data. This is seen in Fig. RS

- "4.-The {act that the parameter A turas out to.be much larger than unity confirms the
L mmian that charge correlations are much stronger than jdentical particle correlations.

.. Glven the simplicity of the above ansats, tkephemmmdu@w success of fitting beth
‘charged ‘and identical data within the same QS formalism, with only 3 parameters (p, £, 4)

¥y can tse nnderstood without mvohng the nntmmuency eowmm.

- 4 ‘4,4 'I‘hree dimcnatonai andysu and non-shtmnary eﬂecis

B - {12] aad in {1 7] as well as in all subsequent expaummd studies (cf. & 8- this voinmn)

“to ﬂmm central region. Moreover, it is only necessary condition for stationarity as can

- asalysis of the sultiplicity data mbm perfmmed fn. mf, {wj
'One generalizes eq. ﬂu

" particle dynamics Jies in the nature of strong interactions. One of the consequences of R
- gtrong interactions is the existence of charge correlations due e.g. ‘to resonances. . We -

of mnlupm distributions. In_this section we shall briefly outline an approach to. ~
* ‘existénce of strong charge correlations, the multiplicity distributions of charged pamdes !

_The idea conuists in trying to parametrize the charged field correlatiofis in the same way.
- an the identical field chaotic correlations, the differerice being concentrated in” ¢ stzength PREE

r(h ﬁ,ﬁ‘"‘} I'(vx'Yzy‘H') = —I‘(n,h.+ } I‘oexp("fm ﬂzl/f) (39)

, Tha thy pand the correlation length £ afe assumed to be the same for d\uged and
identical particles. This is one of the simplest possible generalizations of QS, demanding -

is quite remarkable and suggests that the quoted multiplicity data, at least in one dimension L

- Purtherniore the role of the stationarity assumption in rapidity in the QS approach had o
/. been reafized from the very beginning {1)- The only support for this assumption lies in the
*_presimed fataess of the rapidity distributions. As a matter of fact this flataess is réstricted

. be readilyseen from eq. {3) which correlates two points 31, Ja, rather than referring only
“to the particulas case gy = yr which enters the rapidity distribution. A first investigation. oo
* " of the role of a thmdimmnd uslyah and of the smmmw ummpuon in tho QS R

R

e whene B,.. are the expressions {24),(25) and Br,,ﬁr.. are tbe correspondmg |ntegrﬂs inv :
Pr space. 77 is exther parametnze& by & Gaman : .

or an exponential

. The d:ﬁ'erences between these two ‘forms appear to bo mﬂl in applmaﬁom A iutther,v

' rapidity. - This problem has two ‘aspscts: (i) the change of mnitiplicxty distribution wit

- formalism (23) To account for (ii) two approaches were used. “The first interpreted
- the effect (ii) in terms of two independent sources, one comple%éy goherent and anoth
~ comipletely chaotic. A discussion of this mechanism -will be given in the next. section. -

- The otlm l.pprbld.l utempts o :lesmbe this effect: agam by i linear it

Tbn depundenm o:‘ the chwtxmy ‘on npxdxty reﬂects the fact mentmxoé above tlm

. cular it is known that in the center the distribution is broader ¥ v This is
~." " also reflectad by the forward-backward cotrelation. As to the rapiﬁty tribusi
. it s taken from experiment, considering the deviations from the platean. After comparing
- “this generalized QS formalism with data, one finds [18] that the generatized QS formalisin
- leads to a “Yrenormalization” of the parameter p and £ In particular sn increase ofp
- anda slxght decrense of £ is obmned, s tompared with the one dimensional; statiouty
.. formalism. Agreement with the data for :dennul pamcles of thp Na’.'z eo'llabom:on "
Lo fsamfactoryumhnaemfmm?g 5

‘4 5 Two-compomt upprnach to multaplicity dwtribuuon

with th ‘poamaa of the’ rapidity window was given [19] in terms of two. indcpen&ant‘
#ources, br mmtrmdhﬁmcq&era&mhﬁymcdmbedby uegative _

Eq (23) retains its form but the iunctinu B, E of eqs (24),(25) are replu:ed by o

8,.,.8,,13;-,,: 3,: ,,37, "(32)«

‘ ’n'~°xp( lﬁn—'ml’/ﬁ) e

oy~ expl—1Fra - .1!!&\) oy
generalization of the QS treatment performed in (18] refers to non-stationary processes in

the change of the width by of the symmetric rapidity window, {ii) the change of P(r) with
the shift of the rapidity window. Property (i) is already & consequence ‘of the’ nmphﬁg&

multiplicity dumbumm thange their shape when shifting the r zy wlndw. In parti-

0 dnfdy

As moueﬁ ln the previon: éection, an alternative interputanoa of the nhaage:of P )
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: Z7 “fonetion of 2 suggesting a bremutmhlung fike mechanism while ny appeared as a mich
v stronger function (s7/4) consistent with the expectations of the Landau hydrodynamical
e model.’ This consequence illustrates quite cloarly the double-prong strategy outlined in

the introduction for a description of fluctuations via QS on the one hand, and mean values o
via a hydrodynamical model on the' othet Given the possible important implications of -

this result a more’ migroscopic dexivat:on of the two camponent model sketched above

‘ hrandxmg equa;tion

:.;‘

““13.;}"(’,5,@“}:’): p0[P(fa ~ 1, ;1) — Plna, ms; )]

#

o+

: . <o \ ’%" AK”""I)P{%’“G‘I t)’“bﬂp{‘ﬂvﬂht)}
i whmp.,)\g,.\mpmdu:ﬁoa ratasmthemtervalit(cf F’q 6)

,‘5 Conclusmna

- Energy depeudence of mnlhphcxty dzstubutmns in the
. quantnm stat&stxeal approach

. As statea in the mtrodnchon one of the main goals of the strategy cmﬁmed in tlus review
‘.. is %o determine from experimens the “laws” which govern mwlitiparticle dynamies, f6.,7 = 77

‘ .tbeemrgy dependucenftbeman physical observables. The choice of these observablées .~ . .
"'is dictated by very general considerations based on Q3. In particular in our case these o

S ;obmvahiesfqudwtxcdpamduuememmmmipﬁdty < n >, the chaoticity pand . .~
.. the correlation length L (£). The implementation of such a program ls unfortusately =

- hmpered st present for hadronic reactions by the absence of data for identical particles

- st highet energies. . The only available data for both charged and identical particles is

(i) as this (rather low) energy both. «charged and identical data can be dmnbed by the
.V QY formalism, the difference between charged and identical data iuing taken care of by
" the specific charge correlation parameter A (cf. eq. (32)); (ii) the charged data can be

* - presented below.  Given the necessasil; ‘-‘ﬁ,mlmﬁaw character of such. a study, due to:

< The: rma'bbl&wtmme of the comparison of the W of thia msatz with'data
' ~at various emergies was that the mean multiplicity ny emerged as a slow (logarithmic) -

‘appeared desirable. Such | a denvat;on was gnven in xef [21} in terms of a stochaatw o

Ao{P(n,,m 1“!) - P(ng,n5;t)] - .  (37) ~‘/> :

" due to the Na2? collaboration at /5 = 22 GeV. On the other hand we have seen that - o ;F‘g‘"" captm“s

. described at all energies available (up to /5 = 900GeV) with the same QS formalisea. This D
. enepuraged us to study’ !hemmd@eudmdmdwmndemoﬂucﬁm»reﬁeﬂdh*? A
" the multiplicity distributions by the QS formalism and the results of this study will be

“theﬁ;bmme a{«lamwal mwhdm wehawmdecnd iaaﬁ:sttppxowmtimx tﬁe

P mnec'ma fom m—nta.tnoumty and three-d:mntmal hnmatm 'I’hu almxmplia thp.t T
" the’correlations are defined in rapidity space (#q.{3)) and not in conﬁguraﬁvam o
. Another aspect of the energy dependence s related to the fact. thl: most mtﬂt:phntym R
. “refer to Yhe-central rapidity region. It.is known that ju this region the inelasticity X is =
kalso anergy dzpendent. This means’ that the emx;y ;miuble ﬁzmpuhde pmductxon o

whxd\ de%ennmes the obszmbies <n>,plisa rathet mvoived l'unction o( J‘ '!'.‘hu ﬁct‘::: :
was taken into account in the analysis of the data.

The results of this analysis [22] are contained in the Figures (7'9) whm the three chm:
. teristic quantities are represented as a function of 5. In these figures. predxcm fu"

Tevatron and.$SC energies are also made. Besides the previously known Increase of the

" mean multiplicity < n > with s, the remarkable feature of these results'is that both
“the rapidity correlation length £ and the chaoticity p increase quite substantially with = -

5. The absolute values of p as given in Fig::7 dte, of course, not realistic because the
pr dependence was not considered (cf. section 4.4)." This omission amounts to the fact”

that the p valnes of Fig. 7 are strongly underestimated, They have to be “renormalized”

- by a factor of order 2. Nevertheless we beliéve that themralladapendence is correct :
- and reflects ‘the broadening with s of the multiplicity distribution (deviation from KNO -

scalmg) It appears that at low (/2 = 22GeV)_energies, at least the chaoticity p << 1,

" L.e. there is an appreciable amount of coherence, This conclusion, whick-follows from the -
analysis of multiplicity data is consistent with the results of Bose-Einstein correlations

- obtained with the same Na22 data, although the interpretation of BEC still guffers from

. thany ambiguities.One of the main tasks for fature theoretical and experimental work is .

the elucidation of the role of enharence in Bos&Einstem cnmhtmnn and a mo:é detuhd‘f” .

. joint analysis of multiplicity and BEC data.

Since the chaoticity is an order parameter limited, by deﬁmtum fmm abm by 1,Fig. 7

* . gives an indication at what energy the distribution will become completely chaotic sad :
* beyond which the present trend will ‘have to change (Tl:e energy at wlnch p mxhe: Rs" f
*mmmm cortesptmds toa phase traasition. } ,

o bThas wnrk was suppmted in part by the F!dezd M'nistefuf Rmch md Techndng
: uader the coutract numher 06 MR 713 a.nd Deumhe !"bmhungsmmmchaﬁ o

.

1 Second ordetBECuafunmonofg, }m n}hapu&y’chwﬁcdkﬁibuﬁm D

“{p = 1). The puccessive daskied curves represent the Analym:ﬂ result of the ubmed

- correlation function 25 given by QS [5]. In Fig. -1a the data points represent the - R

%mmmmwhumhmsm&ww»mudw&mwh  :’- ~"
S ;Zghnwawgmm?nﬁnm resulis nre preseatedin L.V, mm..aa.u Waiwt
: mwnnmxm eds, &wn,n‘mm Woﬂd&u&u’k.p_ s T :
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e renulta of a Monte Carlo slmn!atlon mthmat any bias on ». The otker parts of Pig
1 represent the results of the MC simulation with various ﬁxzd n.u.,. (from ref. [8).

L ) 2. Neo ’ﬁ zod me,,ﬂ m.omants &g of ordgr g in finite (pseado) npidny wmdom of
e 5m4tm centered around yous = 0, plotted against §y or &y (pleudonpldity) for :

gl indicated next to the curves. These have been computed using eq.. (23)
with: 1) p = 0.64 30d £ = 40 snd (b) p = 0.32 and € = 10 (from ref. [11)).

5 (ﬂ) The order ¢ is indicated next to the curves. These have been computed using’

p

by (14l < 6y/2): (from rel. {13]). Dashed curves: € =2,p= 0.17,€ = 0.70, Solid
_carves: C = 3.5,p = 0. 11,§ = 0.85. Data points are expmmental vnlnu obtamed
by the Hﬂz edlaborauon . '

{from ref, {18}1

mmm by a couphng A
o fromref. [22)).

- 0.2 TeV and 40 ’IW (from ref. {221)

are. lkmvn In squmm (ﬁom ref, [22}) .

forg= i05. Symbola ue the same asin Fxg 9 (from ref. {22})
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