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BOSE�EINSTEIN CORRELATIONS AS REFLECTIONOF CORRELATIONS OF FLUCTUATIONSO.V. Utyuzh, G. WilkAndrzej Soªtan Institute for Nu
lear StudiesHo»a 69, 00-681 Warsaw, PolandandZ. Wªodar
zykInstitute of Physi
s, �wi�tokrzyska A
ademy�wi�tokrzyska 15, 25-405 Kiel
e, Poland(Re
eived May 16, 2002)Dedi
ated to Stefan Pokorski on his 60th birthdayBose�Einstein 
orrelations (BEC) observed between identi
al bosonsprodu
ed in high energy multiparti
le 
ollisions are regarded as very im-portant tool in investigations of multiparti
le produ
tion pro
esses. Wepresent here their sto
hasti
 feature stressing the fa
t that they 
an be re-garded as a re�e
tion of 
orrelations of �u
tuations present in hadronizingsystem. We show in parti
ular that su
h approa
h allows for simple model-ing of BEC in numeri
al event generators used to des
ribe the multiparti
leprodu
tion pro
esses at high energy 
ollisions.PACS numbers: 25.75.Gz, 12.40.Ee, 03.65.�w1. Introdu
tionBose�Einstein Correlations (BEC) between identi
al bosons are sin
elong time re
ognized as very important tool in sear
hing for dynami
s ofmultiparti
le produ
tion pro
esses be
ause of their ability to provide thespa
e�time information about them [1℄. This is parti
ularly important forheavy ion 
ollisions whi
h are expe
ted to provide us with the new stateof matter, the Quark Gluon Plasma (QGP) [2℄. However, be
ause of their
omplexity, all these pro
esses 
an be investigated only by numeri
al model-ing methods using di�erent sorts of Monte Carlo (MC) event generators [3℄.Their a priori probabilisti
 stru
ture prevents o

urring of genuine BEC(2681)
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zykwhi
h are of purely quantum statisti
al origin. The best one 
an do is tomodel BEC by 
hanging the outputs of these generators in su
h a way asto reprodu
e the 
hara
teristi
 signals of BEC obtained experimentally. Inthe most widely investigated 
ase of 2-parti
le BEC it is the fa
t that two-parti
le 
orrelation fun
tionC2(Q = jpi � pjj) = N2(pi; pj)N1(pi)N1(pj) (1)de�ned as ratio of the two-parti
le distributions to the produ
t of single-parti
le distributions in
reases towards C2 = 2 when Q approa
hes zero.2. More about BEC2.1. BEC � spa
e�time approa
hThere are two possible approa
hes towards BEC. The �rst stresses theirspa
e�time features and is based on the symmetrization of the respe
tivemultiparti
le wave fun
tion [1℄ expressed by plain waves1, e�ikx, represent-ing the produ
ed parti
les. After symmetrization (and squaring) one getsthe respe
tive many-parti
le produ
tion rates depending on 
ombination ofvariables of the type: (ki � kj)(xi � xj). To get C2 as given by Eq. (1),one has to integrate them, with some assumed weight fun
tion �(x1; x2; : : :),over unmeasured spa
e�time positions fxig of the produ
tion points. Thedistribution �(x1; x2; : : : ; ) is 
ustomarily assumed to be separable in termsof single parti
le distributions �i(xi) = �(x) and in this way the informationon the spa
e�time distribution of points of produ
tion of �nally observedparti
les enters here. It 
an be then show that, under some assumptions [1℄,C2(Q) = 1 + ����Z dx�(x)eiQx����2 = 1+ j ~�(Q) j2 ; (2)i.e., C2(Q) 
an be regarded as a (kind of) Fourier transform of the spa
e�time dimensions of the emitting sour
e2. So far this approa
h is dominatingin what 
on
erns des
ription of BEC.1 This is idealization negle
ting both the possible �nal state and Coulomb intera
tionsin
lusion of whi
h is possible by a suitable modi�
ations of these plane waves. Weshall not dis
uss it here.2 A
tually, after 
loser inspe
tion [4℄ it turns out that one rather gets in this waya Fourier transform of the distributions of two-parti
le separations (or 
orrelationlengths [1℄).
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tion of Correlations of Flu
tuations 26832.2. BEC � quantum-statisti
al approa
hThe se
ond approa
h is based on observation that one en
ounters similar
orrelations in quantum opti
s [5℄ where they are known as the so 
alledHBT e�e
t. They are des
ribed there as arising be
ause of 
orrelations ofsome spe
i�
 �u
tuations present in physi
al systems 
onsidered (known asphoton bun
hing e�e
t [5℄). Following [4,6℄ one 
an apply su
h possibility todes
ription of hadronizing sour
es as well. Be
ausehn1n2i = hn1ihn2i+h(n1 � hn1i) (n2 � hn2i)i = hn1ihn2i+��(n1)�(n2) (3)(where �(n) is dispersion of the multipli
ity distribution P (n) and � is the
orrelation 
oe�
ient depending on the type of parti
les produ
ed: � =+1;�1; 0 for bosons, fermions and Boltzmann statisti
s, respe
tively) one
an write two-parti
le 
orrelation fun
tion (1) in terms of the above 
ovari-an
es (3) stressing therefore its sto
hasti
 
hara
ter:C2(Q = jpi � pjj) = hni (pi)nj (pj)ihni (pi)ihnj (pj)i = 1 + � � (ni)hni (pi)i � (nj)hnj (pj)i : (4)It means therefore that C2(Q) 
an be regarded as being a measure of 
or-relation of �u
tuations. This fa
t has been used for numeri
al modelingof BEC in [7℄ where a spe
ial MC generator, based on appli
ation of in-formation theory, was 
onstru
ted for this purpose. In it the identi
al pi-ons produ
ed in a given event were bun
hed on a maximal possible way(restri
ted only by 
onservation laws 
onstraints) in a limited number ofelementary emitting 
ells of phase spa
e a

ording to Bose�Einstein distri-bution, P (Ei) � exp [ni (��Ei) =T ℄ (ni is their multipli
ity and Ei are theirenergies)3, with size (in rapidity, as only one dimensional phase spa
e was
onsidered) given by parameter Æy. It turns out that in this approa
h onegets at the same time both the 
orre
t BEC pattern (i.e., 
orrelations) and�u
tuations (as 
hara
terized by the observed intermitten
y pattern) [7℄.This is very strong advantage of this model, whi
h is so far the only ex-ample of hadronization model, in whi
h Bose�Einstein statisti
s is not onlyin
luded from the very beginning on a single event level, but it is also prop-erly used in getting the �nal se
ondaries. In all other approa
hes [9�12℄ atleast one of the above elements is missing. The short
oming of method [7℄ arenumeri
al di�
ulties to keep the energy-momentum 
onservation as exa
tas possible and its limitation to the spe
i�
 event generator only.3 Values of two Lagrange multipliers, T and �, were �xed by the energy-momentumand 
harge 
onservation 
onstraints, respe
tively. Su
h distribution represents typi
alexample of nonstatisti
al �u
tuations present in the hadronizing sour
e. Similar
on
ept of elementary emitting 
ells has been also proposed in [8℄.
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zyk2.3. Existing methods of numeri
al modeling of BECIn all other approa
hes the e�e
t of BEC is obtained by a suitable 
hang-ing the original output of MC generators used and introdu
ing this way(more or less arti�
ially) desired bun
hing in the phase-spa
e of the �nallyprodu
ed identi
al parti
les [9, 10℄4. This is a
hieved either by (a) shifting(in ea
h event) momenta of adja
ent like-
harged parti
les in su
h a wayas to get desired C2(Q) [9℄ (one has to 
orre
t afterwards for the energy-momentum imbalan
e introdu
ed this way), or by (b) s
reening all eventsobtained from a parti
ular MC generator against the possible amount ofbun
hing they are already showing and 
ounting them as many times asne
essary to get desirable C2(Q) [10℄5. The original energy-momentum bal-an
e remains in this 
ase inta
t whereas the original single parti
le distri-butions are 
hanged (this fa
t 
an be 
orre
ted by running again generatorwith suitably modi�ed input parameters). In both 
ases one uses spe
i�
weights 
onstru
ted from the assumed shape of �(x) fun
tions. However,the size parameters o

urring there bear no dire
t resemblan
e to the sizeparameter R obtained by dire
tly �tting data on C2(Q) in Eq. (1) usingsimple Gaussian or exponential forms. They rather represent instead the
orresponding 
orrelation lengths between the like parti
les [1℄.3. Numeri
al modeling of BEC understoodas 
orrelations of �u
tuationsRe
ently we have proposed [13℄ a new method of numeri
al modelingof BEC understood as manifestation of 
orrelations of �u
tuations, whi
happlies already on a single event level, does not violate any 
onservationlaws and 
an be applied to data provided by essentially any event generatormodeling multiparti
le produ
tion. Here we would like to present physi
alideas underlying our approa
h in more detail.Let us start with very simple example of what we are aiming at. Supposethat our MC event generator provides us with a number N(+), N(�) andN(0) of positively and negatively 
harged parti
les and neutral ones lo
atedin phase spa
e, 
f. Fig. 1, left panel. They are all uniformly distributedand show no BEC pattern. Suppose now that the same parti
les (i.e., lo-
ated at the same spa
e�time points and possessing the same momenta asbefore, with the same N(+), N(�) and N(0)) have now di�erent allo
a-tion of 
harges, namely the one shown in the right panel of Fig. 1. The like
harges are in visible (albeit strongly exaggerated) way bun
hed (
orrelated)4 The spe
i�
 approa
hes proposed for LUND model [11℄ and the afterburner methoddis
ussed in [12℄, whi
h we shall not dis
ussed here, also belong here.5 Te
hni
ally this is realized by multiplying ea
h event by a spe
ial weight 
al
ulatedusing the output provided by event generator used.
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Fig. 1.together leading to signal of BEC. What we have done in this example isthe following: (a) we have resigned from the (not dire
tly measurable) partof the information provided by event generator 
on
erning the 
harge al-lo
ation to produ
ed parti
les, and (b) we have allo
ated 
harges anew insu
h a way as to keep the like 
harges as near in phase spa
e as possible(keeping also the total 
harge of any kind the same as the original one). Itis interesting to note that this 
an be regarded as introdu
tion of quantumme
hani
al element of un
ertainty to the otherwise 
lassi
al s
heme of MCgenerator used (however, it di�ers 
ompletely from the usual attempts tointrodu
e quantum me
hani
al e�e
ts dis
ussed in [14℄).That su
h simple s
heme really works 
an be seen in Fig. 2, whi
h showsthe C2(Q) for one dimensional latti
e of N pions (positive, negative andneutral) with momenta pi = �pmax + (i � 1) � �p where spa
ing �p =2pmax=N). When their 
harges are assigned in a purely random way (what
orresponds to the situation shown at the left part of Fig. 1) it 
an be shownthat the 
orresponding C2(Q) = 1. However, assigning 
harges in a spe
i�
way (following pres
ription used in [13℄) one gets strong enhan
ement ofC2(Q) whi
h normally is attributed to BEC. The pro
edure used is verysimple. First one of the parti
les (from N�) is sele
ted and some 
harge(out of (+;�; 0)) is randomly allo
ated to it. After that the same 
hargeis allo
ated to as many parti
les lo
ated nearby in phase spa
e as possiblein some pres
ribe way forming a 
ell in phase-spa
e o

upied by parti
lesof the same 
harge only (
f. right part of Fig. 1). This pro
ess is thenrepeated until all parti
les are used. The important point is to ensure thatthe above sele
tion is done in su
h way as to get geometri
al (Bose�Einstein)distribution of parti
les in a given 
ell. This 
an be a
hieved by sele
tingea
h next parti
le with some �xed probability P till the �rst failure, afterwhi
h the new 
ell is formed. In this 
ase � = hni = P=(1 � P ) andse
ond term in the Eq. (4) is now maximal. We refer to [13℄ for detailsof the algorithm used. The 
hara
teristi
 pattern emerging here is thatthe so 
alled �radius parameter� R (in the usual �tting formula for C2(Q) =
[1+exp(�R�Q)℄) in
reases with number of parti
les allo
ated to our latti
e
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zyk(i.e., with de
reasing of their momentum separation �p, 
f. Fig. 2(b) (interms of the number of parti
les 
onsidered it is the same, see Fig. 2(a)).On the other hand it de
reases with the number of parti
les one 
an allo
ateto a given 
ell (
f. Fig. 2(
)).
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Fig. 2. Example of C2 o

urring for a pioni
 latti
e in (one-dimensional) momentumspa
e, Q = jpi � pj j = 2pmaxji � jj=N = 2pmn=N : (a) as a fun
tion of n; (b) asa fun
tion of Q; (
) as a fun
tion of Q but for limitation of 
ell o

upan
y toi < Nmax. In all 
ases pmax = 10 GeV. In (a) and (b) P = 0:5 whereas in (
)P = 0:9 (to allow for large 
ells).We shall illustrate now a
tion of our algorithm on simple 
as
ade modelof hadronization (CAS) (in its one-dimensional versions and assuming, forsimpli
ity, that only dire
t pions are produ
ed) [15℄ and on equally simplemodel based on appli
ation of information theory [16℄ (
f. Fig. 3). In CAS theinitial mass M hadronizes by series of well de�ned (albeit random) bran
h-ings (M ! M1 + M2, with M1;2 = r1;2M su
h that r1 + r2 < 1) and isendowed with a simple spatio-temporal pattern. It shows no tra
es of Bose�Einstein statisti
s whatsoever. In MaxEnt parti
les o

ur instantaneously inall phase spa
e with distribution given by the thermal-like formula obtainedby maximalization of the a

ordingly de�ned information entropy. In both
ases the masses and multipli
ities were kept the same. There is no BEChere either. However, as 
an be seen in Fig. 3, when endowed with 
hargesele
tion provided by our algorithm, a 
lear BEC pattern emerges in C2(Q)(and is very similar in both 
ases 
onsidered here). Two kind of 
hoi
es ofprobabilities are shown in Fig. 3. First is 
onstant P = 0:75 and P = 0:5.The other is what we 
all the �minimal� weight 
onstru
ted from the outputinformation provided by CAS (PM) or MaxEnt (PME) event generators:PC(ij) = exp ��12Æ2ij(x) � Æ2ij(p)� or PME(ij) = exp"�Æ2ij(p)2�iTl # ; (5)
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tion of Correlations of Flu
tuations 2687where Æij(x) = jxi � xjj, Æij(p) = jpi � pjj and Tl is the 
orresponding�temperature� (with � being mass of the produ
ed parti
les). In this wayone 
onne
ts P with details of hadronization pro
ess by introdu
ing to ita kind of overlap between parti
les as a measure of probability of theirbun
hing in a given emitting 
ell.
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Fig. 3. Examples of BEC patterns obtained for M = 10, 40 and 100 GeV for
onstant weights P = 0:75 (stars) and P = 0:5 (full symbols) and for the weightgiven by Eq. (5) (open symbols). Upper panels are for CAS, lower for MaxEnt (seetext for details).It turns out that BEC e�e
t shown in Fig. 3 depends only on the (mean)number of parti
les of the same 
harge in phase-spa
e 
ell and on the (mean)numbers of su
h 
ells. This depends on P , the bigger P the more parti
lesand bigger C2(Q = 0); smaller P leads to the in
reasing number of 
ells,whi
h, in turn, results in de
reasing C2(Q = 0), as already noti
ed in [8℄.For small energies the number of 
ells de
reases in natural way while theiro

upation remains the same (be
ause P is the same), therefore the 
orre-sponding C2(0) is bigger, as seen in Fig. 3. The fa
t that there is tenden
yto have C2(0) > 2 for larger P means that one has in this 
ase more 
ellswith more than 2 parti
les allo
ated to them, i.e., it is 
aused by the in-�uen
e of higher order BEC. Therefore, the �sizes� R obtained from theexponential �ts to results in Fig. 3 (like C2(Q) � 1 + � � exp(�Q �R) where� being usually 
alled 
haoti
ity parameter [1℄) 
orrespond to the sizes ofthe respe
tive elementary 
ells rather than to sizes of the whole hadronizingsour
es itself. For P = 0:5 the �size� R varies weakly between 0:66 to 0:87fm from M = 10 to 100 GeV whereas for the �minimal� weight (5) it variesfrom 0:64 to 0:44 fm.So far we were 
onsidering only single sour
es. Suppose now that sour
eof mass M 
onsists of a number (nl = 2k) of subsour
es hadronizing inde-
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zykpendently. It turns out that the resulting C2's are very sensitive to whetherin this 
ase one applies our algorithm of assigning 
harges to all parti
lesfrom subsour
es taken together (�Split� type of sour
es) or to ea
h of the sub-sour
e independently (�Indep� type of sour
es), 
f. Fig. 4. Whereas the later
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Fig. 4. Examples of BEC for CAS model with P = 0:5 
al
ulated for di�erentnumber of subsour
es (nl = 2k, k = 1; 2; 3 existing in the sour
e M = 100 GeV for(a) �Split� and (b) �Indep� types of sour
es, as dis
ussed in text. In (
) we showexamples of BEC pattern for 2 �Split� type of sour
es moving apart with 
onstantmomentum di�eren
e Æp = 0, 10 and 60 GeV/
 (a
hieved by assuming in CAS �rstrank 
as
ade parameters r1 = r2 = 0:5, 0:4975 and 0:4, respe
tively).
ase (in whi
h parti
les remember from whi
h sour
e they have originated)results in the similar �sizes� R (de�ned as before) with C2(Q = 0) � 1 = �falling dramati
ally with in
reasing k (roughly like 1=2k, i.e., inversely withthe number of subsour
es, nl, as expe
ted from [8℄), the former 
ase (in whi
hparti
le loose memory of whi
h subsour
e they are 
oming from) leads toroughly the same C2(Q = 0) but the �size� R is now in
reasing substan-tially6. This is again entirely due to the fa
t that in the �Split� type ofsour
e one has higher 
on
entration of parti
les in the elementary emitting
ells rather then bigger number of su
h 
ells. This results in smaller averageQ, and this in turn leads to bigger R. A spe
ial type of �Split� sour
e isshown in Fig. 3(
). In it two initial sour
es (of equal masses) have fromthe beginning a well de�ned di�eren
e in momenta, Æp (
orresponding tobran
hing parameter r1 = r2 = 12p1� (Æp=M)2 ), modeling in this waya possible in�uen
e of some 
olle
tive �ow existing in the system (the to-tal energy remains always the same and equal to M , here M = 100 GeV).6 It is equal to, respe
tively, 0:87 fm, 1:29 fm, 1:99 fm and 3:35 fm for P = 0:5 and0:57 fm, 3:26 fm, 4:01 and 5:59 fm for the �minimal� weight PC given by (5).
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tion of Correlations of Flu
tuations 2689Noti
e that, 
ontrary to the normal expe
tations, the bigger is the ��ow�the smaller is �radius� parameter R obtained from the typi
al exponential�t mentioned above. This is be
ause ��ow� results in our 
ase in smallernumber of parti
les in the elementary emitting 
ells.A
tually dependen
e on the expe
ted BEC pattern on the number andtype of subsour
es formed in the pro
ess of hadronization is very importantand interesting feature of our model. It allows to understand the in
rease ofthe extra
ted �size� parameter R with the nu
lear number A in nu
lear 
ol-lisions. That is be
ause with in
reasing A the number of 
ollided nu
leons,whi
h somehow must 
orrespond to the number of sour
es in our 
ase, alsoin
reases. If they turn out to be of the �Split� type, the in
rease of R followsthen naturally. On the 
ontrary, for the independently treated sour
es thedensity of parti
les subje
ted to our algorithm does not 
hange, hen
e theaverage Q and R remain essentially the same. However, be
ause in this 
asethe in�uen
e of pairs of parti
les from di�erent subsour
es in
reases, thee�e
tive � = C2(0)�1 now de
reases substantially (as was already observedin [8℄). Our �Indep� type sour
es 
an therefore be used as a possible expla-nation of the so 
alled inter-W BEC problem, i.e., the fa
t that essentiallyno BEC is being observed between pions originating from a di�erent W infully W+W� �nal states [17℄. This phenomenon 
an be understood in ourmodel by assuming that produ
ed W 's should be treated as �Indep� typesour
es for whi
h � falls dramati
ally.It also allows to attempt to �t (even using su
h unsophisti
ated hadroni-zation model as CAS) some experimental data. As example we presentin Fig. 5 our �best �t� to the e+e� annihilation data on BEC by DEL-PHI Collaboration [18℄ for M = 91:3 GeV. It turns out that su
h �t 
anbe obtained only for two or more subsour
es [13℄. A the same �gure weshow also intermitten
y pattern (with moments Fq and Mbin de�ned asin [19℄) obtained together with the BEC after appli
ation of our algorithmand the examples of the expe
ted 
harge �u
tuations in di�erent rapiditywindows (de�ned asD = 4 hÆQ2ihN
hi [20℄). This is done for two sets of parameters(P and number of sour
es): one leading to the best possible (whi
h turnsout very good) �t to C2(Q) (Fig. 5(a)) and one leading to the best possibleintermitten
y patter (a
tually only 2-nd moment F2 
an be �tted, all othermoments remain still below data indi
ating that intermitten
y 
onne
tedwith BEC and provided by our algorithm as a kind of by-produ
t, is stillnot the whole e�e
t seen in data [19℄)7.7 The 
harge �u
tuations D are a
tually important for heavy ion 
ollisions [20℄ and areshown here just for illustration of predi
tive power of our algorithm.
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Fig. 5. Examples of results for e+e� annihilation at M = 91:3 GeV obtained usingCAS with two subsour
es: (a) best �t (full symbols) to data BEC [18℄ by DELPHI(open symbols) obtained with P = 0:23; (b) and (
) the resulting intermitten
yand 
harge �u
tuations patterns, respe
tively. Lower panels 
ontain in (e) thebest possible �t (full symbols) to the data on intermitten
y [19℄ (open symbols,only se
ond moment 
an be reprodu
ed, both here and in (b) only F2 to F4 aredisplayed) obtained with P = 0:5 and resulting BEC (d) and 
harge �u
tuationspatterns (f) (here and in (
) P = 0 
orresponds in this 
ase to results of CASwithout BEC). 4. Summary and 
on
lusionsTo summarize: we propose a new way of looking on the BEC phe-nomenon observed in high energy multiparti
le produ
tion pro
esses of allkind. Instead of 
umbersome and pra
ti
ally very di�
ult (if not outrightimpossible) symmetrization of the 
orresponding multiparti
le wave fun
tionwe propose, following ideas developed in [4,5,7℄, to look at this phenomenonas originating due to 
orrelations of some spe
i�
 �u
tuations present insu
h sto
hasti
 systems as blob of hadronizing matter. As result we get newand simple method of numeri
al modeling of BEC. It is based on reassign-ing 
harges of produ
ed parti
les in su
h a way as to make them look likeparti
les satisfying Bose statisti
s, 
onserves the energy-momenta and doesnot alter the spatio-temporal pattern of events or any single parti
le in
lu-sive distribution (but it 
an 
hange the distributions of, separately, 
hargedand neutral parti
les leaving, however, the total distribution inta
t). It isintended to generalize algorithm presented in [7℄ in su
h a way as to makeit appli
able to essentially any event generator in whi
h su
h reassignmentof 
harges is possible. It amounts, however, to some spe
i�
 
hanges takingpla
e in physi
al pi
ture of the original generator. The example of CAS is
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tion of Correlations of Flu
tuations 2691very illustrative in this respe
t. In it, at ea
h bran
hing vertex one has,in addition to the energy-momentum 
onservation, imposed stri
t 
harge
onservation and one assumes that only (0) ! (+�), (+) ! (+0) and(�) ! (�0) transitions are possible. It means that there are no multi-
harged verti
es (i.e., verti
es with multiple 
harges of the same sign) inthe model. However, after applying to the �nally produ
ed parti
les our
harge reassignment algorithm one �nds, when working the bran
hing tree�ba
kwards�, that pre
isely su
h verti
es o

ur now (with 
harges �(++)�,or �(� �)�, for example). The total 
harge is, however, still 
onserved asare the 
harges in de
aying verti
es (i.e., no spurious 
harge is being pro-du
ed be
ause of a
tion of our algorithm). It is plausible therefore that tonumeri
ally get BEC pattern in an event generator it is enough to allow init for a

umulation of 
harges of the same sign at some points of hadroniza-tion pro
edure modeled by this generator. This would lead, however, toextremely di�
ult numeri
al problem with ending su
h algorithms withoutprodu
ing spurious multi
harged parti
les not observed in nature8. So faronly dire
t pions were 
onsidered but short living resonan
es 
an easily bein
luded as well. The same (at least in prin
iple) is true in what 
on
ernsany kind of �nal state intera
tions, not mentioned here.GW wants to mention that his interest in multiparti
le produ
tion whi
hresulted in this presentation dates ba
k to the seminal paper by Pokorski andVan Hove [22℄, whi
h spurred formulation of the so 
alled Intera
ting GluonModel [23℄, a simple but powerful des
ription of high energy pro
esses interms of gluoni
 
omponent of hadrons. It is used (albeit in an appropriatelymodi�ed form) even at present [24℄. He is grateful to Professor Pokorski forhis 
onstant interest and en
ouragement in this kind of resear
h. The partialsupport of the Polish State Committee for S
ienti�
 Resear
h (KBN) grants2P03B 011 18 and 621/ E-78/ SPUB/CERN/P-03/DZ4/99 is a
knowledged.
8 It should be noted that possibility of using multi(like)
harged resonan
es or 
lusters aspossible sour
e of BEC has been re
ently mentioned in [21℄. There remains problem oftheir modeling, whi
h although 
learly visible in CAS model, as dis
ussed here, is notso straightforward in other approa
hes. However, at least in the string-type models ofhadronization, one 
an imagine that it 
ould pro
eed through the formation of 
harged(instead of neutral) 
olor dipoles, i.e., by allowing formation of multi(like)
hargedsystems of opposite signs out of va
uum when breaking the string. Be
ause only atiny fra
tion of su
h pro
esses seems to be enough in getting BEC in the 
ase ofCAS model, it would probably be quite a

eptable modi�
ation in the string modelapproa
h [11℄. We are indebted to late B. Andersson for very inspiring dis
ussion atthis point at the last ISMD2001 meeting at Datong, China.
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