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Abstract

"The quantum statistical coucepts of coherence and chaos used to descnbe ﬂuctuatxons
" in_multiparticle production processes are ‘exhibited in a gcnerahzcd version of the
- Interacting Gluon Model. The two components in the multiplicity distributions found
-~ prviously are derived in this approa,ch We present ‘the first Monte Carlo genetator

- w1t.h cbherence bmlt. in.
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‘ k be rugardod aa mtabh mod»ﬁca.txon of the guomc cluster nmdel pmposed some time
""" ago{8]. Notice also its resemblance to the Weizsicker-Wiliams method [6] of equivalent .

mmhd»mmmcmmmmgm plmusthmhofphoeom “The

’ "' picture of violeatly interacting gluons is also consistent with the possible, intrinsically

’ - “chaotic” properties of the non-Abelian gauge fields found recently [7]. It suggests a more

_ rapid dissipation of the kivetic enetgy of the calliding gluonic douds and its redistribution
: M‘Wmmmimonamsdemm&utkapmmded byestima-

homhuedupmbﬂweQCD

Wemﬁﬁhmdmsmbmﬁa:mﬂlym&dmoﬂhalgu pro-
: 'ndel » solid aud patural basis for the two-component model of wmultiparticle production

.developed in [3). The extensjon consists in a more detailed description of multiparticle

ytoduchon processes. ‘This is achieved by providing in the IGM a prescription for the

. dissipation of the predicted energy flow into the finally observed seoondmes Tednucal!y
’ thnn;chendthmgh:llonu&.domoﬂhamodel b ‘

e 2. Monle~C-rlo mnt genentot fornuhtm of the IGM In the IGM‘ -
(i} The two § impinging projectiles are represented by the valence quarks accompagied .

' bythe cdlouds of gluons (where by gluons we understand both the intrinsic gluons and
* - the ¢f pairs of sea quarks). (ii) ‘In the course of vollision these gluonic clouds interact
. strongly forming 2 number of objects which we call mini-fireballs (MF's) and which pop-

- ulate mainly the central region of reaction. (##i) The valence quarks (together with the

- gluons which did not interact) form leading jets (L1’s) which populate mainly the frag-
" mentation regions of reaction. (iv) Both MF’s and LJ's hadronize, each L producing
" ‘a corresponding leading particle (LP) (defined a5 the most esergetic particle in a given .

: « ‘hemisphere of reaction; notice that occasionally LP can also emerge from a MF). Point

(#4¢) is the main new ingredient in the present version of the IGM; pmwusly, we had just -

g xdentlﬁed LP’t mth LI%s.

e

The IGM differs from other models of this type (8,9 10] in tlxz.t it eprmly empha-

- sizes the role of gluons 2s main ‘degrees of freedom, although it can also be regarded as

S pmndmg a dynumca! bms for the models pxeaented in f11,12 13]

“To' mo&d point (t) we mtrodnoe a suitable statistical representatnn of a colliding - »

hadton jh.> in terms of its partonic components: o valence quarks and m gluons [14)

(with #'s a0d y;s being their respect'm', mgy—momeiltum fractions)

e ) e wo(-EaeF): 0

i=1 =t

o i »There are oonatmnu ‘on the parameters ¢, ﬁ, ¥ a.nd n ranhmg from the {(z,y) — 0 o
L (chge) ud (z, y) =+ 1 bebaviour of the nngie vakmce quu‘l and g}uomc d:stnbunons -

R R U ~.(z>:"-

: ‘An mwduﬁnwkuwstmhlnrmwwm« tonndeu B

"'ordertomeS,alup&M [4},onehu to adjust qtobemthenageofqﬁsai-s.

,'hadmanaa&edtotl\egimcmpomtuequdto )

" hadronization stage of the. process.. We shall alwag-s woxk in the hz.dxon-nudeon c.m.
. frame. Ouralgxﬁkmloohufoﬂm . oo

(1) For both the projecule (P) 2nd target (T) hadrons putnap;hng in the colhsm, we
: sample z.e(o 1), s—l ,n-npvr ucordmgtothedmt.uhtwn. Lo

= ’, fractions of P (ot T) al!omted to glnons, q = qy-r, .

v ) With q detenmued vesample gluons with energy -momentam iru:txons y, E ( ,,,. 1), Komin = 
‘ 3‘- according to the dmnbuuon . . ) L

" In doing so only gluons which can produce at least one MF of mass M > 24 (which is the -

" mass of the lightest possible fireball) are allowed. This process continues vatil y; < ¢

. It resultsin two sets of gluons: Gp({z:};i=1,... WNB) = (21,22 '...zypl from P and » ‘

. ""‘G-r({y,},g =1,...,NT) = [3,80,-- 09 ] from T (notice the change in nota.uon. {x.} o |
- and {y;} duote now the gluomc £ractuma.| momenta in P and T, mpectwely) s :

o of gluon interactions in our model. We shall assume that in every gluon-gluon interaction

‘a MF (or dan, duster,...} can be formed through a gluonic fusion process. In principle

" this-MF can also resemble a ‘short string’ coming from the gg — gg (or other) types of
.7 processes.) ‘!‘ienglmcmtenctms represented summarily by cross section o, should -~ ' - .
S be nndmwod as as gffective interaction (our gluonic donés eonwmng both gesuine

= i do not depe-d on !le ldu& sumber m of.iuom in lb >, q(l)

o w}dch can be denved from eq.(l) One expects theret’on (muung for :imphmy oﬂy’ .
- moﬂawur)thtts-ﬂs,'y ~land v = (n-1)(14+7)+8 = 2(n~1)~ 145 , where

B = B~ $(n—1)+ 1 measures the departure from simple counting rules®. Similasly,in

With these valtes of the parameters the average fraction of the enagy momentum ofai S s

!Qd:zv(z) &: :+2ﬂ
C [Tdav(z) T da- 3428

In wbu follolu veshtﬂeommﬁy ueglee& all masses and tnmvetse mmutaofthefii :
colliding objects (both partons and nudleons, <f. {4]). They will, however, appear in the -

<q>.. 1 w(z::»- l-n

r(z.) = g -speiiens, e

and calcnlate the fnctmnal momenta al’ valence qua.rks =, utd the energy-momcnmm‘ o

‘,l-l

' z. ‘— ' H(l—z&) md g = 1«-2:;, @ ‘

OR

¥

“To deucnbe the -:tual collmon p:ocess (pomt (i) nbon) we have to spec:fy the nature

1t is interexting 1o note that only with ¥ =1 titnngleq;nkl.ddmd‘ntnbﬁhmgm byeq (2) R
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fg’j@ms udmﬂpun.meﬂechwonu) Noticethav,, mdthe'tmctnrekmionsf Rt
used are defined at a scale Q <1 GeV where perturbative QCD breaks down and no "~

reﬁablepndmﬁoumpunble. Tlmcforec,, must be considered as sphmﬂdogal

function to be determined by fitting multiparticle production data. We shall thuefm.j{.f S
simply parametrise it as before R](mthuambcngumnﬁatuagmthe RARIRE
: pamcvhr g. + g, collmon eqnal to the invanut mass of the pxoduud MI-‘),

4“:

uqu;idneethe(nnnomahzed)pmbdﬁmyofmtetuuonbetweuglwmthz.eG‘p !
Lo . ' (M’:’.“ QIR
u’(’u’)} = —n‘%(j)—l'lv 5 EERE (8) A

‘ T_mth ’u bemg the menmentaﬂy meunred total inelastic hadroa—nndeoa cross uctxon Gy S
: 'W‘th the pmb;hmuﬂ Py deﬁned abmre we contmne our algonthm : L

= (2,)' Forevery:;,e Gp. :—l,...,Np,ud foreuwyy, EG—;, = l.. ,N-r, sach .
- thatzg; 2 K3, =4p /a(le.,fotaﬂpumofglnom&om?deapableolpmdnang e
L &tleutthehghtest MF) we checkif [rondom number] < P;. A positive answer means
. that this pair did interact, a negative one that it did not. Wecoﬂecttogethuallglmns L
. ﬁomP;ndfmmTwhndldzdmtem:takustmamongthemulmandrdenufythem_,f...
- thh a kth mmz-ﬁn&dl, MF, of mass M. and rapidity &s, , :

«‘ﬁ 3,, Ag !..» --;, . ,zk; ) 2 Ziy Vk- Z ,j ’ (9)

;,V, C L merME | wektwr

' Therevmbe 1< Nc Mm(Np,NT) sets Q( sach gluons, therefore k = l oNee
‘Gluons which did not interact join the corresponding valence quarks of P and T and -
together with them form leadmg Jctl (LJ’s) with the cormpondxng enexgy-momenmm S
T {ractlon.l <qual to .

T = 1-—2:;‘ a.nd gL I—ZW, BRI (10)
' N © k=1 : :

for LJ': fmm P and T, respechvdy We contmue if the corresponding leadmg partades o )
cof ma&mg, ‘can be produced, i.e., if x{ and y;, > 35‘# otherwise the event is n)ected i
" none éﬂm g!uons mtem:ted the event is not regzxdad as mdastlc and is rejected

Noﬁce that this pmcednre is _\\m the rednzatmn of a simple probabmsmc picture of a
collision of two composite objects (as applied e.g. in [15] for nuclei). It does not depend

' - on any particular space-time ordering of the elementary gluon-gluon collisions (thxs w;i! o '

‘thange, however, in pA and AA oolllsaou whem mxdeu scals will be mwlved)

<. The produced LY will be able to ludromu only if their (mv:nant) mmu exceed the R
. mass of the leading particle mass, Mrs > mz. Because the original IGM (where M) = 0)
,’"dves not allow such a possibility, it has to be built in. We follow the observatioa {17] that

4

T even qmte modat bnsnudmal momentum tnnsfen can muh in n&mud exatuwns BT
" of the colliding systems and we allow for such a fractional transfer § between the valence -
7 parts of colliding hadrons (treated for smplicity as well defined single objects) during the -
' course of acollision. This transfer is assumed aot 1o interfere with the production process.
" operating between gluons >. Asamnlt'uhllobm thefollmngfommommhl’u.“ e
i mvm'lant mmes My md upxdn.iu Yu of LPs: - )

~ e "z, Sy
Pu f[q,,!),f(zx,«{)] Mu='— d(lzg,- 8), Yu-—.-ln " (ll)fjv.‘ '
-f'where zL = s;,(n,) and § = 1 for Pland T mpectwely hom the nqmemenu that -
Mgy 2 myg and Yoy > 0 (ie., that the prodnced IJ be contained in the respective . ... .-
) hmtsphuu ofthemchon)onegeu o ' ) ST

m‘(n) 31.”“ A ﬂ < § < Jm(z,,) 'Lr 31. Min(:m;.) (12) el

L (3) We now continue with the pm of our algonthm conupon&ng o pomt (m') by
. selecting the §'s (treated as free puameter)‘ and forming the respective L% of P and ol
T .with masses and rapidities given by eq(ll) Tlns completu the descnptlon of the o

formulwn stage oj tbe eollmon process.

. We would like to note that, vnt.h the formation stage (1—3) completed we have alnady AN
‘provnded initial conditions for statistical models of multiparticle production {11,12,13] as

well as for a variety of stochastic 18] and cluster [19] models of maultiparticle production

in which some initial distributions of the aumber of clusters N are usually simply postu-
_ lated and their masses and rapidity distributions are either left unknown or do not enter .
" at all. ‘The advantage of the present approach lies in the ability to provide distributions’

‘of all these three elements: the number of clusters N, their masses M; md rap:dxtm A.,

08 We conclude our a!éorathin with the hadronization of M? md s uaing,; .
respectively, the Maximalization of the Iaformation Entropy (MIE){20] and Sequential

Decay Model (SDM)[21] approaches. In this way we account for the dynamical differ-

ences between secondaries emerging from both the central and fngmentztm re;wnt of '

the reaction (wluclx is the main pomt of the two—cnmponent model[3])

"3, A reprmutatwe sample of mults All the ramlu lmed below were ob—“‘ o

- tained forthe following values of parameters: § = ~0.5, =5 p= = 0.6GeV, a—,‘ .

2mb, of¢i(s) = 39557938 4 21.7s5%(mb){22], - x = 1, the mean multiplicity of secon-

.daries fmm MF of mass M being equal to N(M) ~ 2.35M°" and their mean transverse.
- momenta equal to < pr >= 0.35 GeV/c (used as input in the MIE hadronization pro-.

cedure); the L] was fragmented jnto secondaries (in the SDM scheme) according to. the

' ~ distribution: P(g):= (t- q/Mu)/ /9 (where ¢ is the momentum of the pmduced pa.rh»' "

‘cle), J is a free parameter which is zero for paans; for nndms it decreases vuh o fr

e 4

and ys.

leads to M“ = const - ﬁ. a3 in Rel: 17).

=Notlceth£mordquhw MLJ>°(Ie.Mnelih)w¢ Idwm sare the cort - .,s:. S

*Here we have amamed that ll;v'lﬁgm“‘ ’n:‘—“d‘"""““l‘"ﬁwmur T'M"
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: F‘xgure 1: {a) the peeudorapxdnty dnstnbuboas for dm'meat ener@ee. (b) the different -
‘components of “5 .

“’eontnbums from MF’s deuys and. LJ’ fngmm In Fig 2 we show the energ :
- . dependences: () - of the mean charged' muluphatiu and (b) - of the first five moments of

"7 “the multiplicity distribution P(n), Ci =< a* >.f < n >* [23]. The number of MF’s (not

shown explicitly) is Poisson distributed with < Ne{s) > 0.86y/a>"® whereas the distri-

" bution of their masses resembles the gamma distribution with < Mc >2 0.1/3™*, which
. effectively leads to 2 P(n) from this component of a NB type [3] with < n”(s) >l ‘/3“

- with < Rpy(s) > 454 04!:( {cf.- Fig. -2a). The total (cha.rgad) multiplicity is

the production of secondaries. It shows essentially the same trend 23 p but seems to level

;,;a-oosafsmamf_-oomfamocev (Thitdmtwanydi\'femtbe-
0. . “haviout of the production of nucl lncompmmtapxmwuv:tdmabtunhg among . -

T othes things, t&ﬁ!flﬂol'] results for the moments C; of the multiplicity. dmtribtmou) B M

 The probability of emitting a nucleon inapmSDMﬁxebﬂlwﬁmduww =05 "
© {and taken zero once the nucleon was emitted) whereas ité pr was chosen from the
" exp[~(pr0.55)7] distribution. In Fig. 1 we show the peendorapidity distributions dN/dy: =
f*"(c) btmudmuumwedmthmm]ud(b) u\fsstethhthe S

** On the contrary, the two L' provide together a Paisson-like distribution of secondaries

- therefare given by < n(s) >= < ny(s5) > + < npy(s). >~28f° (d. Fig. 2a) which.
“coincides with that of Ref.[3}. ' We interpret this.result (as in {3]) as an example of the = .

.- copvolution of the chastic and coberent componeats. In Fig. 3 we present the energy (a) =~ =

- and rapidity (b) dependences of the chaoticity parameter pdefined aspz< ngg > f <n > .

“{for fs = 540 GeV and for the psendorapidity: window An = 0.6): In Fig. 3a we show,

far comparison, also the energy behaviour of the relative gluonic inelasticity Kg defined - T
as the ratio of the energy coming from the gg interactions and the total energy used for = .

off at much lower energies than p. On the other hand our p(n) is systematically higher g
‘ &nthtobwudilxdm .One should, however, keep in mind the fact that wehave - < .
-‘mfottheﬁmumemduded pmﬁythw'm_mulnumﬁmgmrg G

ST <npfs}> *

o lmt.'; ) lm e Y DI T : .
f‘“‘“ S f(GeV)
F‘gue2 Themmdepmdenceof<u>and€ha,...s
0.7. LT 094 W
v ,.P.f k S Iya. mfuu(:}
o] 1. N\ ;;
[ REPRREEE :
] e B B
: : 1!’“-» '°°° f(G’eV) S T L i
R Figufe3 Enetgymdpmonpan dependemdthe clzaouaty puameter p”‘md;
o /energydepadenmn!thmhﬁmg!mcmdutmty Ps- B ‘ T

‘ ;necesurily uaapd over. tkm NB and Pmu dutnbuuom ued m Rgf[s

Snmmy Thmm;mtmdeioﬁd‘. [3} uses mmm“ :
: mwwe’dm“ﬁcdthmnhhnmmhdoumw&, .
their dynmcal ongin and behamr, Mﬁl@ tlure{m'e_ the nngcoi its pmbh appfl-

i
i

et dine it AN
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“which accomodates QS coherence in multiparticle production processes. Incoming

property in the bremsstrahlung like procesees (in our case represented by the formation
_and decay of LI's). However, they do lose coberence in the strong gg multiple collisions
“leading to the formation of MF's. But even here the resultant state cannot be regarded as
-being totally chaotic (although above it was treated as such ) because the corresponding
_P(n) is not.thermal but of narrower NB type {cf. also the last paper in [3} where such
‘s poesibility was already mentioned). There is also a natural threshold in the incoherent

;] growing energy leading in a natural way to the increase of chaoticity with energy (clV
- Fowler et al. in [23]). On the other hand the details of the gg interaction resulting in

the LI's are mainly resporisible for the observed behaviour of the chaoticity parameter as
& function of rapidity. It would be therefore highly desirable to be able to measgre this

- parameter more directly both as a function of f and rapidity, for example by explomng
tl\e Booeihnaa oondmm [2]
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