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Thermodynamics of clan production
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Scenarios for particle production in the GeV and TeV regions are reviewed. The expected increase with the
c.m. energy of the average number of clans for the soft component and the decrease for the semihard one
indicate possible classical and quantum behavior of gluons, respectively. Clan thermodynamics, discussed in
the paper, appears as the natural framework to deal with such phenomena.
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[. INTRODUCTION appealing statistical theories of multiparticle production, a
new interpretation oh charged particles multiplicity distri-
The phenomenological analysis of multiparticle produc-bution,p(n), for the class of IDD is proposed in terms of the

tion in hadron-hadron collisions in the GeV regifih2] re-  canonical and grand-canonical partition functions. Then the
vealed interesting substructures, i.e., soft and semihar@onnection of this new interpretation for the description of
events, without and with minijets, respectively, each class othe soft and semihard substructuresimcollisions in terms
events being described by a negative binortié) (Pascal  of the NB (Pascal MD is examined.
multiplicity distribution (MD) with different values of the
parameters, the average charged multiplicity and k Il. AN ALTERNATIVE APPROACH TO MULTIPARTICLE

=F2/(D2—n). HereD is the dispersion. The weighted com- PRODUCTION

position of the two MD's leads to the observed final charged one of the best known statistical approaches to multipar-
particle MD. A clan structure analysis in terms of the averageicie dynamics is Feynman’s fluid analog§,6], where the
number of clansN, and the average number of particles percross section for the production ofparticles plays the role

clan,n,, allows us to interpret nicely the onset of the above-of the partition function in the canonical ensemble, as it is an
mentioned substructures in the GeV region. integral over phase space of the square of a matrix element

By extrapolatingn andk behavior to the TeV region, three Which plays the role of the Gibbs distributioa, "=, In
possible scenariofl,?] for the semihard component have this approach, the volume is identified with the extension of
been investigated. The first one assumes that Koba-NielseRl@S€ space and the fugactywith the dummy variables
Olesen(KNO) scaling is satisfied both in the soft and semi- @PPearing in the definition of the generating funct®n
hard component. This situation should be compared with
what is assumed in the othe_r tw_o scenarios 'for the semihard G(U)EE u"p(n). (1)
component where KNO scaling is strongly violated or has a n
QCD-inspired behavior through the center-of-mass) en- o S )
ergy dependence of the corresponding NB MD parameters-[h's identification is unsatisfactory because one has to sat-
Since, at the present stage of QCD, calculations of MD’s andsty gt the same time the definitiqns of the average number of
correlations in the GeV and TeV regions cannot be perParticles, from the grand-canonical ensemble,
formed in a sound way, we can only rely on QCD-inspired

extrapolations of the parameters. The last two scenarios for (n)zza In G, )
the semihard componefihe soft component is taken to be 9z

the same in all three scenaripalthough more realistic than o ) )

the first one, lead to a decreasing average number of clarfé'd from the definition of the generating function,

and to the corresponding increase of the average number of

particles per clan as the c.m. energy increases. Since clans (n)= d_G :d InG 3
are independently produced by assumption, it would be im- duf _, duj _,

portant to understand the real meaning of their decrease for

c.m. energies in the TeV region, a fact which seems to widefhe above formulas can be satisfied at the same time only in

the motivations at the origin of the first introduction of clan the limit of zero chemical potential.

concept in high-energy phenomenoldgy4]. Another approach was proposed by Scalapino and Sugar
In addition, it should be pointed out that clan structure[7]: they defined the probability amplitude to produce a par-

analysis can be generalized to the huge class of discrete iticle at rapidityy, denoted bylI(y), as a random field vari-

finitely divisible distributions (IDD), to which NB(Pas- able, then introduced a functiong[ I1] which played a role

ca)MD belongs, and therefore any result obtained in theanalogous to the free energy for a system in thermal equilib-

framework of clan structure analysis can be easily extendedum. One can then obtain theparticle inclusive distribu-

to the full class of IDD. tion by averaging the product of the squares of the ampli-
In the present paper, after a short introduction on the mostudes, I12(y,) - - - I1%(y,), with a weight given bye™ Fl!lI,
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Lacking the knowledge necessary to calcule{dI] from 1

the underlying dynamics, the authors parametrizetfol p(O):ﬁ- 9
lowing Ginzburg and Landauin retaining the first three 4

terms in a series expansion, then solved the model in a few Ccomparing Eqs(5)—(7), our new approach is character-
particular cases. Remarkably, to leading order in the size ofed by the following correspondence:

the allowed full rapidity range, they obtain a generating

function which has the form of an IDD. z«b,

More recent results obtained in the above-mentioned
frameworks, concerning KNO scaling and phase transitions, Qn—a,, (10)
can be found if8-14.

Stimulated by these results, we propose a new simplified Q- y(b)=p(0)~ ™.

approach to the statistical theory of multiparticle production,
heavily based on IDD properties and valid for any chemical A very interesting property of this novel identification is
potential. thata, is the canonical partition function for a system with a
We denote byQ,(V,T) the partition function in the ca- fixed number of particles, and in particulara, is the ca-
nonical ensemble for a system with a fixed numbeof nonical partition function for a system with one particle. This
particles, volume/, and temperatur€, and byQ(z,V,T) the = means that if we know the multiplicity distribution of a ther-
grand-canonical partition function for a system with fugacity modynamical system, and cast it into a PSD form, we can
z, volumeV, and temperatur&; the chemical potentigk is  not only deduce the grand-partition function but also identify
defined byz=exp(u/ksT), Wherekg is the Boltzmann con- the fugacity of the system and the canonical partition func-
stant. tion. As an intriguing example of this correspondence, moti-
We recall the relation between the partition functions, vated by the phenomenological analysis of multiparticle pro-
duction in the GeV region, we will in the next section
> examine the NEPascaMD.

Q(z,V,T)= ZO Z"Qu(V,T). (4)
"~ Il. THE NEGATIVE BINOMIAL DISTRIBUTION

Accordingly, in a statistical mechanics framework, the prob-  Any discrete IDD can be written as a compound Poisson
ability p(n) of finding n particles in the system is the fol- istibytion (CPD) [16], i.e., the number of clans can be

lowing: defined in such a way that the void probability is
(ny= 2V D _ 128570 ) p(0)=exp(~N). (1
PIV=0@ VT " ni Qg
z=0 Comparing with Eq.(6), we notice that for any IDD, the

average number of clans is the logarithm of the grand parti-

Noticing that Qo(V,T)=1, we find immediately that the tion function

grand-canonical partition function is the inverse of the void
probability p(0), i.e., of the probability to find no particles in N=InQ (12
the system: :
4 All thermodynamical properties can then be obtained by dif-
p(0)=[Q(zV,T)] * (6) ferentiating the average number of clans. In particular, being

. . . o . for the grand canonical ensemte/=kgT In Q, we obtain
This result is very general: the void probability is the inversey,o following equation of state:

of the grand-canonical partition function and all properties of

the system can be obtained fron 15]. PV= WkBT (13)
Consider now the wide class of power series distributions '
(PSD), usually defined as follows: this tells us that our system behaves as an ideal gas of clans,
an interpretation which fits very nicely with the idea that
_ ayb" clans are independent objects, as implied by the definition of
p(n)_mv (7) CPDs.

The NB(PascalMD, with the parametergand K,

with a,, and b free parameters, while proper normalization ’
n

n

requires that k(k+1)---(k+n—1)
p(n)= , —| =], @
% n: n+k/ \n+k
— n
Y(b)_zo D" ® is an example of a PSD, with the following identification:
Notice thata, can always be chosen to bely redefining k(k+1)---(k+n—1)

an: ’

v(b) asy(b)/ag]. Then one has for the void probability, n!
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n which is the ratio of the grand-canonical partition function

b=—, (15 (or of the void probability at two different fugacities. This is
n+k a very general expression valid for any system in the grand-
k canonical ensemble.
y(b)=(1-b)~"% The GF for a CPD can always be written as
Furthermore, the NBMD also belongs to the class of discrete _ IN? N
IDD, the multiplicity distribution inside each clan being of Geol ) =exHNg(L) = N], @D
logarithmic type. _ whereg(u) is the GF for the multiplicity distribution within
We obtain, therefore, the following value fol: each clarit satisfiesg(0)=0].
_ Because of Eq(12), we can write for the class of CPDs
N=—kIn(1-b), (16) _
. . . g . G(u)y=e NQ(uz,V,T). (22)
which also gives the grand-canonical partition function, ap-
plying Eq. (12): However, InQ(uzV,T)=N(uzV,T), hence we obtain
— _h)k J— J—
Q=(1-b)"" (17 G(u)=ex N(uz) —N(2)], 23

Comparing now with our proposed correspondence, EqWhich can be interpreted as a function of th#erencen the

0 e T . e cahonial prtlon nclen average numbers of cans for a system vith uganio
tion of V andT: k=k(V.T): we also find thab is the fugac- that for a system at the actual fugacitykeeping the same

) . o i I dt ture. For the GF withi lan, we find
ity of the system, i.e.b=expu/kgT), and it is a scaling vouime and temperature. For the within one clan, we fin

. - further
function ofn/k, see Eq(15).
We calculate now, using the standard thermodynamical N(uz) Q(uzV,T) P(uzV,T)
relations, the average number of particles in the systein, g(u)= = = (24)

. — Nz QzV.T)  PzV,T)’
which turns out to be equal to timeeparameter of the NBMD:

Interestingly, this is theatio of the average number of clans
(Ny=kgT ﬂ — Kk.Tk dIn(1-b) for two systems with unequal fugacities.

B'\o Tv B u TV In addition, it is interesting to remark that, remembering

that parametek depends oV and T, a complete thermody-
k b kb _ namics can be built in the just-mentioned framework. Its
=kgTo— v—==7—-=N, (18 main quantities are listed in the following and explicitly cal-
1-bkgT 1-D ; :

culated in the Appendix.

consistently with the above-mentioned relatidn=n/(n The equation of state is

+k). We also obtain that the average number of particles per (n)
clan,n., is a function only of the fugacity of the system: KeT kin| 1+ vl (29
Hzé_ (19 thus the average number of clans can be expressed in terms
¢ (b—1)In(1-b) of the thermodynamic potenti}:
This result is very interesting because formally, as already N= —Q/kgT. (26)

pointed out,b is a scaling function of/k, and experimen-

tally n. is seen to vary with the width of the rapidity interval ~ The Helmholtz free energy can be rewritten in a form
at fixed c.m. energy: if one were to identifgseudgrapidity ~ symmetric inn andk:

with volume, one would expect that changing, at fixed

c.m. energy would imply changing the volume at constant _ i:m}ln 14 L) +Kkln 1+<l> 27)
temperature and fugacityntensive variables thus keeping kgT (n) k)
n. constant, contrary to observations. We must conclude that _ .
in the present approach we cannot identify rapidity with vol- '€ average interal energy is
ume as a simple thought would suggest, but we should allow U Jlnk
volume to vary also with other physical quantities. — =N(_> ) (29
We now turn our attention to the generating functi@¥) keT dInT v
for the multiplicity distribution, defined in Eq(l). In the )
general case illustrated by E(), we easily find The entropy is
u'Z'Q, QuzV.T)  p(0)l; Sk [_i” _) nl 14 (0 ] 29
CW=2 "5 " ozvn pol. 2O | ket AT K 29
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which coincides with—A/T in the limit of (¢k/dT)y—0,  second-order factorial cumulants, the decreask iofiplies

which gives alsdJ—0. stronger two-parton correlations. In conclusion, generated
In the next section, we will focus our attention on clan gluons prefer to stay together rather than to stay far apart,
thermodynamics of final charged particle MD. higher parton density regions are generated, the probability

to create a new gluon is enhandedtypical quantum effegt
clans become more populated, and their average number is
IV. CLAN THERMODYNAMICS AND THE reduced. This situation is closer qualitatively to that expected
NB(PASCAL)MD at the hadron level for semihard events in scenarios 2 and 3

In this section, an attempt is made in order to interpret in®f Refs.[1,2]. _ _
the present approach a surprising finding in some of the pos- 'Ne just-mentioned considerations and E(5), (17),
sible scenarios for hadron-hadron collisions in the TeV re&nd(19) of Sec. il fully outline in the present approach the
gion discussed in Ref§1,2], i.e., the unexpected decrease IMmPortance of the behavior of the fugacity variable
with c.m. energy of the average number of clans for semi- The remaining question is how clan thermodynamics re-
hard events in scenarios 2 and 3. sults at the parton level can be extended to final particles

We are guided by two consideratior(s: The occurrence th_rough th_e hadronization mechanism. A_ possible answer to
of the NB(PascgMD—as is the case in the scenarios men-this question comes from GLPH[L7], which says that all
tioned above both for semihard and soft events—is usua"ymlua_ve fmstrlbutlons are proportional at the two levels of
interpreted as the result of a two-step process: to the inddvestigation:
pendent production of clans during the first step, it follows
their decay according to a logarithmic distribution, which Qn.hadronbY1: - - - ¥n) = P"Qn partond Y1+ - - - Yn), (30)
can be obtained by a weighted average of geoméRuse-

Einstein distributions during the second stdp) The valid- )
ity of the generalized local parton hadron duali§LPHD). ~ Which corresponds for NBMD parameters to

It should be pointed out that clan ancestors are indepen-
dently produced and Poissonianly distributed, by assump-
tion, and a clan is, by definition, a group of partons of com-
mon ancestor; a clan consists of at least one parton, its
ancestor. Each ancestor can be considered as an independ@&htPHD can be applied separately to soft and semihard com-
intermediate gluon source. All correlations among generategdonents thus solving our problem. In particular, in this
partons are exhausted within each clan. framework minijets production is related to the existence of

Clan ancestors can be produced either very early in theegions of high gluon densities and final particle production
production process at higher virtualities or later at lowershould be sensitive to the mentioned quantum effects, by
virtualities. increasing two-particle correlations and BE effects.

In the first case, the ancestor’s “temperatur@h un- Motivated by these considerations, the behavior of param-
known function in this approach of the average and the eterb as a function of c.m. energy, as well as thelepen-
rapidity) is expected to be higher: this expectation, togethegence ofN, andn,, have been explored as a suggestive ex-
with the lack of mutual correlations among ancestors, emample in the different above-mentioned scenarios
phasizes their overall quasiclassical behavior: ancestor prgshenomenologically described in terms of NBMD's. In addi-
duction in this case is competitive with the increase of gluo”tion, in view of their simple connections Witk andﬁc, the

population within each clan. This situation is qualitatively j. - it of having no particles in the evemt(0). and the
closer to that expected at the hadron level for soft events an% . y . gnop M )
semihard events in scenario 1 void scaling function(n/k), have been studied as a func-

In the second case, ancestors are produced later, at lowhfn Of fugacityb. It turns out that the analysis in terms of
virtualities: their “temperature” should also be lower, with P(0) andW(n/k) variables confirms the main result of the
even “colder” generated gluons. Their virtuality is lower. New approach, i.e., that the reduction of the average number
Accordingly, quantum effects should be expected to be enof clans with the increase of c.m. energy is a quantum effect.
hanced in events sharing these properties: new produced glu- WWe proceed now to discuss the thermodynamical behavior
ons prefer to stay together with other relatives within eactPf multiparticle production according to the scenarios de-
clan rather than to become ancestors and initiate a new clafcribed in Sec. | and fully characterized by the c.m. energy
The k parameter is in this case lower and closer to that of &lependence shown in Fig. 1. We start with the soft compo-
Bose-Einstein distribution, which occurs foe=1. These re- nent thermodynamical behavior since it is assumed to be the
marks are consistent with the interpretation df {¢ee[4])  same in the all above-mentioned scenafiee Fig. 2
as a measure of aggregation of partons into clans: it corre- We observe that fugacity is growing very fast from 0.25
Sponds to the ratio of the probab|||ty to have two g|uonst0 0.75 with c.m. energies below 100 GeV and then SmOOthly
(particles at the hadron leyeh the same clan over the prob- varying from 0.75 up to 0.9 at 14 TeV. The explanation of
ability to have two gluons in two separate clans, i.e., thethis behavior will be given in terms of the following three
smaller k parameter corresponds to a higher aggregatiof{NOWn possible interpretations of the occurrence or(fs-
among produced gluons into clans. In addition, being 1/ c@)MD in high-energy physics phenomenology, which in
linked to the integral of two parton rapidity correlations via terms of parametens andk are:

Khadror™ kpartona Nhadror= PNparton- (3D
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FIG. 1. Center-of-mass energy dependence of standard NBMD parameteckk in the three scenarios described in the Sec. I. The top

two panes show the behavior of(it is the same in all scenarios for both the semihard and the soft compofieatiower four panes show
the k parameter for the soft componeigual in all scenarigsand the semihard one in the three scenarios.

@) o(n)

where a=kn/(n+k) and B=n/(n+k); notice that fora

(n+1)p(n+1)

+8n, (32a

=p, i.e., fork=1, the MD p(n) becomes a Bose-Einstein
distribution, for 3=0, i.e.,k—, a Poissonian distribution
(the Poissonian limjt and fora=0, a logarithmic distribu-
tion, which can be expressed as the superposition of Bose-
Einstein distributions;
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FIG. 2. Results for the soft componefgqual in all scenarigsIn this figure, the lines and the open points show the results from our
extrapolations: the solid line refers to full phase space, the dashed lines and open square to thésjhtetvalhe last point on each line
corresponds to a c.m. energy of 14 TeV. The solid circles show full phase-space data from ISR and UAS5, the solid triangles refer to UA5 data
in the interval| »|<1. (a) Fugacityb as a function of c.m. energyh) a parameter as a function of c.m. ener@g); average number of clans
vs fugacity; notice that this is also a plot of the grand partition function in logarithmic scale,Sindeg Q, Eq. (12); (d) average number
of particles per clans vs fugacity; here for clarity the curves and the dafayferl are shifted up by two unitgg) void probability vs
fugacity; (f) void scaling function) vs fugacity; also here curves and the data|fgr<1 are shifted down by 0.2 units.
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FIG. 3. Same as Fig. 2, but the semihard component in scenario 1 is shown.
(b)  N=kIn| 1 ﬂ ne n (c) (0) k|’ % I(| 1 ﬂ (320
=kin| 1+ -], n=———, c p(0)={——| , ==In| 1+ —], (o
k ¢ KkIn(1+n/k) n+k n k

(32b

whereN is the average number of clans amdis the average Where p(0) is the probability of generating zero charged
number of particles per clan; particles and/(n/k) is the void scaling function; the occur-
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FIG. 4. Same as Fig. 2, but the semihard component in scenario 2 is shown.

rence of scaling in the product of the first two moments the particles are more numerous and correlated.

and 1k indicates two-particle correlation dominance for

It should be pointed out that th@ parameter in Eq(323

hierarchical systems, and the distance from point one&oincides with the fugacitp discussed above in our thermo-
[Poisson limitY(0)= 1] on the scaling function is larger, and dynamical approach and therefdrdike V(n/k), is a scaling
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FIG. 5. Same as Fig. 2, but the semihard component in scenario 3 is shown.

function ofn/k, and thea parameter corresponds to the av- indication of the relative importance of a behavior closer to a
erage charged multiplicityn, for a classical systemk( quantum one, i.e., harder, with respect to a behavior closer to
— ), a quasiclassical, i.e., softer, for a class of events. A very slow

In this sense, the relative behavior®&b anda=kb as increase ob with c.m. energy and an almost constant behav-
the c.m. energy increases in view of E§29 and the dis- ior of a=kb is the main characteristic of the class of soft
cussion at the beginning of this section can be considered agvents as shown in Figs(& and Zb).
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This fact is confirmed by inspection of Figdcand 2d),  patrticles, in view of the higher densities, is therefore much
where it is shown thall is a very slow growing function of higher and the void probability is far from the Poisson limit.
the fugacity of the system throughout the ISR region and SCG”""”? 3 is @ QCD-inspired scenario for the semihard
below that region £ 7), and then a quickly growing function COMPONent: it assumes for parameker QCD behaviofsee
of the same variable in the GeV region up to 14 in the Te\Fig. 9. This scenario gives a panorama for our variables

) — . . .. which is intermediate between the two extremes, 1 and 2.
region (14 TeV); n. as a function of the fugacity has a simi- g,gacity b is increasing very fast with c.m. energy as in
lar behavior, from~=1.5 to~3.

_ o ] scenario 2, but the parameter has a sweeter trefitds ~ 6
Accordingly, the probability of creating zero charged par-5; 14 Te\j indicating stronger independent production; this

ticles, p(0), is decreasing throughout the same regions fromract is clearly shown in Figs.(6) and 5d), whereN is larger
1072 to 10 ° (for b=0.9 at 14 TeV c.m. energyin addition — . . . ) .
andn, is smaller than in scenario 2. Differencespif0) and

[Fig. 2f)], the void scaling function/(n/k) turns out to — o )
populate for larger values of fugacity variable sections of thev(n/k) behaviors in full phase space as well asjpseudy

. . . ~ . rapidity intervals with respect to scenario 2 are all conse-
curve_far from the P0|sso.n|an Ilm[tV(Q)—lj, showmg_ a guences of the just-mentioned remarks.
clear increase of two-particle correlations in this region as
expected for a hierarchical system.
It should be noticed that in the soft scenafi® minijets, V. CONCLUSIONS

constantk parameter behavior in rapidity intervals as re-  cjan thermodynamics has been investigated in order to
quested by KNO scaling in the GeV and TeV regions implies xplain the decrease with c.m. energy@for the semihard

that also the other variables remain constant in the samg oo .
regions. component and its increase for the soft one in the most real-

In scenario 1, as already pointed out, the semihard Con-iEStiC scenarios of multiparticle production in the GeV and

ponent is assumed to have a very similar behavior to the so e?//i r;aglfor;s |Inrr11h CO|iIrI1$tlonS;. Itrturpsr out Ithatrtflesel twc; b?' ;
one: KNO scaling is satisfied and minor changes in the gen—a ors for clans point out structures closer to ciassical o
eral trend of the variables both in full phase space and jfluantum properties of gluons. A thermodynamical approach

(pseudgrapidity intervals are straightforward consequencests0 nrguIt'gzt'gﬁeﬁﬁqnuecépg \tﬁas ffggsgrugrtfdog?ﬂg'sscgﬁg' Re-
of the smaller constark parameter value suggested by NB Uits w : : W

fits for the semihard component in the GeV and extrapolate pplied separa}te!y. in th? two components and can be ex-
to the TeV regionFig. 3. ended to any infinitely divisible distribution.

Coming to the second scenario, the assumption of strong
KNO scaling violation for the semihard componéah ex- APPENDIX
treme point of view with respect to that of scenaripith-
plies a completely new panorama with dramatic change
Fugacityb [Fig. 4(a)] is growing very fast from 0.4 at 200
GeV c.m. energy up to 0.96 at 14 TeV almost saturating the
maximum allowed value, which is 1, and tle parameter
Fig. 4(b)] is decreasing very rapidly fron¥ 16 at 200 GeV kb —
'Eo 234(512]14 Tov, Do RPN A=(mu—PV=1—pn—ksTN. (A1)

The combined information contained in the two figures
leads to the same conclusion, i.e., the proposed semihard The average internal energy is
scenario behavior is much closer to a quantum one than the
soft scenario favoring the production of regions of higher
particle density. This interpretation is confirmed by studying U=k T2( r?ﬁ>

=kgT? —=
b,V

S The main quantities of clan thermodynamics are explicitly
calculated in the following.
The Helmholtz free energy is

general trends of the other variables as a function of fugacity

b. The average number of clahsis decreasing in full phase
space from=30 (b~0.35), to~10 at 14 TeV p~0.96) and

the average number per clam,, is increasing from=1 to _ —kBT2<(9—k In(1—b)
~8 in the same interval. Accordingly, the probability of zero aTl,,

particle production is increasing from¥10 3 to ~10 %,

i.e., gap probability is increasing with fugacity and c.m. en-

ergy; in parallel, the void scaling functiovi(n/k) is popu- :kBTZ(ﬁ_k) Inl 1+ @)
lating sections with much highdrvalues than in scenario 1 aTly, k

corresponding to regions much farther from the Poissonian
limit. One interesting point concerns small@seudgrapid-

ity intervals(say| 5| <1): the general trend iithﬁis lower _ kBTZE ( 3_") (A2)
than in full phase space as are correspondingalues, thus k1oT v

suggesting the onset of regions with higher particle densities
and lower temperatures. The probability of generating zero The entropy is
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The specific heat at constant volume is

S= kgN— kTﬁak
= RN (ke | 57

(n > o[ 7K L
+—+
C, 2kBT( BT) In| 1 kgT aT In| 1 s
%
e Tz(ak 1 ( <n))(ak)
_ k n B -
=kgN+kg(n)In| 1+ +kBT In 1+Q Gk e [T
( ) T/, k
U [ K (n)
=2—+kgT*| —| In| 1+ —
T JIT2 k
k k+T(ak> I 1+<n> +(n)In| 1+ !
= —| |In —_— nyin —
B T v < > <n> . T2 Ik 2 <n> "
(A3) 511 aT) | k(k+(n))" (Ad)
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