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Abstract:

We study the multiplicity fluctuation and correlation of identified mesons and baryons formed at

hadronization by the quark combination mechanism in the context of ultra-relativistic heavy-ion collisions. Based

on the statistical method of free quark combination, we derive the two-hadron multiplicity correlations, including

meson-meson and meson-baryon correlations, and take the effects of quark number fluctuation at hadronization into

account by a Taylor expansion method. After including the decay contributions, we calculate the dynamical fluctu-
ation observable vqy, for Km, pt and Kp pairs and discuss what underlying physics can be obtained by comparing
with data from Pb-Pb collisions at /snn=2.76 TeV and simulations from the HIJING and AMPT event generators.
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1 Introduction

At sufficiently high temperature and/or energy den-
sity, strongly interacting matter will undergo a phase
transition from hadronic matter to a state in which
quarks and gluons are not confined, the quark gluon
plasma (QGP) [1]. Relativistic heavy-ion collisions serve
as a laboratory to experimentally study the properties
of QGP [2]. Dynamical fluctuations and correlations of
(multi-)particle production carry important information
on reaction dynamics, and are often used to study the
properties of the phase transition between hadronic and
partonic matter as well as the QCD critical point [3-20].

The multiplicity of the hadrons produced is one of the
most basic quantities which reflects the reaction dynam-
ics. The experimental data of event-averaged multiplic-
ity of hadrons not only, by virtue of statistical models,
give information on the volume and temperature of the
system at chemical freeze-out [21-23], but also reveal the
microscopic hadronization mechanism of the bulk quark
system [24, 25]. Fluctuations of hadron multiplicities,
and in particular, those of multiplicity ratios, carry so-
phisticated information about the dynamical properties
of the hot quark matter, and (in particular) informa-
tion about the confinement phase transition [13, 26, 27].
Many measurements of event-by-event particle ratio fluc-
tuations have been carried out by the NA49 collabo-
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ration in Pb-Pb collisions at the CERN Super Proton
Synchrotron (SPS) [8-10], by the STAR collaboration in
Au+Au collisions at the BNL Relativistic Heavy Ion Col-
lider (RHIC) [11, 12], and by the ALICE collaboration
in Pb-Pb collisions at the CERN Large Hadron Collider
(LHC) [28].

We note that the available theoretical explanations
of these data are usually based on thermal/statistical
models or on direct simulations of popular event gener-
ators [14-19]. Explanations and predictions from differ-
ent models of hadron production at different stages are
needed, which will reveal the underlying physics of the
experimental data from different viewpoints. In this pa-
per, we study the multiplicity fluctuation and correlation
of mesons and baryons created from hadronization using
a quark (re-)combination mechanism. We focus on the
effects of quark combination itself and those of quark
number fluctuations at hadronization, and derive the
multiplicity fluctuation and correlation of mesons and
baryons in the quark combination mechanism. Applying
our formulas, we calculate a dynamical fluctuation ob-
servable v4,, [26, 27] and discuss what underlying physics
can be obtained by comparing with the data in Pb-Pb
collisions at /sy =2.76 TeV and simulations from the
HIJING and AMPT event generators [28]. Here, we only
study the situation of zero baryon number density, in
which the inputs or parameters are relatively few and
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easily fixed. Studies of Au+Au collisions at RHIC ener-
gies are left to forthcoming work.

The paper is organized as follows. Section 2 gives a
detailed formulation for the inclusive multiplicity of iden-
tified hadrons and two-hadron multiplicity correlation
in QCM. Section 3 shows how to include the effects of
quark number fluctuation and correlation at hadroniza-
tion. Section 4 takes the decay effects into account. Sec-
tion 5 gives the numerical results of a dynamical quan-
tity v4yn and discussions of different contributions, and
a comparison with the experimental data and event gen-
erators. Section 6 summarises the work.

2 Hadronic multiplicity and multiplic-
ity correlation in quark combination
mechanism

In this section, we study the hadronic multiplicity
and two-hadron multiplicity correlation in the quark
combination mechanism (QCM). In QCM, a hadron is
produced at hadronization by the combination of con-
stituent quarks and antiquarks neighboring in phase
space. These constituent quarks and antiquarks serve as
the effective degrees of freedom for the strong-coupling
quark-gluon system at hadronization. The mechanism
has been applied with fair phenomenological success in
explaining the data of hadronic transverse-momentum
spectra, yields and longitudinal rapidity distributions
[24, 25, 29-39]. In this paper, we do not intend to dis-
cuss the space-time details of the combination as done in
Refs. [31, 32, 34, 38], but concentrate on the multiplic-
ity properties of the identified hadrons based on a quark
statistical approach with the effective constituent quark
degrees of freedom.

2.1 Multiplicity of identified hadrons

For the hadronization of a quark system with given
numbers of quarks and antiquarks denoted by N, with
f=u,d,s,1,d,s, we follow our previous work [40] and write
the average multiplicities of identified hadrons directly
produced by quark combination in the following form

NBi:N}(B’qi)quz%ﬂBw (1)
NAQZN](\:IIZIPQNE*’MU (2)

where Ngi_) = NiteerH;Lifi (N;—j+1) is the combina-
tion number of three quarks with specific flavors relat-
ing to B; formation. n¢ g, is the number of constituent
quarks f contained in baryon B;. Ny., is the iteration
factor and is taken to be 1, 3, and 6 for the cases of
three identical flavor, two different flavors and three dif-
ferent flavors contained in a baryon, respectively. Exam-
ples N@ =3N,(N,~1)N; and N* =N, (N,~1)(N,~2)

(2)

show the evaluation of Ny’. P, 4,4, 5, denotes the

combination probability of ¢,¢2q3 — B;. The meson
formula is similar. The combination number of spe-
cific quark-antiquark pairs for M, formation is IV }v}” =
Sewr LI Y " (Ng—j+1). Here, index f runs over
all flavors of quarks and antiquarks. Index k takes
into account the case of the flavor mixing for some
mesons, e.g., m° is composed by uii and dd with equal
weight 1/2. k runs over all channels of flavor mixing and
wy, is the weight of the k-th channel. ng p, j is the num-
ber of constituent (anti-)quarks f in the k-th channel and
is taken to be 1 or 0. Pg,4,—.a, denotes the combination
probability of q;G,— M.

The combination probabilities Py, 4,q:,—n5;, and
P, 4,—u, can be determined with a few parameters:

19

Np

P‘Il‘IZQS"Bi = CBi quq (3)
N]\/I

,PQICTQ"Mi:CIWi N (4)

Here, Ny = ZJ.NBJ. is the average number of total
baryons and N, =), N; is total quark number. Ny, =
N,(N,—1)(N,—2) denotes the total possible number of
three-quark combinations for baryon formation. Con-
sidering the flavor independence of the strong interac-
tion, N 5/N,,, can be used to approximately denote the
average probability of three quarks combining into a
baryon. Factor Cp, denotes the probability of forming B,
for a given ¢;¢»q3 combination which is already known
to form a baryon. Equation (4) for mesons is similar.
Ny = ZJ.NM]. is the average number of total mesons.
N; is the total number of antiquarks and N,; = N,N;
is the total number of quark-antiquark pairs for meson
formation. N, /N,; is used to approximately denote the
average probability of a quark and antiquark combining
into a meson. C), is the probability of forming M; for a
given flavor ¢, @, combination which is already known to
form a meson.

In this paper, we only consider the production of
ground state J¥=0",1~ mesons and J”=(1/2)",(3/2)*
baryons in the flavor SU(3) group. For mesons, we in-
troduce a parameter Ry, p to represent the ratio of the
JP =1~ vector mesons to the J¥ = 0~ pseudoscalar
mesons of the same flavor composition, and we have

1
——— for =0~ mesons
for J¥=0
14+Ry/p
Cvi=1 R ()
/P for JP=1" mesons.
1+Ry,p

Similary, we introduce a parameter Ro,p to represent
the ratio of J? = (1/2)" octet to the J¥ = (3/2)" de-
cuplet baryons of the same flavor composition, and we
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obtain
R A
O/ gy JP= (—) baryons
) 1+Ro/p 2
Cp, = ) N (6)
m for JP: (5) baryons7

except that CA = Cgf) = RO/D/(1+2RO/D)a Cz*o =
1/(142Ro,p), Ca++=Car-=Cq- =1. Parameters Ry, p
and Ro,p are set to be 0.45 and 2.5, respectively. The
number of constituent quarks is conserved at hadroniza-
tion, which means

NM+3NB:N¢1; (7)
Nu+3Nz=N,. (8)

In Ref. [25], we obtained the empirical solution of N,
Np and Nj for the hadronization of large quark sys-
tem, which was tested against the RHIC data. As the
net baryon number is negligible at LHC energies, the for-
mula of baryon number is simply Nz~Nz~N,/15 and
meson number is obtained by the above quark number
conservation. In addition, the conservation of specific
quark flavor is also satisfied,

Z?’L{yawa:N{. (9)

Index o denotes a hadron of kind « and f=u,d,s,a,d,s
denotes the flavor of quarks and antiquarks.

2.2 Two-hadron multiplicity correlations

2.2.1 Two-baryon correlation

We start from the pair production of two baryons B;
and B‘7

— Np(Np—1
NBz'Bj :OB»LCBJ'NEII-)B]' % (10)
6q

Here, N in)B, is the possible cluster number of six specific
quarks relating to B;B; joint formation, and is evalu-
nf, i+n’ .
ated as N](qu)Bj =Niter,B, Niter.5, Hfka:f f.BJ (Ni—k+1)
where f runs over all quark flavors. Ng,=[]_5 (N,—i+1)
is the total possible cluster number of six quarks.
Ng(Ng—1) is the number of two-baryon pairs and
Ng(Np—1)/Ns, gives the average probability of six
quarks combining into two baryons. We rewrite the term
EBZCEN](BZ)B]/NGQ = PBZ'PBJ- (]‘_ABiBj) where PB'L =
Np,/Np denotes the fraction of baryon ¢ in total baryon
production. Ap, g, is a small quantity of the magni-

tude O(N;'). Using the relation Ng(Np—1) =05+

Npg (Ng—l), we have
UBiBj =Np,Np, _NBiNBj
ZNBiBj +6; ;N g, _NBiNBj
:PBiNB (6i,j_PBj)

+Pp, Py, [(1=Ap,p,) 7% —Ap 5, Ns (N5—1)].
(11)

The first term on the right-hand side is the result of a
binomial distribution and is the leading term in the two-
baryon multiplicity correlations. The second term on the
right-hand side is quite small relative to the former. For
more detailed discussions and numerical results on the
above two-baryon correlation, we refer readers to Ref.
[41]. The variance of total baryons 7% is not determined
analytically at present and we adopt a parameterization
5% ~ 0.36 N, according to the simulation of a quark
combination model developed by the Shandong Group
(24, 35].

For the baryon-antibaryon multiplicity correlation,
we firstly write the pair production of baryon-antibaryon
as

Np,5,=Cp,Cp, N No N

. . b)
Bil5 Nagsq

(12)

where N 1(;)3 is the possible number of -clusters
i2j
of three quarks and three antiquarks relating to

B;B; joint formation, and is evaluated as N 1(;)3 =
i3
ng B, +nvaj

Nite’r,Bi Niter,Bj HfHk:l (Nf_k+1)7 where index f
runs overs all flavors of quarks and antiquarks. Nz,s;=
NyyaNaga and NgNp=5%+NpN . Using the notation
Pp,and Pp,, we have

aBi};j:NBiN};j _NBiNBj:PBiPBjE%- (13)
2.2.2 Two-meson correlation

The pair production of two mesons M; and M; is
written as

Ny (Na—1)
N2q2ti '

N st,31,=Cirr, Cas, N7 M, (14)
Here N 1(5) m, 1s the possible number of clusters of
two specific quarks and two specific antiquarks relat-
ing to two-meson joint formation, and is evaluated as
YWk Hf]_[:’:ﬂfi’ﬁnf’Mj’l (Ny—m+1), where index f
runs over all flavors of quarks and antiquarks. Nagoq =
N,(N,—1)N;(N;—1) is the total number of all gqgg com-
binations. Ny, (N, —1) is the number of two-meson pairs
and Ny (Npr—1)/Nayoq is the average probability of two
quarks and two antiquarks cor(nl)oining into two mesons.
NZ\/(}'Z\/I,-

L =Py, PMj (1_A]Wi]\lj)

Nag2q

We rewrite the term Cy, Cy,

where Py, = NMi /NM denotes the fraction of meson
i in total meson production. A, M, is a small quan-

tity of the magnitude (’)(N{l). Using Ny (Ny—1) =
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E?VI +N1w (W]w — 1) , We have
UMi M;= Ny, N]\/Ij _NMiNMj

:P]\/IiNM (5i,j_P]\/Ij)

+Pur, P, I:(]-_A]Vfi]wj)E?\/[_Alvfilvfjwﬂf (NM—l)] .

(15)

This is quite similar to the two-baryon correlations in
Eq. (11). The first term on the right-hand side is the
form of the binomial distribution. The second term on
the right-hand side is related to the fluctuation of global
meson production and the effects of finite quark numbers
by the A, coefficient. We notice that the influence
of the second term on two-meson correlation is obvious
for some hadron species.

2.2.3 Baryon-meson multiplicity correlation

A similar procedure is applied to baryon-meson corre-
lations. We firstly write the pair production of a baryon
and a meson as

NBI» M; = CBi CMj N ](B?I\/Ij (16)

where N }g‘i)Mj is the possible number of clusters of
four specific quarks and an antiquark relating to
B;M; joint formation, and is evaluated as N ](B?Mj =
N’Lter,Bi Ekwk Hf H::’:Bll +nf,Mj’k (Nf—m+1) N4qq =
N,(N,—1)(N,—2)(N,—3)N; is the total number of clus-
ters of four quarks and an antiquark. We rewrite

NNy = 2+ NpN, using the unitarity N, -+
3N = N, and rewrite the term Cfp, C’M] 1\%1)1{{ =
Pp, Py, (l—ABiMj), and we obtain
asiMj =Np,Nu, —NsiNMj
=Pp, Py, (1_AB1»AIJ-) (_36?3+NBNM)
—Pp, P]\/IjNBNM
:_PBiPI\/Ij [3 (l_ABiI\/Ij)E2B+ABiI\/IjNBNM} .
(17)

The antibaryon-meson correlation is obtained by taking
the charge conjugation transformation of Eq. (17).

3 Effects of quark number fluctuation
and correlation at hadronization

The quark system produced in heavy ion collisions al-
ways varies in size event-by-event, and we should take the
effects of the fluctuation of quark numbers into account.
Suppose the number of quarks and that of antiquarks
follow a distribution P ({ NNz };{(N),(Ns)}) around the
event average (N;) and (N;) with f=wu,d,s. The event

average of a hadronic quantity A, is then

W= Y APUNNY (V) (Ni)}), (18)
{wene}
where A, is the result for given quark numbers and anti-

quark numbers. We expand A, as a Taylor series at the
event average of quark numbers {(N;),(N¢)},

_ _ 0A
Ah:Ah‘(')—i_Z 8N:

Z 8 A,
(9Nf1 ONg, |
where indexes f; and f, run over all flavors of quarks and
antiquarks and dN;, = N;, —(Ng, ). The subscript () de-
notes the evaluation at the event average. Substituting
the above into Eq. (18), we get

(Ap)=An+= Z A, Cr 1, +O((Ng)™2). (20

(9Nf1 ON;, 72

SN,

5Nf15Nf2+(9(N{2), (19)

where Cy, 5, =(0N;, 0Ny, ) is a two-body correlation func-
tion of quarks and antiquarks and we drop the subscript
(-) for short. Applying it to the multiplicity quantities
N, and N,Ng, we have, up to second order

| _
<Na>:Na+§Z(812NQ)Cf1f2, (21)
f1f2
_ 1 _ _
CQBZCQL;—FEZ [261Na 82N5+6120a5} Cf1f27 (22)
f1f2

where we have used the abbreviation 0; = % and
1

_ 52
Oz = dNg, ONg, *

homogeneous function of quark numbers, and quark cor-
relations Cf, s, are usually of the magnitude of (Ny,) or
(Ng,), ((%zwa)Cfl s, has the magnitude of N,/N¢, and
therefore affects (N, ) at 1/(N;) level. It is very small, as
quark numbers are large. For two-hadron correlations,
the effects of quark number fluctuation are of the mag-
nitude of N, N /N, which is comparable with C,4, and
therefore will significantly influence two-hadron correla-
tions.

As examples, in Fig. 1 we show the numerical results
of variance and two-hadron correlation for a few hadrons.
Quark numbers are taken as (N, )=(Ny)=(Ng)=(Ng)=
1137 and (N,) = (N5) =478, which corresponds to the
size of the quark system in the unit rapidity interval
in 0-5% Pb-Pb collisions at /sxy=2.76 TeV. Here, re-
sults directly by the combination, i.e., Egs. (11), (15)
and (17), are shown as solid circles. The open circles
show the results of Eq. (22) after including only the ef-
fects of quark number fluctuations C¢r = (Ng), and the
solid squares show the results of Eq. (22) after further in-
cluding the flavor conservation of quarks and antiquarks

Because multiplicity N, is an almost
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Cj = (Ng). We see that the effects of quark number
fluctuation and correlation are non-trivial in general and
vary with hadron species. Lattice QCD calculations [42—
44] show that off-diagonal flavor susceptibilities of quark
numbers in the vicinity of the (de-)confinement phase
transition region are quite small compared with diagonal
ones, Xus/Xs:~—0.05 and Xna/Xuu—0.05. Off-diagonal
quark correlations Cf, ;, and Cf, 7, are also usually small
and therefore are not discussed here.

1.05
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Fig. 1. (color online) Variance and two-hadron cor-

relation for a few hadrons. Results by combina-
tion itself are shown as solid circles (ini); results
after considering the quark number fluctuation
(QNF) are shown as open circles (ini+QNF), and
results after further considering the quark num-
ber flavor conservation (QFC) are shown as solid
squares (ini+QNF+QFC).

4 Decay effects

The influence of resonance decay is usually important
and complex. For a resonance «, the probability of the
k-th decay channel is denoted as D, and is taken from
the PDG [45]. The number of stable hadron a in this
channel is denoted as w?,. The number of decay chan-
nels for « is denoted as d,. The multiplicity of stable
hadron a is

(VD)= <5a,a+<1—6a,a>f3Dawik> -

[eY k=1

where we use the superscript (¢) to denote results for ini-
tially produced hadrons and (f) for final hadrons includ-
ing decay contributions. For the two-hadron correlation,

cp=ycy

€o

de
65,a+(1_65,G)ZDEkak]

k=1

do

X 6o,b+(1_6a,b)ZDakwsk

k=1

+Y (NG (1=6.0) (1=0c)

de
X Z D, (5k,k’_Dek/)wgkw§k/7 (24)

k,k'=1

which includes the superposition of two-body correla-
tions of other hadrons which can decay into a and/or b.
In particular, if a resonance € can decay into both a and
b, the (N9} contribution term arises, the second term on
the right-hand side, with a positive sign if a and b come
from the same decay channel (k=k’) and a negative sign
if @ and b come form different decay channels (k # k’).
Extensions of Eqgs. (23) and (24) to cascade decays are
straightforward but the formulas are too lengthy to be
shown in this paper. We use the full decay formulas in
practical calculations.

5 Dynamical fluctuation v4y, of pm, Kn
and Kp pairs

In this section, we discuss an observable v4y, which
is the combination of two-hadron correlations and is pro-
posed as an effective probe of the dynamical fluctuations

2
[26]. It takes the form ((& N ) ) and provides a

(Na)  (Ngp)
measurement of the dynamical variance for the difference
between the relative numbers of the two particle species
A and B. Subtracting the base line of purely statistical
fluctuations ;—l—N;Bw the generalized definition of vqy,

. (Na) " (
is
y _(Na(Na—1))  (Ns(Np—1)) , (NalNs)
dyn,AB <NA>2 <NB>2 <NA> <NB>
70124_<NA> 0125:_<NB>_ Cas
BT ERR A T AT AR

We see that vy, will vanish for purely statistical fluctua-
tions o?=(N) without inter-particle correlation C45=0.
This observable has advantage of symmetry under the
transposition of A and B and of independence of the
detection efficiency.

We first calculate the K7t fluctuations vgy,, k-, where
K refers to K" +K~ and 7 refers to mt4+m~. As dis-
cussed in Section 3, quark number fluctuation and cor-
relation will obviously influence the variance and two-
hadron correlations and therefore vay, k.. In Fig. 2(a),
we show Vgy,, - at different quark number fluctuation A,
and flavor conservation A,. Decay contributions are also
included. Here A\; =0?/(N;) represents the variance of
quark numbers with respect to the mean, and we take the
same value for u, d, and s quarks. Pearson’s correlation
coefficient A\, =C%f/o¢07 is used to describe the flavor con-
servation of quarks and antiquarks, and we also take the
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same value for ufi, dd, and s5 pairs. The averaged quark
numbers are taken as (IN,,) = (Ny) = (Ng) = (Ng) =1819
and (N,)=(N;s) =765, which corresponds to the size of
the quark system in the pseudo-rapidity interval |n|<0.8
in 0-5% Pb-Pb collisions at /snn=2.76 TeV. We see
that vgyn k. increases with the increase of A; and .
The increase of quark number fluctuation A\; will in-
crease the magnitudes of the first and second terms of
Vayn in Eq. (25) by the variance of hadronic multiplic-
ity, see Fig. 1. The increase of A, will mainly increase
the hadronic pair correlation Ck+x- and Cr+ .~ and thus
mainly increase the first and second terms of Vqyy k. For
similar reasons, the results of vayn kp and Vayn pr also in-
crease with A\, and Ay, where p refers to p+p. In Fig. 2(b),
we show the result of Vgy, kx by direct combination (ini),
that by including quark number fluctuation and flavor
conservation in case of \; =, =1, and that by further
including decays, which illustrates these different contri-
butions to the final Vayn kn-

-3

dyn,Kn
—_
QO
=

exp data

05
of-
~05F
] S N S N I
o x10°® 1
; 2
s (b)) 2= . .
s r
> 1= 7\,2=
L S S S
1 }
C °
_o L
ini ini+QNFC ini+QNFC+decay
Fig. 2. (color online) (a) Vayn, k= at different values

of quark number fluctuation A1 and flavor con-
servation A2; (b) the result of vayn k~ obtained
by considering combination itself, that obtained
by including quark number fluctuation and flavor
conservation (QNFC) at A\1=MX2=1, and that ob-
tained by further including the decays. The hor-
izontal solid line with shadow bands in panel (a)
is the value of vgyn k= in central Pb-Pb collisions
at /sSNn=2.76 TeV [28].

The physical values of A\; and A, in the context of
central Pb-Pb collisions at the ALICE detector need to
be discussed. On the one hand, because the pseudo-
rapidity coverage |n| < 0.8 adopted by ALICE for vy,

measurements is only a small fraction of the entire sys-
tem (Ypeam > 8) created in heavy-ion collisions at the
LHC, A\; ~1 is reasonable in view of the Poisson distri-
bution in grand-canonical ensembles. On the other hand,
pseudo-rapidity coverage |n|<0.8 is large for the conser-
vation of quark flavor and we would expect Ay ~1, which
is indicated from the observation that the radius of the
measured charge balance is only about 0.45 [46] in central
Pb-Pb collisions at the LHC. The experimental value of
Vayn,kr [28] in 0-5% Pb-Pb collisions at /syy=2.76 TeV
is shown in Fig. 2(a), where the center value is shown
as a horizontal solid line and statistical and systematic
uncertainties are shown as shadow bands. We indeed see
that the results are close to the data, as A\; and A, take
large values. However, we emphasize that such a com-
parison only serves as a reference, not as a decisive test of
QCM, because the subsequent hadron re-scattering stage
will also influence the dynamical fluctuation to a certain
extent.

In Fig. 3, we show the multiplicity dependence of
Vayn,kn as well as those of vyyn kp and Vayn pr, where p
refers to p+p. In QCM, hadronic variance o2 and covari-
ance C,g are all proportional to the hadronic multiplic-
ity, which can be seen from Egs. (11), (13), (15), and
(17). Therefore, following the definition of Eq. (25), vay,
is inversely proportional to hadronic multiplicity and also
(dNew/dn), and vy, x (dNg,/dn) for K7, Kp and pm are
almost unchanged if A; and A\, keep constant. The solid
lines in Fig. 3 show the results of QCM at fixed A\; =1
and partial flavor conservation A\, =0.85. The value of
A, is estimated by the measured charge balance function
[46] via \; ~ [ B(6n)don/ [*_B(dn)dén. We notice
that such inverse (dN,/dn) proportionality is one of the
main properties of v4y,, and is also found in other mod-
els or event generators such as AMPT and HIJING, see
the dashed lines and dotted lines in Fig. 3, respectively,
which are taken from Ref. [28]. The experimental data
of Vayn,kny Vayn,Kp, a0d Vayn pr, Which also exhibit such
properties in general, within the statistical and system-
atic uncertainties, are shown in Fig. 3.

Comparison of the results of QCM, HIJING, AMPT
and the experimental data brings us some useful under-
standing. Because the results of HIJING can be regarded
as the superposition of independent pp collisions with
string fragmentation, the comparison between the results
of QCM and those of HIJING illustrates the possible ef-
fect for the change of hadronization mechanism related
to QGP formation in relativistic heavy ion collisions. We
see that in Fig. 3(a) the result of vy, kx (meson-meson
pair) in QCM is slightly larger than that in HIJING, but
in Fig. 3(b) and (c) those of v4y, px and Vayn, pr (baryon-
meson pairs) in QCM are smaller than those in HIJING
and are closer to the experimental data. The improved
description for pK and pm in QCM is mainly related to
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(color online) Multiplicity dependence of dynamical fluctuations vayn for Kmt, Kp and p7m pairs. The data in

Pb-Pb collisions at /snn=2.76 TeV and results of AMPT and HIJING are taken from Ref. [28].

p production, which is because the baryon production
in the low transverse momentum range in QCM is more
phenomenologically successful than that in string frag-
mentation in the relativistic heavy-ion collisions where
QGP is formed [38]. In addition, the comparison be-
tween results of the AMPT default version and those of
HIJING indicates the effect of the hadronic re-scattering
stage on v4y,. In contrast to HIJING, the AMPT default
version further includes the evolution of the hadronic re-
scattering stage. We see that the results of AMPT, the
dashed lines in Fig. 3, are smaller than those of HIJING
(dotted lines), and are closer to the data. This suggests
that the hadronic re-scattering suppresses the vg4y, of K,
pK and pmt to a large extent. Including this effect will
also improve the QCM results to a certain extent in com-
parison with the experimental data, which deserves fur-
ther study in future work.

6 Summary

In this paper, we have studied the second-order mul-
tiplicity fluctuation and correlation of identified mesons
and baryons in the quark combination mechanism. We
have built a preliminary framework in which the effects
of different ingredients, such as quark combination itself,
quark number fluctuation and correlation at hadroniza-

tion, can be separated and studied individually. Be-
cause the fluctuation and correlation of hadrons in the
quark combination mechanism mainly depend on the
constituent quark content of hadrons, there are lots of
potentially interesting correlation properties among the
results of different hadron species. These can be used to
test the mechanism and, more importantly, obtain infor-
mation about fluctuation and correlation for the quark
system at hadronization, by virtue of the data of experi-
mental observables. As an example, we have calculated a
dynamical fluctuation observable vy, for K7, prt and Kp
pairs in the context of Pb-Pb collisions at /syx = 2.76
TeV, where we only consider the effects of quark num-
ber fluctuation and quark flavor conservation. In com-
parison with the experimental data and simulations of
event generators, we find that the quark combination
can reproduce the basic behavior of v4y,, and hadronic re-
scattering effects are not negligible. In forthcoming work,
we will systematically consider other nontrivial effects
besides hadronization, such as those of the hadronic re-
scattering stage, finite acceptance, and nonzero baryon
number density at lower energies. We will also carry out
a systematic comparison with the new vy, data of the
LHC and also those of RHIC, and make final predictions
for more hadron species such as pA, KA, pZ and A=.
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