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Heavy-Ion Collisions at LHC in a Multiphase Transport Model
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Using a multiphase transport (AMPT) model that includes scatterings in both initial partonic and final
hadronic matters as well as the transition between these two phases of matter, we make predictions on the
rapidity distributions and transverse momentum spectra of various hadrons, their elliptic flows, and two-pion
correlation functions in ultra-relativistic heavy ion collisions at the Large Hadron Collider (LHC).
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I. INTRODUCTION

Many observables have been proposed as possible signa-
tures for the deconfined plasma of quarks and gluons that
is expected to be produced during the initial stage of ultra-
relativistic heavy ion collisions. These include enhanced pro-
duction of dileptons of intermediate invariant masses [1] and
baryons made of multi-strange quarks [2], increased emis-
sion duration [3, 4], suppressed production of charmonia [5],
large anisotropic flows of hadrons [6], quenching of minijets
with large transverse momenta [7], and scaling of hadron el-
liptic flows according to their constituent quark content [8].
Most of these observables have been studied during past few
years in experiments at the Relativistic Heavy Ion Collider
(RHIC) involving Au+Au collisions at center-of-mass ener-
gies

√
sNN = 130 and 200 GeV. Studying these signatures us-

ing various theoretical models, such as the statistical model
[9, 10], the hydrodynamic model [11–13], the transport model
[14–23], the quark coalescence model [24–27], and the pertur-
bative QCD approach [28, 29], has provided convincing evi-
dence that the quark-gluon plasma has indeed been produced
in these collisions. Moreover, these studies have indicated that
the quark-gluon plasma produced at RHIC is strongly interact-
ing with transport coefficients much larger than those given by
the perturbative QCD [30].

Since heavy ion collisions at energies much higher than
that at RHIC will soon be available at the Large Hadron Col-
lider (LHC), it is of interest to make predictions for above
mentioned observables based on what we have learnt from
heavy ion collisions at RHIC. Using a multiphase transport
(AMPT) model, which has been quite useful in understand-
ing experimental results at RHIC, we have carried out such
a study. In particular, we have made predictions on the ra-
pidity distributions and transverse momentum spectra of var-
ious hadrons, their elliptic flows, and two-pion correlation
functions in Pb+Pb collisions at center-of-mass energy of√

sNN = 5.5 TeV that is to be available at LHC.
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II. THE AMPT MODEL

Before presenting predicted results, we review briefly the
AMPT model [14–16, 31–34]. It is a hybrid model that uses
minijet partons from hard processes and strings from soft
processes in the heavy ion jet interaction generator (HIJING)
model [35] as initial conditions for modelling heavy-ion col-
lisions at ultra-relativistic energies. Time evolution of result-
ing minijet partons, which are largely gluons, is described by
Zhang’s parton cascade (ZPC) model [36]. At present, this
model includes only parton-parton elastic scatterings with an
in-medium cross section given by the perturbative QCD, i.e.,

dσp

dt
' 9πα2

s

2(t−µ2)2 , σp ' 9πα2
s

2µ2
1

1+µ2/s
, (1)

where αs is the strong coupling constant and is taken to have
a value of 0.47, and s and t are the usual Mandelstam vari-
ables for squared center-of-mass energy and four momentum
transfer, respectively. The effective screening mass µ depends
on the temperature and density of partonic matter but is taken
as a parameter in ZPC for fixing the magnitude and angular
distribution of parton scattering cross section. After minijet
partons stop interacting, they are combined with their parent
strings, as in the HIJING model with jet quenching, to frag-
ment into hadrons using the Lund string fragmentation model
as implemented in the PYTHIA program [37]. The final-state
hadronic scatterings are modelled by a relativistic transport
(ART) model [38, 39]. This default AMPT model has been
quite successful in describing measured rapidity distributions
of charged particles, particle to antiparticle ratios, and spec-
tra of low transverse momentum pions and kaons in heavy ion
collisions at the Super Proton Synchrotron (SPS) and RHIC
[15]. It has also been useful in understanding the production
of J/ψ [31] and multistrange baryons [34] in these collisions.

Since the initial energy density in ultra-relativistic heavy
ion collisions is expected to be much larger than the critical
energy density at which the hadronic matter to quark-gluon
plasma transition would occur [16, 31, 40], the AMPT model
has been extended to allow initial excited strings to melt into
partons [41]. In this version, hadrons that would have been
produced from the HIJING model are converted to their va-
lence quarks and/or antiquarks. Interactions among these par-



970 C. M. Ko et al.

tons are again described by the ZPC parton cascade model.
Because inelastic scatterings are not included in the current
version of the ZPC model, only quarks and antiquarks from
melted strings are present in the partonic matter. The species
independence of the cross section used in the ZPC model com-
pensates, however, for the absence of gluons in the early stage.

The transition from the partonic matter to the hadronic
matter in the AMPT with string melting is achieved using a
coordinate-space quark coalescence model, i.e., two nearest
quark and antiquark are combined into mesons and three near-
est quarks or antiquarks are combined into baryons or anti-
baryons that are closest to the invariant masses of these parton
combinations. This coalescence model is somewhat differ-
ent from the ones that are based on the overlap of hadron
quark wave functions with the quark distribution functions
in the partonic matter and used extensively for studying the
production of hadrons with intermediate transverse momenta
[24–26]. The final-state scatterings of produced hadrons from
quark coalescence are again described by the ART model.

Using parton scattering cross sections of 6-10 mb, the
AMPT model with string melting is able to reproduce the
centrality and transverse momentum (below 2 GeV/c) de-
pendence of hadron elliptic flows [41] and higher-order
anisotropic flows [42] as well as the pion interferometry [43]
measured in Au+Au collisions at

√
sNN = 130 GeV at RHIC

[44–46]. It has also been used for studying the kaon inter-
ferometry [47] in these collisions as well as many other ob-
servables at

√
sNN = 200 GeV, such as the pseudorapidity

[48], system size [49, 50], and flavor [51, 52] dependence of
anisotropic flows.

III. RESULTS

Using the AMPT model, we have studied Pb+Pb collisions
at center-of-mass energy of

√
sNN = 5.5 TeV to be available

at LHC, which is an order of magnitude higher than that at
RHIC. Observables shown in the following include the rapid-
ity distributions and transverse momentum spectra of various
hadrons, their elliptic flows, and two-pion correlation func-
tions.

A. Rapidity distributions

The number of particles produced in a heavy ion collision
provides valuable information on the energy density of the
matter formed during the initial stage. Since the multiplic-
ity of produced particles in the AMPT model is essentially
determined by the initial conditions taken from the HIJING
model through the hard and soft processes among colliding
nucleons, the default AMPT model is sufficient for this study.
Shown in Fig. 1 are the charged particle pseudorapidity dis-
tribution (upper left panel) and the rapidity distributions of
charged pions (lower left panel), kaons (lower right panel) as
well as protons and antiprotons (upper right panel) in central
(b≤ 3 fm) Pb+Pb collisions at

√
sNN = 5.5 TeV. Both results

obtained with (lines with circles) and without (lines without
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FIG. 1: (Color online) Rapidity distributions of charged hadrons (up-
per left panel), pions (lower left panel), kaons (lower right panel) as
well as protons and antiprotons (upper right panel) for central (b≤ 3
fm) Pb+Pb collisions at

√
sNN = 5.5 TeV from the default AMPT

model with (lines with circles) and without (lines without symbols)
nuclear shadowing.

symbols) nuclear shadowing of nucleon parton structure func-
tions are considered. Compared to those at RHIC, rapidity dis-
tributions at LHC are significantly wider and higher. At mid-
rapidity, the distributions without shadowing are higher than
corresponding ones with shadowing by about 80%. The high-
est value at mid-rapidity is about 4500, well within the LHC
detector limit of 7000 particles per unit rapidity. The mid-
rapidity density with nuclear shadowing is about 2500, more
than a factor of three higher than that at RHIC. It is also higher
than the logarithmic extrapolation from lower energy data but
lower than the saturation model prediction of about 3500 [53].
The charged hadron pseudorapidity distribution shows a clear
plateau structure near midrapidity which is very different from
predictions from saturation models [54, 55]. The proton and
antiproton rapidity distributions are close to each other and
are almost flat. This is different from the proton and antipro-
ton distributions at RHIC where protons are seen to dominate
at large rapidities.

Most produced particles at LHC are from hard processes
that are dependent of nucleon parton distribution functions.
Since the parton distribution functions used in the present HI-
JING model is the old Duke-Owens set 1 [56] which gives
far fewer partons at small-x than more recent MRSA [57] and
4-flavor CTEQ6M [58] parameterizations, we might expect it
to under-predict appreciably the particle multiplicity at LHC.
However, saturation of gluons either in the initial nuclei or
in the final state is expected to reduce the difference between
predicted particle multiplicities from different parton structure
functions.
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B. Transverse momentum spectra
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FIG. 2: (Color online) Transverse momentum spectra of pions (solid
line), kaons (dashed line), and protons (dash-dotted line) from the
default AMPT model for central (b ≤ 3 fm) Pb+Pb collisions at√

sNN = 5.5 GeV (lines with circles) and for central (b ≤ 3 fm)
Au+Au collisions at

√
sNN = 200 GeV (lines without symbols).

Using the default AMPT model, we have also studied the
transverse momentum spectra of various hadrons in central
(b ≤ 3 fm) Pb+Pb collisions at

√
sNN = 5.5 TeV at LHC. As

shown in Fig. 2 by lines with circles, their inverse slope para-
meters, particularly for kaons (dashed line) and protons (dash-
dotted line) with transverse momenta below 0.5 GeV/c and 1
GeV/c, respectively, are larger than those at RHIC which are
shown by lines without symbols. The increased inverse slope
parameters at LHC is due to a larger transverse flow as a result
of stronger final-state rescattering. Similar to that observed
at RHIC, the proton spectrum is below that of pions at low
transverse momenta, but they become comparable at about 2
GeV/c.

C. Elliptic flow

The elliptic flow in heavy ion collisions measures the asym-
metry of particle momentum distributions in the plane perpen-
dicular to the beam direction. It is defined as one half of the
second Fourier coefficient of the azimuthal angle distribution
of particle transverse momentum and can be evaluated via

v2 =

〈
p2

x − p2
y

p2
x + p2

y

〉
. (2)

In the above, the x-axis is along the impact parameter in the
transverse plane of each event while the y-axis points out
of the reaction plane, and the average is taken over con-
sidered particles. It results from initial spatial asymmetry

in non-central collisions [59, 60]. Theoretical studies have
shown that the elliptic flow is sensitive to the properties of
the hot dense matter formed during the initial stage of heavy
ion collisions [6, 11, 61–65]. In particular, it was shown in
Refs.[64, 65] via the parton cascade model that the parton
elliptic flow increases with the magnitude of parton scatter-
ing cross section. With a cross section of 10 mb for partons
in the partonic cascade, the AMPT model with string melt-
ing has satisfactorily reproduced the transverse momentum
[41], rapidity [48], and flavor [51, 52] dependence of mea-
sured elliptic flow at RHIC. In this section, predicted elliptic
flow in heavy ion collisions at LHC from the AMPT model
with string melting is shown for both light and heavy quarks
as well as resulting hadrons.

1. Light quarks and hadrons
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FIG. 3: (Color online) Elliptic flows of light quarks (left panel) and
pions (right panel) in Pb+Pb collisions at

√
sNN = 5.5 TeV and im-

pact parameter b = 8 fm from the AMPT model with string melting
and parton cross section of 10 mb.

In Fig. 3, we show by solid lines the transverse momentum
dependence of the elliptic flows of light quarks (left panel)
and pions (right panel) obtained from the AMPT model using
a parton cross section of 10 mb for Pb+Pb collisions at center-
of-mass energy

√
sNN = 5.5 TeV and impact parameter b = 8

fm. Also shown by dashed lines are parton and pion elliptic
flows at RHIC for Au+Au collisions at

√
sNN = 200 GeV and

same impact parameter. It is seen that both light quark and
pion elliptic flows at LHC are larger than corresponding ones
at RHIC.

In obtaining above results, we have used same parton scat-
tering cross section in the partonic matter produced at LHC as
that at RHIC. The parton scattering cross section used in the
AMPT model is an effective one that depends on the proper-
ties of the partonic matter formed in a collision. The large par-
ton cross section needed to reproduce measured elliptic flow
at RHIC indicates that the partonic matter produced at RHIC
is strongly interacting, consistent with the conclusion based
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on the hydrodynamic model [11–13] as well as the prediction
from the lattice QCD study. Since the energy density or tem-
perature of the partonic matter produced at LHC is expected to
be much higher than those at RHIC, the partonic matter might
become less strongly interacting, leading to a smaller effec-
tive parton scattering cross section and thus a smaller elliptic
flow. Studying the elliptic flow at LHC can therefore provide
important information on the properties of the partonic matter
at high temperature.

2. Heavy quarks and mesons
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FIG. 4: (Color online) Elliptic flows of light, strange, and heavy
quarks in Pb+Pb collisions at

√
sNN = 5.5 TeV and b = 8 fm from the

AMPT model with string melting and parton scattering cross sections
of 3 (left panel) and 10 (right panel) mb.

For heavy charm and bottom quarks, their elliptic flows
from the AMPT model with string melting for Pb+Pb colli-
sions at

√
sNN = 5.5 TeV and b = 8 fm are shown in Fig. 4

by filled and open triangles, respectively, for two parton scat-
tering cross sections of 3 (left panel) and 10 (right panel)
mb. Besides increasing with parton scattering cross section,
quark elliptic flows display the expected mass ordering at low
transverse momentum, i.e., the elliptic flow of charm quarks
is larger than that of bottom quarks but smaller than that of
light and strange quarks, which are shown by filled and open
squares, respectively. The elliptic flows of heavy quarks fur-
ther increase with their transverse momentum and become
larger than those of light and strange quarks which peak at
around 1-1.5 GeV/c. They are, however, expected to eventu-
ally decrease at high transverse momentum but are not shown
in the figure due to low statistics.

From elliptic flows of heavy quarks, we can estimate those
of heavy mesons using the quark coalescence or recombi-
nation model [27, 66]. Since coalescence is predominately
among quarks with similar velocity, the elliptic flow v2,M(pT )
at transverse momentum pT of heavy mesons consisting of
one heavy and one light quark is approximately given by [27]

v2,M(pT )≈ v2,Q((mQ/mM)pT )+ v2,q((mq/mM)pT ). (3)
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FIG. 5: (Color online) Elliptic flows of heavy mesons in Pb+Pb col-
lisions at

√
sNN = 5.5 TeV and b = 8 fm from the quark coalescence

model using the quark elliptic flows from the AMPT model with
string melting and parton scattering cross sections of 3 (left panel)
and 10 (right panel) mb.

In the above, v2,Q and v2,q are elliptic flows of heavy and light
quarks, respectively; while mM , mQ, and mq are, respectively,
masses of heavy meson, heavy quark, and light quark.

Using mq = 300 MeV, mc = 1.5 GeV and mb = 4.8 GeV
together with the elliptic flows of quarks shown in Fig. 5, we
have obtained the elliptic flows of heavy open charmed (D)
and bottomed (B) mesons based on Eq.(3). The results are
shown in Fig. 5. Because of much larger heavy quark masses
than those of light quarks, the elliptic flows of heavy mesons
are close to those of heavy quarks, particularly for bottomed
mesons. Eq.(3) can be generalized to heavy mesons with hid-
den charm or bottom, i.e., quarkonia J/ψ and ϒ consisting of
a heavy quark and its antiquark. Their elliptic flows at pT are
then twice that of their constituent heavy quarks at pT /2 and
are also shown in Fig. 5.

The elliptic flows of heavy mesons have already been stud-
ied at RHIC via measurement of their decay electrons [67, 68].
The observed large value in Au+Au collisions at

√
sNN = 200

GeV is consistent with large elliptic flows of heavy quarks,
particular that of charmed quarks as shown in Refs.[51, 69]
based on the quark coalescence model. Without heavy quark
elliptic flow, resulting heavy meson elliptic flow would be
much smaller as shown in Ref.[70]. Studying heavy meson
elliptic flow at LHC is thus very useful for understanding the
dynamics of heavy quarks in partonic matter.

D. Two-pion interferometry

Particle interferometry based on the Hanbury-Brown Twiss
(HBT) effect can provide information on not only the spatial
extent of the emission source but also its expansion velocity
and emission duration [3, 4, 71–73]. In particular, the long
emission time as a result of phase transition from the quark-
gluon plasma to the hadronic matter in relativistic heavy ion
collisions is expected to lead to an emission source which has
a much larger radius in the direction of the total transverse
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momentum of detected two particles (Rout) than that perpen-
dicular to both this direction and the beam direction (Rside)
[71, 74, 75]. Although the extracted ratio Rout/Rside from a
Gaussian fit to the measured two-pion correlation function in
Au+Au collisions at

√
sNN = 130 GeV is close to one [76–

78], the source function extracted from the imaging method
seems to show a longer tail in the out direction compared to
other directions [79]. The small value of Rout/Rside has been
attributed to strong space-time and momentum correlations in
the emission source [80]. Since the quark-gluon plasma pro-
duced at LHC will be at even higher temperature, the emission
source is expected to also have a large radius in the out direc-
tion.

1. Two-particle correlation function

The single-particle emission function S(x,p) in the AMPT
model is given by the space-time coordinate x and momen-
tum p of particles at freeze-out, i.e., at their last interactions.
In terms of the emission function, the HBT correlation func-
tion for two identical particles of momenta p1 and p2 in the
absence of final-state interactions, such as the Coulomb inter-
action, is then given by [3, 81]:

C2(Q,K)

≈ 1+
∫

d4x1d4x2S(x1,p1)S(x2,p2)cos [Q · (x1− x2)]∫
d4x1S(x1,p1)

∫
d4x2S(x2,p2)

,(4)

where K = (p1 +p2)/2 and Q = (p1−p2,E1−E2). The three-
dimensional correlation function in Q is usually shown as a
function of the invariant relative momentum (Qinv =

√
−Q2)

or as a function of the projection of the relative momentum
Q in the “out-side-long” (osl) system [72, 73], defined by the
beam direction (Qlong), the direction along the total momen-
tum of the two particles in the transverse plane (Qout), and the
direction orthogonal to above two directions (Qside).

Using the emission function obtained from the AMPT
model with string melting and a parton scattering cross section
of 10 mb for central (b = 0 fm) Pb+Pb collisions at

√
sNN =

5.5 TeV, we have evaluated the correlation function C2(Q,K)
in the longitudinally comoving frame using the program Cor-
relation After Burner [82] that takes into account final-state
strong and Coulomb interactions between two charged pions.
In Fig. 6, we show one-dimensional projections of calculated
correlation functions including final-state Coulomb interac-
tions for midrapidity (−0.5 < y < 0.5) charged pions with
transverse momentum 125 < pT < 225 MeV/c. For compar-
ison, correlation functions for charged pions in the same mo-
mentum range for central Au+Au collisions at

√
sNN = 200

GeV at RHIC are also given in Fig. 6 by dashed lines, which
have been shown to reproduce reasonably measured ones [43].
It is seen that the correlation functions have smaller values at
LHC than at RHIC.

2. Source radii

The size of the emission source can be determined from the
emission function via the curvature of the correlation function
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FIG. 6: (Color online) Correlation functions for midrapidity charged
pions with 125 < pT < 225 MeV/c from the AMPT model with
string melting and parton cross section of 10 mb for central (b = 0
fm) Pb+Pb collisions at

√
sNN = 5.5 TeV (solid lines) and Au+Au

collisions at
√

sNN = 200 GeV (dashed lines).

at Q = 0:

Ri j(K)2 = −1
2

∂2C2(Q,K)
∂Qi∂Q j

∣∣∣∣
Q=0

= Dxi,x j(K)−Dxi,β jt(K)−Dβit,x j(K)+Dβit,β jt(K), (5)

where β = K/K0 with K0 being the average energy of the two
particles. In the second line of Eq.(5), we have the variance
Dx,y = 〈x · y〉− 〈x〉〈y〉, with 〈x〉 denoting the average value of
x. If the emission source is Gaussian in space-time, then for
central heavy ion collisions considered here these radius para-
meters would be the same as those obtained from a Gaussian
fit to the correlation function.

The source radii evaluated using Eq.(5) are shown in Fig. 7
by solid lines for central Pb+Pb collisions at

√
sNN = 5.5 TeV

at LHC. Compared to those in Au+Au collisions at
√

sNN =
200 GeV at RHIC, shown by dashed lines, radii of the emis-
sion source at LHC are larger. The ratio Rout/Rside shown
in the lower right panel is, however, smaller at LHC than at
RHIC. In both cases, the ratio is larger than one and would
have been even larger if not for the positive xout−t correlation,
where xout is the projection of the particle position at freeze-
out in the out direction of the osl system. This is shown in the
right panel of Fig. 8 together with the xout− xside distribution
(left panel), where xside being the projection in the side direc-
tion of the osl system. Also shown in Fig. 8 by filled circles
is the correlation between the average value 〈xout〉 with the
freeze-out time t. As at RHIC, the emission source at LHC
is non-Gaussian and shifted in the direction of pion trans-
verse momentum. For pions included in generating Fig. 8, i.e.,
with transverse momentum 125 < pT < 225 MeV/c, Dxout,β⊥t

(= Dβ⊥t,xout,) has a value of about 233 fm2 and is appreciable
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FIG. 7: (Color online) Source radii from the emission function for
midrapidity pions as functions of pion transverse mass mT from the
AMPT model with string melting and parton cross section of 10 mb
for central (b = 0 fm) Pb+Pb collisions at

√
sNN = 5.5 TeV at LHC

(solid lines) and Au+Au collisions at
√

sNN = 200 GeV at RHIC
(dashed lines).

compared to about 356 and 756 fm2, respectively, for Dxout,xout
and Dβ⊥t,β⊥t in the first and last terms in Eq.(5). This makes it
difficult to extract information about the duration of emission
from the ratio Rout/Rside as already demonstrated in studies
based on the AMPT model for heavy ion collisions at RHIC
[43] and the RQMD model for heavy ion collisions at SPS
[83, 84].
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FIG. 8: (Color online) xout − xside (left panel) and xout − t (right
panel) distributions at freeze-out for midrapidity charged pions with
125 < pT < 225 MeV/c from the AMPT model with string melt-
ing and parton cross section of 10 mb. The line with filled circles
represents 〈xout〉 as a function of t.

3. Pair separation function

The non-Gaussian feature of the emission source can be
more directly inferred from the correlation function by using
the imaging method [85, 86]. In this method, the pair separa-
tion function S(r), which gives the probability distribution of
emitting a pair of particles with separation r in their center-
of-mass frame, is obtained from measured two-particle corre-
lation function by the inversion of the Koonin-Pratt equation
[87]:

C(q)−1 =
∫

d3r[|φ(−)
q (r)|2−1]S(r), (6)

where φ(−)
q is the relative wave function of the two particles

with relative momentum q in their center-of-mass frame. For
heavy-ion collisions at RHIC, extracted pair separation func-
tion from measured two-pion correlation functions at mid-
rapidity in central Au+Au collisions at

√
sNN = 200 GeV by

the PHENIX collaboration [88] indicates that the pion emis-
sion source has a long tail beyond the Gaussian shape as
shown by filled triangles in Fig. 9.
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FIG. 9: (Color online) Separation functions for midrapidity pion
pairs with average transverse momentum 0.20 < KT < 0.36 GeV/c
from the AMPT model with string melting and parton cross section
of 10 mb for central (b = 0 fm) Pb+Pb collisions at

√
sNN = 5.5 TeV

at LHC (filled squares) and Au+Au collisions at
√

sNN = 200 GeV at
RHIC (filled circles). Filled triangles are from the imaging method
using the two-pion correlation functions measured by the PHENIX
collaboration [88].

In the AMPT model, the pair separation function S(r) can
be straightforwardly evaluated from the positions and mo-
menta of particles at freeze-out. The predicted separation
functions for midrapidity pion pairs with average transverse
momentum 0.20 < KT < 0.36 GeV/c from the AMPT model
with string melting and parton cross section of 10 mb are
shown in Fig. 9 for central (b = 0 fm) Pb+Pb collisions at√

sNN = 5.5 TeV at LHC (filled squares) and Au+Au col-
lisions at

√
sNN = 200 GeV at RHIC (filled circles). They

are normalized to unity when integrated over the separation,
i.e.,

∫
d3rS(r) = 1. Compared with the pion pair separation
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function extracted from measured correlation functions by the
imaging method (filled triangles), which has a normalization
of about 0.4 as not all emitted pions contribute to the ex-
tracted emission source, the pair separation function from the
AMPT model has a somewhat longer tail than the empirical
one. More detailed study of the pair separation function in
terms of its projection to the osl system using the Cartesian
harmonics [89] shows that the projected pair separation func-
tions from the AMPT model in the out and long directions
are consistent with those extracted from the imaging method
while that in the side direction has a longer tail than the empir-
ical one. The reason for the latter is presently not understood.
The predicted pair separation function from the AMPT model
has an even longer tail for heavy ion collisions at LHC than
at RHIC as shown in Fig. 9. The predicted appreciable differ-
ence in the pion pair separation functions at LHC and RHIC
should be testable experimentally.

IV. SUMMARY

To predict what one might observe in Pb+Pb collisions at√
sNN = 5.5 TeV that will soon be available at LHC, we have

used a multiphase AMPT transport model that includes scat-
tering in both initial partonic and final hadronic matters and
the transition between these two phases of matter. Using a
large parton scattering cross section of 10 mb, which is needed
to describe observations in Au+Au collisions at

√
sNN = 200

GeV at RHIC, we have studied the rapidity distributions and
transverse momentum spectra of various hadrons, the ellip-
tic flows of both light and heavy quarks as well as resulting
hadrons from coalescence of quarks and antiquarks, and the
two-pion correlation functions as well as the emission source
function.

For rapidity distributions, the total charge multiplicity in
central Pb+Pb collisions at LHC is almost a factor of three
larger than in central Au+Au collisions at RHIC. This value
may, however, subject to large uncertainty due to the nucleon
structure functions at small x that is used in the model. Com-
pared to those at RHIC, hadron transverse momentum spectra
show even larger effective inverse slope parameters as a result
of stronger collective transverse flow.

For non-central collisions, the elliptic flows of quarks at
LHC are stronger than those at RHIC. Although their values
at low transverse momentum decrease with the mass of quark,

they reach similar peak values at higher transverse momen-
tum. Using the quark coalescence model, the elliptic flows
of hadrons including those consisting of heavy quarks can be
related to those of quarks and thus provide the possibility to
study the partonic dynamics in the collisions.

From the emission function of pions in the AMPT model,
two-pion correlation functions have been evaluated and are
found to be smaller than those at RHIC. As at RHIC, the emis-
sion source is non-Gaussian in space and time. It shifts sig-
nificantly to the direction along the pion transverse momen-
tum and also has a strong correlation between this displace-
ment and the emission time, leading to a radius in the direc-
tion along the pion momentum that is only somewhat larger
than the radius in the direction that is perpendicular to the
pion momentum and the beam direction. All radii of the emis-
sion source at LHC are, however, larger than those at RHIC.
The emission function from the AMPT model also allows one
to calculate the pair separation function of the source and to
compare with the empirical one extracted from measured cor-
relation function by the imaging method.

The above results are obtained with an effective parton scat-
tering cross section of 10 mb. With a smaller parton cross sec-
tion, which may be the case as the energy density achieved at
LHC is expected to be much larger than that at RHIC, all par-
ticles would have smaller effective inverse slope parameters
in their transverse momentum spectra, smaller elliptic flows,
and larger two-particle correlations or smaller radii for the
emission source than what have been shown here. Compar-
ing heavy ion collisions at LHC against those at RHIC is thus
expected to add greatly to our understanding of the properties
of produced partonic matter.
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