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1 Introduction

High energy nucleus-nucleus collisions provide the
means of creating nuclear matter in conditions of ex-
treme temperature and density!"). After the initial
collision, particles begin to exchange momentum and
the system begins to build up collectivity. Know-
ing when and how the collectivity is achieved is the
first step towards understanding the dynamics in a
hot and dense environment. This paper will give an
overview on collective expansion of a thermalized sys-
tem and hadronization in high energy heavy ion col-
lision experiments.

For the collective expansion, we will focus on two
areas: radial flow and azimuthal anisotropy. Radial
flow is the only possible type of transverse flow al-
lowed by symmetry for central collision. Radial flow
can find out when and at which energy density the
thermal pressure builds and begins to drive the collec-
tive expansion. For azimuthal anisotropy, here three
kinds of flow will display: (a) Elliptic flow, which is
sensitive to the early stage equation of state. (b) Di-
rect flow, which reflects important features of the sys-
tem evolution from its initial conditions. (c) Higher
harmonics (v,, vg, etc.), may be sensitive probes of
hydrodynamic behavior and the initial conditions of
the collision system.

For the hadronization, we will focus on four parts:
hadron spectrum, strangeness enhancement, parti-
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cle yield and baryon number. Strangeness produc-
tion, strangeness enhancement and their ratios are
important means to understand the baryon produc-
tion mechanism. There are two kinds of mechanism
for baryon production, one is the concept of quark-
diquark string breaking, and the other is the concept
of string junctions. Measurements of baryon distri-
bution over a large rapidity interval are expected to
give answers to different mechanisms of baryon num-
ber transport.

An overview of global properties of soft physics,
including collision geometry and particle production,
has been presented by Y. P. WANG, et al.?. Also
an overview on correlations and fluctuation has been
presented by D. M. Zhou, et al.”). Together with this
paper, we completely present an review on research
status of soft physics in high energy heavy ion colli-
sion experiments from SPS to RHIC, and meanwhile
we give an outlook for LHC on soft physics. We also
suggest readers refer to an overview entitled “exper-
imental status of ultra-high energy induced nuclear
reactions” presented by X. CAI™.

2 Collective expansion

A distinguishing feature of A+A collisions com-
pared to either p-p or p+A collisions is the collective
flow observed. This effect is seen over the full range
of energies studied in heavy ion collisions, from inci-
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dent kinetic energy of 100 AMeV to c.m. energy of
V/San =200 GeVP!. Collective flow is a collective ef-
fect which can not be obtained from a superposition
of independent N-N collisions.

2.1 Radial flow

Consider a nuclear fireball undergoing collective
expansion. Collective flow is defined by the follow-
ing operational procedure: at any space-time point
x in the fireball, they consider an infinitesimal vol-
ume element centered at that point and add up all
the 4-momenta of the quanta in it. The total 3-
momentum P obtained in this way, divided by the
associated total energy P°, defines the average “flow”
velocity v(x) of the matter at point z through the
relation P/p® = v. Collective flow thus describes a
correlation between the average momentum of the
particles with their space-time position, the so-called
a-p-correlation. The flow velocity v(x) can be sepa-
rated into its components along the beam direction
(“longitudinal flow” vy) and in the plane perpendic-

ular to the beam (“transverse plane”) which can be
called “transverse flow” v,. The magnitude v, may
depend on the azimuthal angle around the beam di-
rection. i.e. on the angle between v, and the impact
parameter b of the collision. In this case the trans-
verse flow can be called “anisotropic”. Its azimuthal
average can be called radial flow.

In a hydro-dynamical picture, the my-spectra of
particles are sensitive to transverse flow. To charac-
terize the flow, the spectra were fitted with!®

dN K, <mTcoshp> I <PTsmhp) .

T
(1)
A combined fit of several spectra with this func-
tion allows to determine the thermal freeze-out tem-
perature 7' and the mean transverse flow velocity

Br(p=atanhfy).
Figure 1 shows such fit to hadronic mr-spectra

measured by the NA49 Collaboration!” in Pb+Pb
collisions at the SPS at three different beam energies.
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Fig. 1.

Positively and negatively charged hadron spectra from Pb+Pb collisions at 40, 80 and 160 AGeV

beam energy at the SPS, measured by the NA49 Collaboration. The resulting fit values for T and St are

given in the figures.
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Pion, kaon and antiproton spectra from 200 AGeV central Au+Au (left) and minimum bias p+p

collisions (right), measured by STAR experiment. Note this similar slopes for kaons and antiprotons in p+p
collisions and their dramatically different slopes at low transverse kinetic energy in central Au+Au collisions.

The flattening of the spectra at low transverse ki-
netic energy mr —mq by transverse collective flow is
even more dramatic at RHIC. Fig. 2 shows a direct
comparison of the negative pion, negative kaon and
antiproton spectra in central Au+Au and minimum
bias proton-proton collisions at the same center of
mass energy!® . Clearly, in p+p collisions the kaon
and antiproton spectra have the same slope, indicat-
ing the absence of transverse collective flow. That
the pion spectra are steeper than both kaons and
antiprotons can be attributed to the contribution of
resonance decay pions which accumulate at low trans-
verse momenta. However, the pion spectra in Au+Au
are obviously flatter in Au+Au than in p+p, and this
is even more true for kaons and antiprotons, with a
large difference in slope between those last two. Even
without a quantitative fit this is a clear manifestation
of strong radial flow.

A two-parameter flow fit on RHIC data from
200 AGeV collisions was performed by J. Burward-
Hoy!", see Fig. 3. Here a box-profile for the trans-
verse density n;(r,) and a linear transverse velocity
profile were used where the number [t given in Fig. 3
is the surface velocity (the average transverse velocity

2
is (vy) = §6T)' Again in the most central collisions

freeze-out temperatures of about 120 MeV and aver-
age radial flow velocities (v, ) = 0.45 are found.

An interesting aspect of Fig. 3 is the centrality
(Scaled by the number of participants, N,..;) depen-
dence of the fit parameters: The fit was performed
over a very wide range of collision centralities, and
one observes that more peripheral collisions tend to
develop less radial flow and freeze out at higher tem-
perature.
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Fig. 3. Kinetic freeze-out temperature 7t and
transverse flow velocity Ot at the fireball edge,
extracted from a simultaneous fit of a flow
spectrum parametrization to *, K*, p and
D spectra from 200 AGeV Au+Au collisions
over the entire range of centralities. More pe-
ripheral collisions are seen to decouple earlier,
at higher freeze-out temperature and with less
transverse flow.

2.2 Azimuthal anisotropy

For central collisions (b=0) between equal spher-
ical nuclei, radial flow is the only possible type of
transverse flow allowed by symmetry. In non-central
(b#0), immediately after an A+A collision, the over-
lap region defined by the nuclear geometry is the al-
mond shape (see Fig. 4) with the shortest axis along
the impact parameter vector. Due to the reaction
plane breaking the ¢ symmetry of the problem, the
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semi-inclusive single particle spectrum is an expan-
sion in harmonics!™” of the azimuthal angle of the
particle with respect to the reaction plane, ¢p—g !,
as Eq. (2) show. In the Eq.(2), the angle of the re-
action plane &y is defined to be along the impact
parameter vector, the x axis in Fig. 4.
N 1 d°N =
ETP = on PraPrdy <1+2;U"(p oY) Cos(d’_%))'

(2)
The expansion parameter v, is called the directed
flow, v, the elliptical flow and higher order anisotropy

parameters (vy, v, etc.)!.
l y
'

Fig. 4. Left: Almond shaped overlap zone gen-
erated just after A4+A collision where the in-
cident nuclei are moving along the 4z axis,
and the reaction plane, which by definition
contains the impact parameter vector. Right:
View of the collision down the z axis: (top)
spatial distribution (bottom) momentum dis-
tribution after elliptic flow (v2) develops.
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2.2.1 Elliptic flow

The spatial anisotropy turns into an momentum
anisotropy only if the outgoing particles (or par-
tons) interact with each other. Thus the momentum
anisotropy is proportional to the spatial anisotropy
of the almond, represented by the eccentricity, ¢ =
(R2—R2)/(R2+R2) =~ (R,—R.)/(R,+R,), at the time
(to) of thermalization. This is due to the fact that the
mean number of scatterings in the transverse plane is
different along the z and y axes!'> ', The mean
number of scatterings is proportional to the particle
density, p = (1/mR,R,)dn/dy times the interaction
cross section (o) times the distance traversed:

1 dn 1 dn - 1 dn
—_ P 1 xr — 7 X 4 )
nR.R,dy U mR.R,dy - mR.R, dy

(3)

vy X Ryo

where
R,=v <5L‘2>, R,=v <y2>

Since the eccentricity e is much larger for periph-
eral than for central collisions, the dependence of
vy on centrality exhibited a characteristic shape (see
Fig. 5(Top))"?. This is one of the first publications
from RHIC and shows that v, is surprisingly large and
near the hydro-limits. The hydro-limits indicated are

for full thermalization of the system at the value of €
given by the initial nuclear geometry of the almond
at the time of overlap.

Figure 5 Bottom!"® ' shows that the v, follows
the hydro prediction out to pr &~ 2 GeV/c and then
plateaus at a constant value to much higher pr.
This is one of the principal arguments for the “per-
fect fluid” because any modest value of viscosity!'®
would cause the v, to decrease towards zero near

pr~ 1.7 GeV/c (see Fig. 6).
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Fig. 5.  Top: v2 as a function of centrality[ls].

The boxes represent the expected hydro-limit
with v2 /e =0.19 (lower edge) and 0.25 (upper
edge). Bottom: vz as a function of pr for the
identified particles in minimum bias Au+Au

collisions at /Sy =200 GeV together with a

hydro calculation®.
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Fig. 6. wv2 as a function of pr in a hydro

calculation!*® for mid-central collisions for dif-
ferent values of I's/7o, the “sound attenuation
length” which is zero for a “perfect fluid” and
increases linearly with the viscosity.
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Fig. 7. (a) v2 vs. pr and (b) v2/(nq€) vs. KEr/nq for several centralities and particle species as indicted.
(¢) v2/(nqe) vs. KEt/ng for 7=, K*, and (p,p) from Cu+Cu and Au+Au collisions at /5y =200 GeV.
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at mid-rapidity in Cu+Cu collisions at /5. =
200 GeV'*?l.

Recently PHOBOS Collaboration has given a sys-

tematic study of elliptic flow as a function of central-
ity, pseudorapidity, transverse momentum and energy
for Cu+Cu and Au+Au collisions!*,
scaled by participant eccentricity is found to be sim-
ilar for both systems when collisions with the same

Elliptic flow

number of participants or the same averages area den-
sity are compared, see Fig. 8.

This similarity is also observed over a wide range

in pseudorapidity (see Fig. 9)and transverse momen-
tum (see Fig. 10), indicating that participant eccen-
tricity is the relevant quantity for generating the az-
imuthal asymmetry leading to the observed elliptic
flow.

2.2.2 Direct flow

Directed flow, v;, was discovered almost 23 years
24 and has been extensively studied and reviewed
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Fig. 10. w2 vs. pr for Au+Au and Cu+Cu collisions at /s =62.4 and 200 GeV.

at lower beam energies. At RHIC energies directed
flow in the central rapidity region reflects important
features of the system evolution from its initial con-
ditions. w; is predicted to be small near midrapid-
ity with almost no dependence on pseudorapidity.
However, it could exhibit a characteristic “wiggle” >

depending on the baryon stopping and productlon
mechanisms as well as strong space-momentum cor-
relations in the system’s evolution. A similar rapid-
ity dependence of direct flow could develop due to a
change in the matter compressibility if a quark-gluon
plasma is formed®® ?”. Tt results in the so-called
third flow component?® or “antiflow”®” component
in the expansion of the matter. This expansion direc-
tion is opposite the normal directed flow.

STAR Collaboration presented the results® in
comparison with the lower beam energy data at the
SPS of NA49”). The NA49 data were also replotted
so as to be at the same distance from beam rapidity
as the STAR results (see Fig. 11).
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Fig. 11. The values of v1 (stars) for charged
particles for 10% to 70% centrality plotted
as a function of pseudorapidity. Also shown
are the results from NA49(triangles) for pi-
ons from 158 GeV Pb+Pb mid-central (12.5%
to 33.5%) collisions plotted as a function of
rapidity. The open points have been reflected
about midrapidity. The NA49 points have also
been shifted (circles) plus or minus by the dif-
ference in the beam rapidities of the two ac-
celerators. The dashed lines indicated midra-
pidity and RHIC beam rapidity.

The RHIC v, (n) resulted differ greatly from the
unshifted SPS data in Fig. 11 that they are flat near
midrapidity and become significant only at the high-
est rapidities measured. However, when plotted in
the projectile frame relative to their respective beam
rapidities, they look similar.

2.2.3 Higher harmonics

Higher order anisotropy parameters (v4,vg, etc.)
may be very sensitive probes of hydrodynamic be-
havior and the initial conditions of the collision
system®. The authors of Ref. [31] argue that values
of the ratio v, /vZ larger than 0.5 indicate deviations
from ideal fluid behavior. When measured for identi-
fied particles, higher harmonics can also test quark-
number scaling®. v, and vg for charged hadrons at
200 GeV are shown in Fig. 12¥. The STAR Col-
laboration measured v, as a function of p;, 1, and
centrality. They observed that v, appears to scale ap-
proximately as vZ, as a function of p;, n, and central-
ity. we, although essentially zero, is not inconsistent
with scaling as v3. This was the first measurement
of higher harmonics at RHIC, and it was expected
that these higher harmonics would be a sensitive test
of the initial configuration of the system, since they
provide a Fourier analysis of the shape in momentum
space which can be related back to the initial shape
in configuration space.

In Fig. 13, the STAR Collaboration plotted
pion, kaon, anti-proton and A + A v, for Sun =
62.4 GeV® where the standard event plane method
has been used. In the bottom panels of Fig. 13 they
show the ratio v, /v2 for charged pions, neutral kaons,
and hyperons. The uncertainty in v,/v3 from possi-

ble non-flow leads to asymmetric errors. The ratio
vy /v3 is well above 0.5 even when errors are taken
into account.
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Fig. 12. Top panel: The minimum bias values
of va, v4, and vg with respect to the second
harmonic event plane as a function of p; for
|n| <1.2. The vz values have been divided by
a factor of 2 to fit on scale. Also shown are
the three particle cumulantive values (trian-
gles) for vs (v4{3}). The dashed curves are
1.202 and 1.2v3. Bottom panel: The p¢- and
n-integrated values of v2, v4, and ve as a func-
tion of centrality. the v2 values have been di-
vided by a factor of 4 to fit on scale. Also
shown are the three particle cumulantive val-
ues for v4(v4{3}). The dotted histograms are
1.4v2 and 1.403.

3 Hadronization

3.1 Hadron spectrum

At RHIC 99.9% of all charged particles have mo-
menta below 2 GeV/e, far outside the range of per-
turbative QCD®™. Hadron spectra reflect conditions
late in the reaction, as well as the integrated ef-
fects of expansion from the beginning of the colli-
sion. The hadronic spectra are measured by the NA49
Collaboration®” in Pb+Pb collisions at the SPS at
three different beam energies, see reference®. The
flattening of the spectra at low transverse kinetic en-
ergy m, —mg by transverse collective flow is even
more dramatic at RHIC.

Transverse momentum spectra of identified parti-
cles reflect the system at kinetic freeze-out and allow
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us to extract information from the latest stage of the
evolution when the system is still thermally coupled
and governed by elastic interactions among its con-

stituents. Fig. 14 shows a compilation of pr spectra
for m, K~ and p from all four RHIC experiments at

/Sun=200 GeVEY,

* n(dE/dx)

- A& K
O K*(dE/dx) {

0.04

O p(dE/dx)

- @ A+A

0 1 2 3

0 1 2 3

transverse momentum p/(GeV/c)

Fig. 13. Top panels: minimum bias vs4 for pions, charged kaons, K$, anti-protons and A+ A at NEN
62.4 GeV. In the left panel the solid (dashed) line shows the value for v3 for pions (kaons). Bottom panels:
vy scaled by v2. The systematic errors on the vy / 02 ratio from non-flow are included in the error bars leading
to asymmetric errors.
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Fig. 14. Compilation of preliminary transverse momentum spectra of m~, K~ and p.

The top left panel of Fig. 15 shows the hydro-
dynamic fit to the transverse momentum spectra of
positive pions and antiprotons, as measured by the
PHENIX and STAR collaborations in central (b=0)
Au+Au collisions at /s=130 AGeV. The fit yields
an initial central entropy density $.,=95 fm™2 at an
equilibration time 7,,=0.6 fm. This corresponds to
an initial temperature of 7,,=340 MeV and an initial
energy density e=25 GeV/fm® in the fireball center.
The remaining three panels of Fig. 15 show the trans-
verse momentum spectra of pions, kaons and antipro-

tons in five different centrality bins as observed by the
PHENIX and STAR collaborations. For all centrality
classes, except the most peripheral one, the hydrody-
namic predictions (solid lines) agree pretty well with
the data. The kaon spectra are reproduced almost
perfectly, but for pions the model consistently un-
derpredicts the data at low p,. This has now been
understood to be largely an artifact of having em-
ployed in these calculations a chemical equilibrium
equation of state all the way down to kinetic freeze-
out.
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Left: Identified particle spectra for Au4Au collisions at /sxn = 62.4 GeV. Right: Antiparticle to

snN = 62.4 and 200 GeV.

The left panel of Fig. 16 shows identified hadron
transverse momentum spectra in Au—+Au collisions at
very low pr range!®”. The right panel of the figure
shows the ratio of antiparticle to particle as a func-
tion of centrality in Cu+Cu collisions, and it’s evi-
dent that the ratios are weakly dependent on central-
ities. Meanwhile, we can see that the energy depen-
dence of the proton and kaon particle ratios between
V/snun=62.4 and 200 GeV is clearly evident except for
pions.

Figure 17 compares the preliminary spectra of €2
hyperons® with the hydrodynamic predictions® 4,

As shown in the Fig. 17, the data clearly fa-
vor the flatter curve, suggesting intense rescatter-
ing of the 2’s in the hadronic phase. The micro-
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scopic mechanism for this rescattering is still unclear.
However, without hadronic rescattering the hydrody-
namic model, in spite of its perfect local thermaliza-
tion during the early expansion stages, is unable to
generate enough transverse flow to flatten the Q spec-
tra as much as required by the data.

3.2 Strangeness enhancement

Strange particles produced in heavy ion collisions
give important information on the collision mecha-
nism. In particular, the enhanced relative yield of
strange and multi-strange particles in nucleus-nucleus
reactions with respect to proton-nucleus interactions
has been suggested as one of the sensitive signatures
for a phase transition to a QGP state!®”. Tt is ex-
pected that the enhancement should be more pro-
nounced for multi-strange than for singly strange par-
ticles.

The yields in Pb+Pb interactions are presented
as a function of the collision centrality and com-
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Fig. 18.

pared with those obtained from p+Pb collisions.
Strangeness enhancement is observed which increases
with centrality and with the strangeness content of
the hyperon*?. A, Z and Q yields and transverse
mass spectra have been measured at central rapid-
ity in Pb+Pb and p+Pb collisions at 158 AGeV/c at
SPS. Enhancement of central A, = and Q yields in
Pb+Pb collisions at 158 AGeV/c is shown in Fig. 18.

Figure 18(a) shows the A, Z and 2 yields per event
for p+Pb and Pb+Pb interactions as a function of
the number of participants. Fig. 18(b) shows the hy-
peron yields expressed in units of the corresponding
yield per p+Pb interaction (i.e. each yield is rescaled
so that the value for p+Pb is set to one). All Pb+Pb
hyperon yields show a steady increase with central-
ity up to very central events. The hyperon yields in
Pb+Pb are compared to a yield curve (full line) pro-
portional to the number of participants (N,,.) drawn
through the p+PDb point in Fig. 18(b). It is observed
that the A, = and 2 yields increase with centrality
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from p+Pb to Pb+Pb interactions faster than the
number of participants, and the enhancements ex-
hibit a marked € >Z=> A hierarchy.

The left panel of Fig. 19 shows the ratios of the
strange anti-baryon/baryon yields as a function of en-
ergy in heavy-ion collisions*”. The ratios also ex-
hibit an ordering with strangeness content (where
Q/Q>Z/Z> A/A). The right panel of Fig. 19 shows
that dN /dy of p, A and A have a linear dependence on
the pseudorapidity distribution of negative charged
particles!*¥.

Figure 20 shows the enhancement of strange
baryons and anti-baryons as a function of central-
ity as measured by STAR for Au+Au collisions at
V3nn = 200 GeV*! and by NA57 for Pb+Pb col-
lisions at /sny = 17.3 GeV*. The enhancement
is also the same for lower energy SPS data which is

in contradiction to the energy dependence which was
predicted?.

3.3 Particle yield

A detailed study of chemical freeze-out in nucleus-
nucleus collisions at beam energies of 11.6, 30, 40, 80
and 158 AGeV has been presented by F. Becattini*”.
By analyzing hadronic multiplicities within the statis-
tical hadronization approach, they have studied the
strangeness production as a function of centre of mass
energy and of the parameters of the source. they
show that, in this energy range, the use of hadron
yields at midrapidity instead of in full phase space ar-
tificially enhances strangeness production and could
lead to incorrect conclusions as far as the occurrence
of full chemical equilibrium is concerned. As shown
in Fig. 21.
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Fig. 20. Enhancement factors versus Npar¢ for A+A collisions relative to p-p (STAR) and p+Be (NA5T)

collisions respectively.
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ticle ratios from central Au+Au collisions.

In Refs. [48, 49] authors compares the STAR mea-
surements of integrated hadron yield ratios for cen-
tral Au+Au collisions with statistical model fits. In
comparison with results from p-p collisions at similar
energies, the relative yield of multi-strange baryons =
and 2 is considerably enhanced in RHIC Au+Au col-
lisions. And non-equilibrium parameter v, rises from
~0.7 in the peripheral Au+Au collisions to values sta-
tistically consistent with unity for central collisions.

Figure 22 shows the comparison of the thermal
model results with the RHIC experimental data.

One sees in Fig. 22 that the overall agreement is
very good. Most of the data are reproduced by the
model within the experimental errors.

Through the above figures, we have shown that
the statistical model in complete equilibrium gives
results consistent with the experimental data for par-
ticle production in Au+4Au collisions at /sy =
200 GeV. At this energy the chemical freeze-out ap-
pears at T, =157+3 MeV and pup=23+3 MeV, and
7s=1.03+£0.04. In contrast to the controversies at
lower beam energies, the observation that strangeness
is equilibrated is common to all thermal calculations
that reproduce the RHIC datal®.

3.4 Baryon number

The phase transformation at a vanishing baryon
density has been ascertained to be continuous. As a
result, one would expect that the various conserved
quantities such as the baryon number, charge and
strangeness remain more or less unchanged within
various sub-volumes of the phase space occupied by

the system!®!. Baryon number is a locally conserved
quantity, and thus its distribution is not easily in-
fluenced by final state interactions. The net baryon
number in nucleons is carried by the valence quarks.

The conserved net-baryon number is established
from the incoming nuclei, but becomes spread over
the rapidity interval by initial interactions, and then
additionally smeared by the rescattering process; to-
gether these make up transport of baryon number
from the nuclei to their final rapidities®™. Fig. 23
shows a characterization of the baryon-antibaryon
differences as a function of strange quart content |s|.
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Fig. 23. Mid-rapidity antibaryon to baryon ra-

tios are shown for various species and at sev-
eral energies of central heavy ion collisions.

It’s clear from the plot that the ratios tend to-
wards one with increasing strangeness content and
with increasing energy. The ratios also indicate that
the yield of baryons resulting from pair production
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processes has begun to dominate over those from
transport at RHIC energies. STAR has also mea-
sured most of these antibaryon to baryon ratios as a
function of centrality and sees only slight rise in the
antiproton to proton ratio for peripheral collisions,
and no significant changes for the other ratios®®.
Net baryons from these collisions continue to de-
crease with increasing energy, but are still nonzero,

as shown in Fig. 24.
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Fig. 24. The net protons at mid-rapidity versus
collision energy for central collisions.

The plot means that pair production processes be-
hind baryon yields are now dominant, but do not ac-
count for all baryon number; there must remain some
transport of baryon number even over ~5 and ~6
units of rapidity at 130 and 200 GeV respectively.

Figure 25 shows the integrated yields, dN/dn,
of net protons in mid-rapidity range at 62.4 and
200 GeV energies®™.
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Fig. 25. Net-proton yield close to mid-rapidity

as a function of Npart in Au+Au collisions at
v/SNN = 62.4 and 200 GeV.

The net proton yield is approximately propor-
tional to Ny, Wwhich does not meet the expectations

of increasing amount of baryon stopping with increas-
ing centrality. According to Fig. 16, the p/p ratio is
not dependent on centrality, so the yields of p and p
are all proportional to the Npa,.

4 Conclusion

After the overview of research status of soft
physics on collective expansion and hadronization in
high energy heavy ion collision experiments, we try
to give a conclusion as follows:

(1) Results from RHIC supply evidence for a hy-
drodynamic expansion of a thermalized system, in
which the collectivity is achieved fast and at the very
early time. Understanding the initial condition plays
a key role in understanding what happens thereafter.
Studying elliptic flow fluctuation, as well as directed
flow for high pr particles, may help us constraint the
initial condition.

(2) dNg/dn and strangeness enhancement have
been observed in heavy ion collisions at lower ener-
gies, and they change smoothly as a function of |/sxy
from AGS to SPS to RHIC. The yields of different
hadron species are proportional to the Ny.... Mean-
while, these yields up to and including multi-strange
hadrons, become consistent with a grand canonical
statistical distribution at a chemical freeze-out tem-
perature T, and a baryon chemical potential ug. The
ratio of final state hadrons can be described by the
temperature T, and baryon chemical potential ug.
A universal T, appears for all systems at high en-
ergies from ete™, p-p and A+A. It is approximately
equal to the QGP transition temperature predicted
by lattice QCD calculations.

The center of mass energy for collisions of the
heaviest ions at the LHC will exceed that available
at RHIC by a factor of about 30. This opens up a
new physics domain with exciting opportunities for
seeking for QGP. The LHC/ALICE experiment will
provide access to effectively all observable relevant for
heavy ion physics at LHC energies, ranging from the
low pr region (>0.1 GeV/c) up to very high pr of
~100 GeV/c. To soft physics, we can get observables
as yields of identified particles, correlations, event-by-
event observable and flow.
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