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Abstract We report the results on anisotropic flows and their scaling for ¢ mesons and Q (@~ +Q™) baryons

in Au+Au collisions at RHIC, obtained from a dynamical quark coalescence model that uses the quark phase-

space information from a multi-phase transport (AMPT) model within the string melting scenario and includes

the quark structure of hadrons.
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1 Introduction

Recently, there is a lot of interest in using the
quark coalescence or recombination model to under-
stand the experimental data from heavy-ion collisions
at the Relativistic Heavy Ion Collider (RHIC). As
shown in Refs. [1—4], the quark coalescence model
can explain successfully the observed anomalously
large enhancement of baryon to meson ratio at in-
termediate transverse momenta and scaling of the
elliptic flow of identified hadrons according to their
valence quark numbers. Most of these studies were
based on a simple momentum-space coalescence in
which only quarks with same momentum can coa-
lesce into hadrons. Also, the phase-space informa-
tion of quarks in the partonic matter produced in rel-
ativistic heavy-ion collisions was usually taken from
a schematic fireball model. We have, however, re-
cently used a dynamical quark coalescence model,
that is based on the quark phase-space information

from a multi-phase transport (AMPT) model within
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the string melting scenario and takes into considera-
tion the hadron quark wave functions, to study the
production and anisotropic flow of ¢ mesons and (2
(Q~ 4+ Q%) baryons that consist of strange quarks in
Au+Au collisions at RHIC™,

2 Anisotropic flows of strange and an-

tistrange quarks

The AMPT model in the string melting scenario'®

has been shown to describe successfully both the el-
liptic flow!” and pion interferometry[g] measured at
RHIC. For Au+Au collisions at /sxny =200GeV and
b = 8fm, the pr dependence of the parton elliptic
flow v, and forth-order anisotropic flow v, is shown
in Fig. 1. It is seen that strange and antistrange
quarks exhibit not only a strong v, (solid squares)
but also a non-negligible v, (open squares) that ap-
proximately scales with vZ with a scaling coefficient
of 0.85, i.e, vy ~ 0.85v2, as shown by the thick solid

line. Compared to the v, of mid-rapidity light up
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and anti-up quarks (u+1u), shown by triangles, v, of
heavier strange and antistrange quarks has a smaller
value at low pr but a larger value at high pr, similar
to the mass ordering of hadron elliptic flows in the
hydrodynamic model. However, instead of a contin-
uing increase of vy with respect to pr as seen in the
hydrodynamic model, v, of partons in the transport
model saturates at a maximum value when their pr
becomes large, indicating that high momentum par-
tons do not reach thermal equilibrium with the bulk

of the partonic matter.

1
3 AMPT with string melting and ,=10mb
AutAu@2004 GeV and b=8fm(partons at midrapidity)
12 F—a—vy(X0.5) (s+5)
o —0—v, (s+5)
S 9 L—v(x085)(s+)
= —a—v,(X0.5) (utt)
=
s 6
<
3| —&
1 1 1
0 0.5 1.0 1.5 2.0
p/(GeVic)
Fig. 1. (Color online) Transverse momentum

dependence of v2 and v4 for mid-rapidity par-
tons.

3 ¢ and (2 anisotropic flows and their

scaling

In the coalescence model, the probability of form-
ing a bound cluster from a many-particle system is
determined by the overlap of the wave functions of
coalescing particles with the internal wave function
of the cluster® '%. Using above strange and an-
tistrange quarks phase-space information from the
AMPT model and taking the hadron quark wave
functions to be that of a spherical harmonic oscil-
lator with their radius parameters fixed from fitting
measured yields of ¢ mesons and €2 baryons[5], the
transverse momentum spectra of ¢ mesons and 2
baryons as well as their anisotropic flows in relativis-
tic heavy-ion collisions can then be calculated. In par-
ticular, from fitting measured yields of ¢ mesons and
Q baryons at mid-rapidity in central Au+Au colli-
sions at /sy = 200GeV, we find the resulting hadron
radii are Ry = 0.65fm (fitting the STAR data) or
0.47fm (fitting the PHENIX data) and Rg = 1.2fm.

Shown in Fig. 2 is the pr dependence of the

anisotropic flows v, and v, of mid-rapidity ¢ mesons
and € baryons produced in Au+Au collisions at
V/snn = 200GeV and b= 8fm. Solid and open squares
are, respectively, the ¢ meson v, and v, for a ¢ me-
son radius R4 = 0.65fm, while solid and open trian-
gles are, respectively, those for Ry = 0.47fm. It is
seen that the scaling relation v,(pr) ~ vZ(pr) is sat-
isfied in both cases as shown by the solid (1.1v2) and
dashed (1.2v3) lines in the same figure, and the scal-
ing coefficient of 1.1 or 1.2 is similar to that extracted

11, 12 ..
[ | Similar re-

from the data for charged hadrons
sults for  baryons using the radius Rq = 1.2fm are
shown in the right panel of Fig. 2. The scaling rela-
tion vy(pr) ~ vi(pr) is again satisfied for  baryons
but with a smaller scaling coefficient than that for ¢

mesons as shown by the solid line (0.7v2) in the right

panel.
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Fig. 2. (Color online) Transverse momentum

dependence of vy and w4 of mid-rapidity ¢
mesons (left panel) and © baryons (right
panel).

Based on the naive momentum-space quark co-
alescence model that only allows quarks with equal
momentum to form hadrons[4], the scaling relation
between hadron wvy(pr) and wvs(p;) has been at-
tributed to a similar scaling relation between those

of quarks[m’ =y

Neglecting the small contribution
of higher-order anisotropic flows (higher than forth-
order), this model gives for mid-rapidity hadrons

U4,M(2pT) - 1 1’04,q(pT)

US,M(2PT) 4 2 U%,q(pT) , (1)
vip(3pr) 1 <1+ U4,q(PT)>
vip(3pr) 3 v3q(pr) /)’

where v, m(pr), Vas(pr) and v, 4(pr) denote, re-

spectively, the meson, baryon, and quark anisotropic
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flows. Hadron anisotropic flows thus satisfy the scal-
ing relation vy(pr) ~ v2(pr) if a similar scaling re-
lation is satisfied by quark anisotropic flows. With
the scaling relation vy 4(pr)/v3 ,(pr) =~ 0.85 for mid-
rapidity strange and antistrange quarks as shown
in Fig. 1, Eq. (1) then leads to a scaling coeffi-
cient of vy 4(pr)/v3,(pr) =~ 0.68 for ¢ mesons and
vaa(pr)/vio(pr) = 0.62 for Q baryons. The pre-
dicted scaling coefficient for ¢ mesons is significantly
smaller than its value 1.1 or 1.2 from the dynamical
quark coalescence model. The latter does give, how-
ever, a larger scaling coefficient for ¢ mesons than
for 2 baryons as in the naive momentum-space coa-
lescence model.

Another interesting and important finding in
heavy-ion collisions at RHIC is the valence quark
number scaling of the elliptic flow of identified
hadrons, i.e., the elliptic flow per valence quark in
a hadron is same at same transverse momentum per
valence quark, i.e., vou(pr/ng)/ng = vVaq(pr) with
vy and n, denoting, respectively, the hadron v, and
the number of valence quarks or anti-quarks in a
hadron. In the naive momentum-space quark coa-
lescence model, this scaling can be shown to be satis-
fied if high-order anisotropic flows are small™™ ™. The
scaling is, however, broken in more general quark coa-
lescence models that take into account the quark mo-

17

mentum distribution™® " and higher parton Fock

(18]

states' ' in hadrons as well as the effect of resonance

decayslw] .

For ¢ meson and 2 baryon v, obtained
from our dynamical quark coalescence model, their
valence quark number scaled elliptic flows as func-
tions of scaled transverse momentum are shown in
the right panel of Fig. 3. For comparison, we also
include the elliptic flow of mid-rapidity strange and
antistrange quarks at freeze-out. It is seen that the
elliptic flows of ¢ mesons and §2 baryons satisfy the
valence quark number scaling. However, their va-
lence quark number scaled elliptic flows are signif-
icantly smaller than that of coalescing strange and
antistrange quarks. Our results therefore indicate
that cautions are needed in interpreting the elliptic
flow of partons from that of hadrons using the naive

momentum-space parton coalescence model.
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Fig. 3.
ber scaled elliptic flow as a function of

(Color online) Valence quark num-

scaled transverse momentum for mid-rapidity
¢ mesons and €2 baryons.

In above calculations, we have used ¢ meson and
) baryon size parameters that are fixed from fitting
measured yields in experiments. Using different size
parameters affects the v, and v, of ¢ mesons and 2
baryons, and it is found that the later increase with
increasing size parameter and saturates when hadron
radii are greater than about 4.5fm, as shown in Fig. 4.
The saturation of ¢ meson and €2 baryon v, at large
sizes is essentially due to the fact that the dynam-
ical quark coalescence model approaches the naive
momentum-space quark coalescence model when the

hadron size is sufficiently large.
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mesons (left panel) and Q baryons (right
panel) in Au+Au collisions at /sy =
200GeV and b = 8fm with different values of
root-mean-square radii Ry and Rgq.

4 Conclusions

Based on the parton phase-space information ob-
tained from a multi-phase transport model within the

string melting scenario, we have studied the anisotro-
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pic flows of ¢ mesons and 2 baryons in Au+Au col-
lisions at RHIC using a dynamical quark coalescence
model, which requires information on the radii of
¢ meson and €2 baryon. Fixing their radii by fit-
ting measured yields of ¢ mesons and €2 baryons at
mid-rapidity in central Au+Au collisions at ,/sxy =
200GeV, we have evaluated their anisotropic flows in
the same collision at impact parameter b = 8fm. We
have found that the elliptic flows of ¢ mesons and 2
baryons follow approximately the valence quark num-

ber scaling. The valence quark number scaled elliptic

flows of ¢ mesons and 2 baryons deviate, however,
significantly from the underlying v, of strange and
antistrange quarks. We have also studied the forth-
order anisotropic flow v, and found that the scaling
relation of v,(pr) ~ v3(pr) observed experimentally
for charged hadrons is also satisfied by ¢ mesons and
Q) baryons. In addition, the anisotropic flows have
been shown to increase with increasing hadron size
and saturates when hadron radii are large enough and
the dynamical quark coalescence model approaches

the naive momentum-space quark coalescence model.
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