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Abstract Partonic effects on two-particle transverse momentum correlations are studied for Au+Au collisions
at /sy = 130GeV in the Monte Carlo model, AMPT. This study demonstrates that in these collisions partonic

interactions contribute significantly to the correlations. Additionally, model calculations are compared with

data of the two-particle transverse momentum correlations measured by the STAR Collaboration at RHIC,

and it is found that AMPT with string melting can well reproduce the measured centrality dependence of the

two-particle transverse momentum correlations in Au+Au collisions at /sy = 130GeV.
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1 Introduction

A new form of nuclear matter with partonic de-
gree of freedom may be produced through relativistic
heavy-ion collisions. To detect the production and to
study the properties of the nuclear matter, two parti-
cle transverse momentum correlations in Au+Au col-
lisions at /5. = 130GeV have been measured” by
the STAR Collaboration at BNL RHIC and compared
with HIJING model™” predictions. The comparison
shows that jets/minijets contribute non-trivially to
the correlations. However, HIJING cannot repro-
duce the data. Therefore in addition to jets/minijets,
there might exist other sources of the two particle
transverse momentum correlations that fill the gap
between HIJING predictions and the measurement
made at RHIC. HIJING includes neither partonic nor
hadronic cascade processes. Could parton interac-
tions, a characteristic of the parton cascade processes,
add to the correlations? Is the AMPT model® with
string melting, which takes into account the parton

cascade, together with the hadronic cascade, able to
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reproduce STAR data on the two particle transverse
momentum correlations? In the following these ques-
tions will be addressed, using the AMPT model with

string—melting[4] .

2 The AMPT model and analysis
method

The AMPT model with string-melting is a hybrid
model and it is able to reproduce the elliptic flow!
and pion interferometry[s] measured in Au+Au col-
lisions at RHIC'® 7.

studying charm flow!™. Tt uses minijet partons from

Recently, it has been used for

hard processes and strings from soft processes in HI-

JING as the initial conditions and the initial excited

o

strings are allowed to melt into partons Interac-

tions among partons are described by the ZPC parton

O At present, it includes only parton-

cascade model
parton elastic scatterings with an in-medium cross
section
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where p is a Debye screening mass generated by
medium effects and ay is the strong coupling con-
stant. The p and the a, are used as two parameters
to obtain the cross section o,. The transition from
the partonic matter to the hadronic matter in AMPT

. . . . 3,4
is achieved using a simple coalescence model! ],

in
which two nearest quark and antiquark combine into
a meson and three nearest quarks or antiquarks into
baryon or anti-baryon whose masses are close to the
invariant mass of these partons. Hadronic scatter-
ings are modeled by a relativistic transport model
(ART)M.

As in Ref. [1], the measure for two particle trans-

verse momentum correlations (Ap, ;Ap, ;) is defined

as follows
e D
where
c=z | i_<pt,i—<<pt>>> s~ ), @)

and ¢ is the number of events, n;, is the number of par-
ticles in the kth event. In Eq. (3), p,; is the transverse
momentum of the ith particle in each event, ({p.)) is
the overall event average transverse momentum given
by

({p)) = <Z<pt>k> /e (4)

k=1
where (p;), is the average transverse momentum per

event for the kth event

1 &
<pc>k: n_k;ptz (5)

3 Partonic effects on two particle

transverse momentum correlation
(Apt,i Ap,;)

We generated three classes of AMPT events
for Au+Au collisions at /5, =130GeV: class [ —
events with both partonic interactions and hadronic
cascade processes, class I[—events with the par-
tonic interactions but without the hadronic cascade
processes, class III-—events without both the par-

tonic interactions and the hadronic cascade processes.

Events of class III are physically HIJING events with
jets/minijets production but without jet quenching.

Table 1. (Ap¢Apy,;), together with the to-
tal number of events(e), in-medium par-
ton scattering cross section(op) for three
classes of mid-central AMPT events(5 < b <
7fm)—Au+Au collisions at /5.y = 130GeV.
(Ape,iApe,;) is calculated wusing charged
hadrons with |n| <1 and 0.15 < p; < 2GeV /c.

event class 1 1I I
op/mb 10 10 N/A
€ 50686 50480 18245
(Apt,iApt, )/ (MeV /c)? 68.5 74.0 24.5

We analyzed two-particle transverse momentum
correlations (Ap; ;Ap, ;) for the three event classes
and the results are tabulated in Table 1. First of all,
comparing the magnitude of (Ap,;Ap, ;) for event
class I with those for class II, one may notice that
due to the hadronic cascade processes, the two parti-
cle transverse momentum correlations decrease about
8%. This is an indication that (Ap,;Ap; ;) is mainly
generated in the initial stage, which is characterized
by jets/minijets production and partonic interactions.
The hadronic cascade process happening after parton
interactions tends to dilute the correlations built in
the initial stage, this is the reason for the aforemen-
tioned reduction of (Ap;;Aps ;). Secondly, the large
value of (Ap; ;Aps, ;) in events of class III suggests that
jets/minijets contribute non-trivially to two particle
transverse momentum correlations. Thirdly, the mag-
nitude of (Ap, ;Ap; ;) in events of class | is almost
three times the magnitude of (Ap; ;Ap; ;) in events of
class III. This indicates that in addition to the pro-
duction of jets/minijets of partons, partonic interac-
tions may add significantly to (Ap,;Ap; ;). There-
fore, one may conclude according to Table 1 that in
heavy-ion collisions at RHIC energies, two particle
transverse momentum correlations as studied using
(Aps,:Ap, ;) are generated mainly in the initial stage;
in addition to jets/minijets, partonic interactions may
contribute large proportion to the correlations.

In Fig. 1 we compare centrality dependence of
the two particle transverse momentum correlations in
AMPT for o, =10mb with data. AMPT results and
STAR data shown in Fig. 1 are obtained for charged

hadrons with transverse momentum 0.15GeV/c <
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p. < 2GeV/c and pseudo-rapidity |n| < 1. Fig. 1

demonstrates that with a parton scattering cross sec- 4 Conclusions
tion o, = 10mb the AMPT model with string-melting
can within error bars reproduce STAR data on two Based on AMPT model with string-melting
particle transverse momentum correlations. an analysis of two particle transverse momentum
£ 30 ¢ correlations (Ap,;Ap, ;) for Au+Au collisions at
§ 25 T m = 130Ge.V'is repo'rted. It 'sugges'ts ‘.chat in-
T 0k . -+ NN medium partonic interactions contribute significantly
§> s ﬁf‘% ¥ to the correlations. The centrality dependence of
1':» " E'ﬁ ! (Ap:Ap, ;) in the AMPT model is compared with
gl/]g E STAR data, showing that using an in-medium parton
0 50 100 150 200 250 300 350 scattering cross section o, = 10mb, the AMPT model
Noar can well reproduce the STAR data.
Fig. 1. (i—N> (Aps,iApe,;) in AMPT for op =

1OInb(solic;7 triangles) as a function of cen- We would like to thank Professor W.Q. Chao and
trality for /sy = 130GeV Au+Au collisions Professor C.M. Ko for helpful comments. We ac-

compared with STAR data (hollowed circles
with error bars) as reported in Ref. [1].

knowledge Dr. C. M. Ko, Z. W. Lin, B. Zhang and
B. A. Li for using their AMPT code.
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