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The elliptic flow of particles in heavy
ion collisions measures the anisotropy in their
transverse momentum (p;) distribution at
midrapidity, i.e., v, =< (p? - pz)/pf > [1].
This is a subject of great interest as it may
reveal the signatures of possible QGP phase
transition in heavy ion collisions. Using a Rel-
ativistic Transport (ART) Model [2] we have
studied the beam energy and transverse mo-
mentum dependence of both nucleon and pion
elliptic flow in heavy ion collisions at AGS en-

ergies [3].

In the upper window of Fig. 1, we
compare the excitation function of vy for
protons in mid-central Au+Au reactions ob-
tained by using the stiff (cross), soft (filled
square) equation of state (EOS) and the cas-
cade model (open square) with the experimen-
tal data (open circles) of Ref. [4]. In agree-
ment with other model calculations [5, 6],
our calculated results show that the transi-
tion energy FE:. at which the proton elliptic
flow changes sign is very sensitive to the nu-
clear EOS. The value of Ei; is more than 4
GeV/nucleon in the case of a stiff EOS but de-
creases to below 3 GeV/nucleon for a soft EOS
due to a smaller sound velocity in the latter
[6]. In the case of cascade calculations, the ab-
sence of a repulsive potential further reduces
the squeeze-out contribution and results in an
essentially in-plane flow in the beam energy
range considered here. On the other hand, the

value of v, in our calculations is insensitive to

the nuclear EOS for incident energies above
about 6 GeV/nucleon. This is different from
the results of Ref. [6], where a distinct differ-
ence is seen between the elliptic low due to a
soft and a stiff EOS. Moreover, in our study
the experimental data are found to be consis-
tent with the calculated results using the stiff
EOS in this beam energy range. These re-
sults are thus also different from that of Ref.
[4], where calculations based on the relativis-
tic Boltzmann-Equation model show that the
experimental data suggest a softening of the
EOS from a stiff one at low beam energies
to a softer one at higher energies. Since dif-
ferent model calculations lead to different de-
pendence of the proton elliptical flow on the
nuclear EOS, it is thus not possible at present
to draw conclusions from comparisons of the

theoretical results with the experimental data.

We have also studied the elliptical flow
of pions, and the results are shown in the
lower window of Fig. 1. It is seen that pi-
ons also show a transition from out-of-plane
to in-plane elliptic flow as the beam energy
increases. However, both the magnitude of
pion elliptic flow and the transition energy at
which it changes sign are significantly smaller

than those for nucleons.

In Fig. 2, we show the p; dependence
of both nucleon and pion elliptic flow in a mid-
central collision of Au+Au at a beam momen-
tum of 6 GeV/c per nucleon for the case of
a soft nuclear EOS. For protons, the elliptic
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Figure 1: The excitation function of proton (up-
per) and pion (lower) elliptic flow in mid-central
Au-+Au reactions.

flow increases approximately quadratically at
low p; and then increases linearly at high p;,
as expected from the nucleon azimuthal angle
distributions [7, 8]. For pions, their v, value is
larger than that for protons at low p; but be-
comes similar at high p;. The p; dependence
of v, for nucleons and pions in heavy ion colli-
sions at AGS energies is remarkably similar to
what one finds at both Bevalac/SIS [7, 9] and
SPS energies [10], indicating the similarity of
the collision dynamics at these different ener-
gies. We note that negative pions have higher
in-plane flow than the positive ones as a re-
sult of the Coulomb potential from protons,
i.e., negative pions are attracted to while pos-
itive ones are repelled away from protons.
Our results have thus shown that the
study of the excitation function of both nu-
cleon and pion flow is useful in understand-
ing the transition from an out-of-plane to an
in-plane elliptic flow as the incident energies

increases.
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Figure 2: The transverse momentum dependence
of nucleon and pion elliptic flow in the reaction of
Au+Au at ppeam/nucleon = 6 GeV/c and an im-
pact parameter of 4 fm using a soft nuclear equa-
tion of state.
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