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Event Anisotropy in Au + Au Non-central Collisions
at RHIC Energy
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Abstract Using the dynamical transport model RQMD, the HBT size parameters and event anisotropy
are studied for Au + Au non-central collisions at RHIC energy. We find that the HBT size parameters re-
flect the source geometry at freeze-out for such non-central collisions and the HBT size parameters as a

function of m, are insensitive to the pressure developed during the early stage of the collisions.
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Interplay between collective flow and two-particle interferometry in heavy-ion collisions has

been a subject of interest for quite some time''”*' . The main point is to understand the momentum

space structure of the system at freeze-out in order

to extract information about earlier stages of the col- 6 Roa/fm |
lision. In order to undersiand the observed depen- 5 * %

dence of the Hanbury-Brown and Twiss effect 4 if ‘:é:" ==
(HBT) size parameters on transverse momentum 3L i -
and the inference of flow on single particle spectra i ;

as well as to disentangle geometrical and dynamical 3 Riiac/fm |
components of the observed event anisotropy“iﬂ , 4+ ==

several authors have already addressed the necessity
of studies of non-central heavy-ion collisions’”*"

In this letter, we study the event anisotropy
and the dependence of pion HBT parameters on pair

transverse mass for Au + Au non-central collisions

at center of mass energy v s = 2004GeV. The im-
pact parameter range used is b6 = 7—9%m. The
RQMD(+v2.4) event generator® is used to simulate
the events and a correlation after-bumer is used to
calculate the correlation functions. The 3-dimen-

sional Gaussian fit is employed to extract the HBT
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Fig.1. The two-pion HBT size parameters in Au +

Au non-central collisions aty's = 200 A GeV.
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size parameters R, (i = side, out, long) corresponding to sideward, outward and longitudinal
directions ', respectively. Only pions from center rapidity region | ¥ | <1 are used here. In this
study, the reaction plane is defined by the impact parameter (x direction) and the projectile mo-
mentum ( z direction) . At the beginning of the collision, the overlapped region can be viewed as an
ellipse with its long axis oriented in the y-direction. Fig.1 shows the pion HBT size parameters
R.,..R

plane. Filled-dots, open-circles and open-squares, respectively, represent the results from events

irrRooand R, as a function of the pion pair transverse mass with respect to the reaction

without angle cuts, with in-plane and out-of-plane cuts. The cuts require both particles within
+ 30° either in-plane or out-of-plane accordingly .

While no sizable effects are seen in the longitudinal size parameters R, , there are clear ef-
fects in the transverse size parameters. In the pair momentum (or out) direction, the values of R_,,
from the out-of-plane region (open squares) are always larger than those from the in-plane region
(open circles) . In the side direction which is perpendicular to the pair momentum direction, the

situation is reversed . Namely, the values of R,,,. from the in-plane region (open circles) are always

side
larger than those from the out-of-plane region (open squares). In terms of the geometry in coordi-
nate space, this means that at freeze-out the shape of the source is an ellipse with its longer axis in
the y-direction. Note that this shape is similar to the one at the beginning of the collisions .

Particle azimuthal distributions with respect to the reaction plane in a given rapidity window can
be expressed by the Fourier expansion:”: . In momentum space the second coeffcient is defined as 1,
=(cos(28)) with $ =tan '(p,/p.), and in configuration space it is defined as s, = (cos(2¢))
with ¢ = tan™' (y/x). While », is claimed to be related to the initial pressure gradient, the s, pa-
rameter (not directly measurable) is connected to the geometrical content of the HBT parameters
( measurable in experiments) . Therefore the HBT measurements help to quantify asymmetries in con-
figuration space at freeze-out.

The event anisotropy parameters as a function of the transverse mass m, are plotted in Fig.2
where the positive values of v, suggest an enhanced in-plane emission while the negative values of s,
means that the shape of the source is an ellipse with its longer axis in the y-direction, the out-of-
plane region. Such s, behavior is consistent with the twoparticle correlation function results dis-
cussed above. This confirms that in principle the HBT measurement can indeed reveal the source
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Fig.2. The event anisotropy parameters in Au + Au

non-central collisions aty's =200 A GeV.
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shape and its orientation in coordinate space. The positive v, and negative s, behavior are depicted
in Fig.3 where the pion distributions, as a function of freeze-out time, in coordinate space and mo-
mentum space are shown in left and right column, respectively. Clearly, at early time, in configura-
tion space the enhanced emission is from the y-direction (s, £0) while in momentum space it is in

the x-direction (¢, =0).
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Fig.3. The Pion phase space evolulion in Au+ Au

non-central collisions aty's =200 A GeV.

However, the larger pressure gradient in the in-plane direction does not lead to the stronger m,
dependence of the size parameters. As shown in Fig.1(b), the m, dependence in the in-plane di-
rection (open circles) is in fact weaker than that in the out-of-plane direction (open squares) . This
observation certainly underlines the imporiance of the initial asymmetry in nuclear collision and casts
doubt on the flow effect in the m, dependence statement. This observation indicates that what is be-
hind the m, dependence of the HBT size parameters is the space momentum correlation, not neces-
sanly driven by the hydrodynamic pressure. In addition, one also observes that for a given patrticle,
whence the corresponding directions of transverse momentum and space vectors are randomized, the
m, distribution of radii becomes flat.

Due to the collision geometry, it is not surprising that the angular correlation is stronger in the
out-of-plane direction in non-central collisions. As can be seen in Fig.3, the long axis is in the y-
direction (out-of-plane direction) . At relatively early time, particles freeze-oul from the surface of
the overlapped region, see Fig.3 (left column) . This leads to a smaller value of the averaged angle
between their space vector and momentum vector in the y-direction compared to the x-dircction. At
later time, the source becomes more symmetric in the transverse plane. In the right column of Fig.
3, the transverse momentum distributions are found to be non-symmetric at early time, with p, >
p,» and later become more and more symmetric. In this model, the pion mean freeze-out time is
about 20 fm/¢ and the anisotropies measured by both HBT radii and v, are developed at relatively

early time.
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In summary, using the dynamical transport model RQMD(+v2.4) the event anisotropy of Au +

Au collisions is studied at the center of mass energy V's =200AGeV . Combined with the studies of
two pion correlation functions with respect to the reaction plane, one finds that the HBT size param-
eters do reflect the source geometry at freeze-out. This confirms that one can access the shape of the
source via the experimentally measured HBT parameters. The m,-dependence of the size parameters
does not reflect the pressure that developed at the early stage of the collisions, rather, they are very

sensitive to the space-momentum correlation created in the collision.
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