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Study of relativistic heavy ion collisions using photon anisotropic flow
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Anisotropic flow (v,) produced in relativis-
tic heavy ion collisions is considered to be a
response of the initial spatial anisotropy of the
overlapping zone between two colliding nuclei.
The observation of the large anisotropic flow
of hadrons at RHIC and LHC energies pro-
vides strong confirmation of collectivity and
early thermalization of the produced hot and
dense matter in such collisions [1]. Photons
are emitted from all stages of the evolving
fireball and their emission is quite sensitive to
the initial temperature of the system formed.
Thus, photon observables can be a potential
probe to study the initial state as well as the
evolution of the Quark Gluon Plasma (QGP)
produced in relativistic heavy ion collisions [2—
4].

The anisotropic flow of photons as a func-
tion of the transverse momentum pr shows
interesting nature due to the relative contri-
butions of thermal radiation from QGP and
hadronic matter phases [5-7]. The prompt
photons produced from initial hard scatter-
ings dominate the direct photon spectra in
the region pr > 3 GeV. However, it has been
shown that only the thermal radiation directly
contribute to the anisotropic flow of photons.
The prompt contribution indirectly affect the
anisotropic flow by adding extra weight factor
in the estimation of direct photon v,,.

It is well known that the results from theo-
retical model calculations can not explain the
spectra and anisotropic flow of photons simul-
taneously at RHIC as well as at the LHC en-
ergies. This is known as direct photon puz-
zle [4, T]. We suggest that the ratio of photon
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FIG. 1: Ratio of elliptic (v2) and triangular

(vs) flow parameters of thermal photons from
200A GeV Au+Au collisions at RHIC for 0-20%
and 20-40% centrality bins using hydrodynamical
model calculation [8]. The experimental data by
PHENIX Collaboration [9] are shown for a com-
parison.

anisotropic flow parameters as a function of pr
can be a potential observable to understand
the initial state as well as the direct photon
puzzle [8] in relativistic heavy ion collisions [8].

The elliptic (vg) and triangular (v3) flow pa-
rameters of photons show similar qualitative
nature as a function of pyr at RHIC and LHC
energies. However, the elliptic flow is esti-
mated to be larger compared to the triangular
flow parameter for a particular centrality bin.
In addition, the photon elliptic flow parame-
ter shows stronger sensitivity to the collision
centrality compared to the triangular flow pa-
rameter.

We see that the ratio of photon wvs and
v clearly shows the dominance of the ther-
mal radiation by minimizing the effect of non-
thermal contributions. The photon vy /v3 also
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shows different pr dependent nature com-
pared to the individual anisotropic flow pa-
rameters. For Au+Au collisions at RHIC, the
ratio rises with smaller values of pr in the re-
gion pr <2 GeV. However, it does not change
significantly for pr >2 GeV as shown in Fig.
1. A similar qualitative nature has been seen
for the ratio calculated at the LHC energy for
Pb+Pb collisions. It is to be noted that we do
not see any correlation between the photon vs
and vz from their event-by-event distributions
at different pr values.

The individual elliptic and triangular flow
parameters underpredict the experimental
photon v,, data by a significant margin. How-
ever, their ratio is found to be in relatively
better agreement with the data at RHIC [9]
(see Fig. 1) in the pp region 2 to 3.5 GeV.
The ratio increases for more peripheral colli-
sions as the relative enhancement of photon vy
compared to vz is more for 20-40% centrality
bin compared to the 0-20% centrality bin.

The vy /vs ratio is found to be sensitive to
the initial parameters of the model calcula-
tion in different pr regions compared to the
individual elliptic and triangular flow param-
eters. A small change in initial formation time
(10) affects the ratio in the smaller pr region.
Whereas, a small variation in 7y affects the in-
dividual flow parameters mostly in the larger
pr region. In addition, we do not see a sig-
nificant change in the ratio even when a much
smaller value of the final freeze-out tempera-
ture is considered.

It has been shown in earlier studies that the
directed flow parameter v; of photons shows
a different pr dependent nature compared
to the elliptic and triangular flow parame-
ters [10]. We see both positive and negative
values of photon v; depending on the range of
the transverse momentum. The photon vy is
totally dominated by the radiation from the
QGP phase and the contribution of the pho-
tons from hadronic medium is only marginal.
Thus, vy/ve and v1/vs of photons can also
be one valuable observable to study the ini-
tial state formed in relativistic heavy ion col-
lisions. In addition, the vy /v, (n=2,3) ratio is
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expected to be sensitive to the hadronic phase
unlike the vy /v3 of photons.

We conclude that a simultaneous measure-
ment of the individual photon anisotropic
flow parameters along with the ratio of the
anisotropic flow parameters would be quite
useful in constraining the initial conditions
and also to understand the direct photon puz-
zle in relativistic heavy ion collisions.
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