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Study of direct photon azimuthal anisotropy in
√
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Au+Au in RHIC-PHENIX experiment
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High energy heavy ion collision experiments have
been performed since 2000 at the Relativistic Heavy
Ion Collider (RHIC), in order to study properties of
quark-gluon plasma (QGP). Direct photon, which in-
cludes all sources from various processes except one
from hadron decay, has been measured as a power-
ful tool. It is expected not to interact strongly with
QGP, thus providing information on when it is cre-
ated. Furthermore, because direct photons are created
in various processes during the entire space-time his-
tory of collisions, they provide different probes from all
stages, for example, initial hard scattering, thermal ra-
diation from QGP, and bremsstrahlung from partonic
energy loss. Photons originating from various sources
are measured inclusively in the experiment, so there
are dificulities in measuring photons while identifying
their sources. To circumvent the difficulty, we measure
the direct photon azimuthal anisotropy.

Fig. 1. v2 as a function of pT of π0(Black) and inclusive

photon(Red) in the left plots. Direct photon v2 as a

function of pT is in the right plots.1)

Azimuthal anisotropy is defined as a relative am-
plitude of anisotropic azimuthal distribution with re-
spect to the reaction plane. To quantify the anisotropy,
Fourier series is used for the azimuthal distribution of
the number of emitted particles.

dN/dφ = N0[1 +
∑

2vncos{n(φ−Ψn)}] (1)

vn = < cos {n(φ−Ψn} > (2)

where φ is the azimuthal angle of photons, and vn
and Ψn are the strength and direction of the nth-order
harmonic azimuthal anisotropy, respectively. The sec-
ond component (v2) is referred to as elliptic flow and
is measured for various dependences (e.g. pT , particle
species). It provides the collective properties of the
high density matter, possibly QGP, that interacts and
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expands hydro-dynamically under given initial condi-
tions. In addition, v2 is found to be affected by the
initial geometry.

It is found that direct photon v2 is close to zero in
the high pT region, although π0 has finite v2. This is
consistent with the expectation that prompt photons
from intial hard scattering are dominant at high pT . It
is also found that direct photon v2 is almost the same
as π0 at low pT , where thermal photons are thought
to be dominant. The precise reason of this large v2 is
not well understood yet.

Higher order azimuthal anisotropy vn(n > 2) is con-
sidered to be more sensitive to initial geometry and
QGP shear viscosity η/s (the ratio of shear viscos-
ity eta to entropy density s) under expansion. Hence,
vn(n > 2) has been actively studied recently, and it is
considered to be important for calculating the initial
state model and the viscosity of QGP. The results of
π±, K±, and pp̄ are shown in Fig. 2. It is found that
vn(n > 2) also has collective motion.

The ongoing studies on direct photon vn(n > 2)
could help in understanding the puzzle of direct photon
v2.

Fig. 2. π±,K±, and pp̄ (a) v2, (b) v3 × 1.5, (c) v4 × 1.5,

and (d) v4(Ψ2)×5.0 as functions of pT . The green band

indicates pT correlated systematic uncertainties.
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1 Introduction

According to quantum chromodynamics, quarks and
gluons are confined with strong forces in hadrons. It is
expected that they are de-confined at a high temper-
ature or high density1,2). This is called Quark Gluon
Plasma (QGP), which may have existed in the early
universe according to the big bang theory or in the
core of a neutron star3,4). Experimentally, it is formed
by relativistic heavy ion collision with a collider. The
system geometry is elliptical at the first stage of a non-
central collision. The geometrical anisotropy generates
the asymmetry in the yield of particles as a function
of the azimuthal angle with respect to the event plane
of an event. The azimuthal anisotropy indicates an in-
teraction with a short mean free path of partons in a
hot dense medium. It also gives information about the
initial state and its expansion, possibly through the
QGP phase. The magnitude of azimuthal anisotropy
of particle emission is measured as the second term of
a Fourier series (v2),

dN/dϕ = N(1 + 2v2 cos 2(ϕ−Ψ)), (1)

where N is number of the particle emissions, ϕ is az-
imuthal angle of the particle emission [rad], and Ψ is
the event plane angle [rad].

2 Quark number scaling of hadron v2

The measured large v2 of hadrons is an indicator of
the small mean free path in the hot dense medium and
a hydrodynamic model with a low viscosity reproduces
the collective behavior of the particles5,6). Meanwhile,
the v2 value scales with the constituent quark num-
ber and is independent of the particle mass. It indi-
cates that the flow of hadrons is built up by the flow
of quarks in the QGP according to the quark coales-
cence model. The v2 of hadrons is the sum of the v2
of combined partons in the quark coalescence model as
follows,

vhadron2 (pT ) = nvparton2 (
pT
n
), (2)

where n is the number of partons in hadrons7,8). The
experimental result of quark number scaling of v2
suggests the quark level collectivity in the hot dense
matter and the quark coalescence mechanism forms
hadrons from quark matter via quark-gluon phase
transition in the Au+Au

√
sNN = 200 GeV collision

at RHIC-PHENIX9).
The study of v2 with the energy scan of heavy ion

collision may provide information about the thresh-
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old behavior of collision energy, if the quark number
dependency is an indicator of a QGP phase. A new
reaction plane detector was installed to measure the
v2 of hadrons with an enhanced event plane resolution
at the RHIC-PHENIX experiment10). The higher res-
olution allows us to study v2 at low energy collisions,
which have low statistics of particles.

3 Results of the energy scan program at
RHIC-PHENIX

The v2 of π
+ π−, K+, K−, p, p̄ and d were measured

in the Au+Au
√
sNN = 39 and 62 GeV collisions11).

The number of constituent quark scaling of the v2 of
hadrons is mostly established in these energies (fig.1
shows the results of 39 GeV). Considering this as an
indication of the QGP phase, the threshold energy of
the QGP-hadron phase transition would be lower than√
sNN = 39 GeV. In contrast, particle (especially p) v2

differs from anti-particle v2 in these lower beam energy
collisions. It could be given by interactions such as p-p̄
annihilation in the high baryon density caused by the
baryon stopping in the low energy collision.

Fig. 1. The scaled hadron v2 as a function of KET =

mT −m with the number of constituents quarks in the

Au+Au
√
sNN = 39. The KET scale cancels the pT

shift by the collective behavior.
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