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Quark-gluon-plasma(QGP) is considered to be a hot
and dense nuclear matter which is a phase of mat-
ter in quantum chromodynamics. A QGP was created
by colliding nuclei at the Relativistic Heavy Ion Col-
lider(RHIC) .
One of the strong evidence to prove the formation

of QGP is that the low momentum particle produc-
tion is anisotropic. Azimuthal anisotropy originates
from initial spatial geometry. For low momentum par-
ticles, anisotropic collective flow is considered to result
from the hydrodynamic expansion of QGP. Further the
strength of azimuthal anisotropic flow has been used to
determine the specific viscosity over entropy ratio(η/s)
of QGP and the initial spatial condition by compar-
ing it with the theoretical model. Thus measuring the
azimuthal anisotropic flow is a good method to inves-
tigate the bulk property of QGP and the space time
expansion mechanism.
The produced particle distribution is expressed as a

Fourier expansion series as follows
dN

dϕ
∝ 1 +

∑
n=1

2vn cos(n(ϕ−Ψn)) (1)

where vn = ⟨cos(n(ϕ−Ψn))⟩ n(1,2,3,4,,,) corresponds
to the strength of anisotropic flow, ϕ is the azimuthal
angle of the produced particle, Ψn is the nth order
event plane that is the average of all emitted particles
angles. So far the 2nd order flow harmonic v2 which
is called elliptic flow has been studied in symmetric
systems such as Au+Au, the 3rd order flow harmonic
v3 which is called triangular flow was not predicted
to exist because initial geometry was considered to be
symmetric. However recently, a large v3 was measured
at RHIC. The v3 is assumed to have originated from
the initial spatial fluctuation.
In 2012, a Cu+Au collision was performed at RHIC.

In Cu+Au collisions, the initial spatial geometry is
asymmetric. The pressure gradient is predicted to be
different for the Au and Cu sides. Thus the different
expansion at the Au and Cu sides will lead to the asym-
metric emission of particles. The vn in the Cu+Au col-
lision could help determine η/s and the initial spatial
condition.
Figure 1 ilustrates the Npart dependence of v2 and

v3 for three collision systems. The system size depen-
dence of v2 is clearly seen. The v2 values in Cu+Au
collisions are between those in Au+Au and Cu+Cu
data sets and v2 in all systems increases as Npart de-
creases, the difference of v2 values between the different
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systems reduce with a decreasing Npart. The Npart de-
pendencies of v2 and v3 could be expected from those of
2nd and 3rd order initial spatial anisotropies(ϵ2 and ϵ3).
The ϵ2 and ϵ3 are calculated using a Glauber Monte
Carlo simulation. Figure 2 ilustrates comparison be-
tween v2 and v3 as a function of pT with event-by-
event hydrodynamical calculation with η/s for 20-30
% centrality bin. In this hydrodynamical calculation,
Glauber Monte Carlo simulations are employed as the
initial spatial condition and 4π/s = 1 or 4π/s = 2 is
used. The hydrodynamical calculation with 4π/s = 1
has better agreement with v2 and v3 at low pT than
4π/s = 2, whereas at high pT hydrodynamical calcula-
tion with 4π/s = 2 has better agreement with v2 and
v3 than 4π/s = 1.

Fig. 1. Comparison of v2 and v3 as a function of Npart for

four centrality bins in Au+Au, Cu+Cu and Cu+Au

Fig. 2. v2 and v3 as a function of pT for 20-30% centrality

bin. Comparison of PHENIX experimental data points

and hydrodynamical calculation
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The PHENIX experiment aims to elucidate the spin
structure of nucleons and the property of the hot and
dense matter at the Relativistic Heavy Ion Collider
(RHIC). A silicon vertex detector (VTX) was success-
fully installed in 2010 as a key element in the spin and,
hot and dense matter physics. The VTX comprises a
four-layer barrel detector built from two inner silicon
pixel detectors and two outer silicon strip detectors.
As mentioned in our previous report, the silicon pixel
detectors were repaired and the active area of VTX
was improved from 60% to 90% before Run-141). This
report presents the results of the commissioning and
the performance of silicon pixel detectors in Run-14.

The silicon sensor module is an assembly of a sili-
con pixel sensor and four readout chips bump-bonded
to the sensor with soldering bumps. Most of the dead
area 10% results from the defects of soldering bumps
caused by a thermal stress during operation. The pixel
response at the boundary between the active and the
dead areas is unstable, and those pixels become noisy
because they have high resistivity caused by a week
electrical connection. The main tasks in the commis-
sioning stage are the determination of the threshold
level and mask of noise pixels for all readout chips for
minimizing fake hits.

Figure 1 shows the threshold dependence of a hit
event rate for a readout chip. The threshold is repre-
sented as a DAC value. The higher the DAC value, the
lower the number of electrons. The average of the op-
timized threshold for all readout chips was 180, which
correspons to 3,700 electrons. The average was sub-
stantially low compared with that for the 14,000 elec-
trons of Minimum Ionizing Particle (MIP).

Pedestal data was taken with a random trigger to
detect noise pixels. The location of noise pixels were
determined by detecting pixels that have a high hit
rate. Since the noise level is dependent on the thresh-
old level, a threshold and noise scan were iterated sev-
eral times. Figure 1 shows the plot after removing
pixels that have high hit rate. Approximately 0.03%
of all pixels were masked and the probability of the
noise-hit per event was reduced to 10−5.

Figure 2 illustrates a performance plot that shows

∗1 RIKEN Nishina Center
∗2 Department of Physics, Kyoto Univ.
∗3 Department of Physics, City Univ. of New York
∗4 Brookhaven National Laboratory
∗5 Oak Ridge National Laboratory
∗6 Department of Physics, Tsukuba Univ.
∗7 Department of Physics, Stony Brook University

Fig. 1. Relationship between the threshold and the

count/total event.

the correlation of the z vertex between beam-beam
counter (BBC) and VTX. The BBC is a Cherenkov
counter and determines the z vertex with a precision
of 5 mm. The position resolution of VTX is less than
80 µm at over 1 GeV/c2). The width of the plot de-
pends on the resolution of the BBC.

Fig. 2. Scatter plot of the z vertex position for BBC and

VTX.

The 200 GeV Au+Au collision run was started in
March and it ended in the middle of June. The VTX
took about 20 billion events of physics data keeping the
active area of 90% without any serious issues during
this period.
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