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We obtain the first measurement of J/v elliptic flow at RHIC energies
in forward rapidity using data from the PHENIX detector and applying
an event plane method. The dataset used contains 19 billion events from
the PHENIX experiment’s Run 14 Au+Au dataset at /syn = 200 GeV.
PHENIX has measured a J/v vy in a centrality range of 10-60% that
is consistent with zero. Taken together with the results from LHC, the
measurement of ve, which is consistent with zero, may indicate that J/¢
production by coalescence is not significant at forward rapidity at RHIC
energy.
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1. Introduction

The QGP has been found to exhibit a nearly perfect fluid behavior [1].
This behavior manifests itself as strong correlations between particles pro-
duced in nuclear collisions. Presently, the detailed interactions of the heavy
quarks in the QGP medium are under investigation and, because heavy-
flavor quarks will have relatively larger masses, they may not be thermal-
ized and flow with the medium. The production of J/4 in p + p collisions is
theoretically well understood because they are produced in hard scattering
processes. This feature, in addition to their production in hard scattering
events in the initial stages of the collision, makes them ideal probes for
testing the properties of the QGP medium. However, in nucleus+nucleus
collisions, some of the produced .J/1 mesons may be dissolved by the QGP,
which may create anisotropies in the observed J/t azimuthal distributions
due to the different path length in the medium. Additionally, a similar signal
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may be created if the J/1 thermalizes inside the medium and follows the
pressure gradients as lighter particles do, or the .J/¢ may dissociate, and the
charm quarks could equilibrate which could lead to J/1 regeneration. We
present a preliminary result for J/¢ ve using the PHENIX Run 14 Au+Au
dataset at \/syn = 200 GeV.

2. Data analysis and methodology

2.1. Dataset and detectors

In this analysis, we use the Run 14 Au+Au Muon Arm dataset at
V3NN = 200 GeV containing 19 billion events. The dimuon decay chan-
nel is used to reconstruct candidate J/1¢ mesons. The PHENIX experiment
has a unique coverage at forward rapidity with muon identification. This in
addition to the large dataset of Au+Au collisions collected in 2014 allows for
a statistically improved measurement of .J/1 elliptic flow at RHIC energies.

The key detector in this analysis is the Forward Silicon Vertex Detector
(FVTX). With the FVTX, an increase in precision vertexing capabilities was
added to the muon spectrometers, enabling the rejection of muons from the
decay of relatively long-lived particles, and an additional way of determining
the event plane [2].

2.2. Combinatorial background subtraction

To obtain a pure signal for the J/v from dimuon mass distributions, we
employ event-mixing as the standard method of removing the background
dimuons. For this event-mixing method, the background is constructed from
dimuon pairs of the opposite signs, but the single muons come from differ-
ent events. Mixed-event dimuon pairs are only formed if two events have
a centrality closer than 5%, a Z vertex closer than 0.75 c¢cm, and an event
plane angle closer than 7/20 rad. Using events instead of individual dimuons
allows us to increase the likelihood that we are using combinatorial back-
ground dimuons. A normalization factor must be applied for the background
which can be obtained by using the ratio of like-sign pairs from the same
event to like-sign pairs from mixed events. The signal is then obtained by
the subtraction of the normalized background from the foreground.

2.8. Fitting the dimuon mass distribution

In the fitting of the mass distributions, we assume the shape of the J/v
signal to be a Crystal Ball function, and given the statistical precision of the
dataset, we also apply the same shape to the ¥(2S5) to avoid their inclusion
in the higher mass .J/1 region. The parameters of the Crystal Ball function
are obtained using the J/¢ embedded Monte Carlo simulation data. We
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produce simulated mass distributions for low/high pp and South/North arm
rapidities, fitting the distributions allowing for the function to have free («,
n, &, and o) parameters. The J/1¢ count for each distribution is obtained
by the integral of the J/¢ crystal ball function in the fit (see figure 1).
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Fig. 1. (Color online) Mass distributions using mixed-event subtraction for the un-
weighted “standard” set. These are binned by pr in each column, and rapidity+A¢
angle for each row. The green dashed curve is a Crystal Ball fitted to the J/1) peak,
the blue dash-dotted curve is a Crystal Ball fitted to the ¢(2S5) peak, the red dotted

curve is an exponential fitted to the remaining background after subtraction, and
the black solid is the total fit.

2.4. Fvent plane method and measuring vo

We are primarily using the In/Out ratio method, which is an event plane
method 3| that uses the counts of the J/v¢ in bins of A¢ to measure vs.
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The In/Out ratio method splits the distributions into 2 bins of A¢, one in
a plane with the event plane and the other out of the plane. We measure vy
using this method by looking at the difference between these bins. If there
is no preference in either plane, we would observe a flow around zero.

2.5. Systematic uncertainties

The systematic uncertainties are determined by changing various aspects
of the analysis. As of this time, we have employed changing the primary de-
tector of the analysis from the FVTX to the Central Arm Spectrometers
(CNT), which covers a different pseudorapidity range. We have used a dif-
ferent method for our combinatorial background subtraction, the like-sign
method, which constructs the background with dimuon pairs of the same
sign (uTpt and g~ p~) that come from the same event. The uncertainty
in the normalization factor in the event-mixing method was also incorpo-
rated into the systematic uncertainty. The last systematic uncertainty we
consider comes from the mass fitting of the dimuon distribution, where the
shape of the continuum distribution was assumed to be an exponential func-
tion, and the uncertainty in this assumption can be explored by assuming
no continuum contribution in the J/1¢ mass region.

3. Results

Figure 2 shows the pp-dependent J/¢ vy. The measurement in this
analysis for PHENIX Run 14 at forward rapidity in a centrality range of 10—
60% is shown in red circle. The measurement made by STAR at mid-rapidity
and in a centrality range of 10-40% is shown in black star. The ALICE result
at forward rapidity in a centrality range of 20-40% is shown in blue square.
Boxes surrounding the data points represent systematic uncertainties.

PHENIX observes a larger suppression of J/1 yield in forward rapidity
when compared to mid-rapidity. This is contrary to expectations because
effects that dissolve the J/v¢ have been determined to be stronger at mid-
rapidity [6]. To understand this observation, we begin by looking into the
production of ¢¢ pairs. The majority of c¢ pairs per event in central collisions
at RHIC are produced at mid-rapidity. At LHC energies, less suppression
is observed, where many more cc¢ pairs per event in central collisions are
produced [7]. To explain this behavior, theoretical models require a contri-
bution of coalescence via a recombination mechanism between charm and
anticharm quarks [8]. It was found that the strength of this coalescence
effect increases with the initial number of produced c¢ pairs relative to the
total number of quarks, increasing with the collision energy.
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Fig.2. (Color online) Plot of pr-dependent J/¢ ve. The PHENIX result in red
circle is compared to STAR [4] in black star and ALICE [5] in blue square.

At LHC energies, a nonzero vy is observed, this is in line with J/v
formed by coalescence in the QGP medium, and carrying the azimuthal
anisotropy of the system [5]. At RHIC energies, STAR has measured v, that
is consistent with zero, but due to limited statistics remains inconclusive [4].
With coalescence being the dominant mechanism for nonzero J/v¢ wve, it
should follow that systems where fewer c¢ pairs are formed should have a
smaller azimuthal anisotropy.

From the figure, we can see the clear nonzero vs measured by ALICE.
Although the ALICE measurement is at much higher energy, we know wvs
does not scale with energy for J/1, so it makes for a good comparison that
the ALICE result which is clearly nonzero is different from our measurement.
In our measurement, we see a vg that is clearly consistent with zero across
all pr bins. The systematic uncertainties were conservatively estimated, not
taking into account cancellations or correlations of uncertainties from differ-
ent sources. Additional data from Run 16 of RHIC will be included in the
final results, and we expect that both statistical and systematic uncertainties
will be significantly reduced.
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4. Conclusion and outlook

We have presented PHENIX Run 14 pp-dependent J/v¢ vy at forward
rapidity at \/syn = 200 GeV. PHENIX has measured a J/1 vy that is
consistent with zero. We have determined that the ALICE result, where
there is clearly nonzero v, is distinctly different from our measurement,
and that forward and mid-rapidity results at RHIC are consistent, but the
uncertainties are still large. In the future, we will incorporate Run 16 data
in our measurement, essentially doubling the current dataset and reducing
statistical uncertainties accordingly. We also plan to study open heavy flavor

v2 to obtain a more complete understanding of the heavy-flavor dynamics
at RHIC.
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