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Abstract
Charm quarks are mainly created in hard processes at the beginning of heavy-ion collisions and can be used as a tool to study properties of the Quark-Gluon Plasma (QGP). The modification to D-meson production in heavy-ion
collisions is sensitive to the energy loss of charm quarks in the QGP. The Heavy Flavor Tracker was installed at the STAR experiment in 2014 and enables the topological reconstruction of the decay vertices for open charm
mesons. It significantly improves precision on charm meson measurements. Besides the measurement of D0, D± provides an additional handle and cross-check to study the interaction between charm quarks and the medium. In
this poster, we present measurements of D± production in Au+Au collisions at GeV. D± mesons are reconstructed topologically via the hadronic decay channel from the data collected in 2014 with the
Heavy Flavor Tracker. The invariant yield of D± mesons in the transverse momentum range of 2 < pT < 10 GeV/c is extracted for 0-10% most central Au+Au collisions, and is found to be consistent with the D0 yield.
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D± reconstruction
• About 900 million minimum-bias Au+Au events at sNN =

200 GeV recorded in year 2014 are used for this analysis.
• Event selection cuts:

• Vertex position |Vz| < 6 cm
• Vertex correlation |Vz(VPD)-Vz| < 3 cm.

• Track selection cuts:
• Hits in the two PIXEL and one IST layers are required.
• At least 20 space points in the TPC for track

reconstruction.
• Pseudo-rapidity: η < 1.

• Topological cuts:
• Daughter DCA to primary vertex: DCAπ > 100 μm,

DCAK > 80 μm.
• Pointing angle of reconstructed vertex to primary

vertex: cos(θ) > 0.998.
• D± decay length between 30 μm and 2000 μm (PDG cτ

= 311.8 μm).
• DCA between daughter pairs: DCApair< 80 μm.
• Longest edge of the triangle formed by reconstructed

daughter pair vertices must fulfil Δmax < 200 μm.
• Particle identification:

• Daughter pT > 500 MeV/c.
• TPC: |nσπ| < 3.0 for pions and |nσK| < 2.0 for kaons.
• TOF: |1/β-1/βπ| < 0.03 for pions and |1/β-1/βK| < 0.03

for kaons. TOF information is used when available,
otherwise only TPC is used.

Motivation

Nuclear modification factor (RAA) [1].

• Heavy quarks are mostly created in the
initial phase of heavy-ion collisions.
Therefore they experience the entire
evolution of the system and are a good
probe to study the properties of the
Quark-Gluon Plasma (QGP).

• The strong suppression of high-pT D0

meson yields indicates large energy loss
of charm quarks in the QGP.

• Besides the D0 meson, D± provides an
independent handle to study the charm
quark interaction with the medium.

STAR detector

Heavy Flavor Detector (2014-2016)

Time Projection Chamber Time Of Flight

Magnet

Muon Telescope
Detector (2014)

Barrel ElectroMagnetic
Calorimeter

Vertex Position
Detector

STAR detector with main mid-rapidity detectors. HFT resolution [3].

• The Solenoidal Tracker at RHIC (STAR) was designed to investigate the strongly 
interacting matter. It covers full azimuth at mid-rapidity ( η < 1) with 0.5 T of solenoidal 
magnetic field.

• Main sub-detectors used in this analysis are:
1. Time Projection Chamber (TPC): main tracking device, particle identification via 

specific energy loss dE/dx, momentum reconstruction.
2. Time Of Flight (TOF): low pT particle identification via velocity 1/β.
3. Heavy Flavor Tracker (HFT) [2]: new inner tracking system composed of three silicon 

detectors – the PIXEL made of two Monolithic Active Pixel Sensors layers, 
Intermediate Silicon Tracker (IST) and Silicon Strip Detector (SSD).

Δmax

DCApair

• The Hadronic decay channel
D →K π π is used.

• Background is estimated via the
wrong-sign method: 2 correct-
signal (D+, D-) and 6 wrong-signal
(background) combinations.

• D± raw yields and significance are
calculated using the bin-counting
method in the 0-10% central
Au+Au collisions for 2 < pT < 10
GeV/c.

• Significance:

• Data-driven fast simulator has been
developed using

1. centrality-dependent Vz distributions
from data

2. ratio of HFT matched tracks to TPC
tracks from data

3. TPC efficiency and momentum
resolution from embedding

and validated with full GEANT simulation.

• The D± raw yield is corrected using the following formula:
•

where Ncharge = 2, Nevents number of events, BR = (9.13±0.19)%, ΔpT bin width, Δy
rapidity width, Eff(pT) detector acceptance x efficiency.

• Systematic uncertainties are estimated by varying cuts on daughter pT, daughter DCA,
DCApair, Δmax, TPC fit points, changing histogram binning and testing fit stability.

• The D0 spectrum in p+p collisions measured using 2009 data is used as the baseline.

• The D± invariant yield spectrum in 0-10% central Au+Au collisions at sNN = 200 GeV is
measured via the hadronic decay channel D → K π π for the pT range of 2-8 GeV/c.

• The D± and D0 yields are consistent, both indicating strong energy losses of charm
quarks in the medium.

• The invariant yield of D± mesons with 2 < pT < 8 GeV/c in 0-10% central Au+Au
collisions is consistent with that of D0 mesons within uncertainties. The nuclear
modification factor (RAA) for D± also exhibits strong suppression at high pT, indicating
substantial energy loss of charm quarks in the medium.

Ncol uncert.
σpp uncert.

Measurements of charm meson production
in p+p and Au+Au collisions by the STAR experiment

Motivation

•  In central heavy-ion collisions at Relativistic Heavy Ion Collider (RHIC), a hot and dense nuclear matter, 
called the quark-gluon plasma (QGP), is created.
•  Charm quarks possess large masses, and thus are produced primarily at the initial stages of heavy-ion 
collisions. Therefore, they are considered excellent probes to QGP properties. 
•  Charm quarks are expected to lose energy while traversing the medium. In particular, a mass ordering of 
the parton energy loss in the hot medium is predicted, i.e. heavy-flavour quarks are expected to lose less 
energy than light-flavour quarks.
•  The possible collective behavior of charm quarks reflects the degree of thermalization of charm quarks 
in the medium, and is related to the bulk properties of the QGP.

•  D mesons are reconstructed via their hadronic decay channels, as the daughter particles can be tracked 
and identified with excellent precision thanks to especially the Heavy Flavor Tracker at the STAR experi-
ment.
•  Charm quark production in p+p collisions is well described by QCD based calculations over a wide range 
of collision energies.
•  Charm quarks participate in coalescence hadronization in the QGP as suggested by the enhanced DS/D0 
ratio observed in Au+Au collisions.

Conclusion
•  At high transverse momenta and in central Au+Au collisions, D meson production is strongly suppressed 
compared to that in p+p collisions, indicating strong charm-medium interactions.
•  D0 meson v2  and v3 follow NCQ scaling as light hadrons - suggests that charm quarks have gained signifi-
cant flow through interactions with the QGP.
•  D0 meson v2 for transverse momentum below 4 GeV/c is described by 3D viscous hydrodynamic model, 
suggesting charm quarks may have achieved local thermal equilibrium.

STAR Preliminary

•  The Solenoidal Tracker at RHIC (STAR) was designed to study the strongly interacting matter by detect-
ing particles emerging from heavy-ion collisions.
•  STAR excels in tracking and identification of charged particles at mid-rapidity (|η| < 1) with full azimuthal 
coverage.
•  Most of the subsystems are immersed in 0.5 T solenoidal magnetic field.

STAR detector

Time Projection Chamber (TPC)
•  main tracking device; momentum determi-
nation
•  particle identification via specific energy 
loss dE/dx 
Time Of Flight (TOF)
•  particle identification at low transverse mo-
mentum pT via velocity β
Heavy Flavor Tracker (HFT):
•  inner tracking system composed of three 
silicon detectors – the PIXEL made of two 
Monolithic Active Pixel Sensor layers, Inter-
mediate Silicon Tracker and Silicon Strip De-
tector
•  excellent DCAxy resolution: 30 µm at
pT = 1.5 GeV/c
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•! Ds/D0: larger than fragmentation baseline and PYTHIA ! coalescence 
•! TAMU model (10-40%) under-predicts the enhancement around 3 GeV/c  

–! For TAMU model, even harder to get high-pT enhancement with coalescence 
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•! Charm vs. light flavor: similar enhancement above 3.5 GeV/c, but 
smaller within 2.5-3.5 GeV/c 

Charm-strange Hadron Enhancement 

SHM

Strangeness enhancement

The yield ratio of DS to D0 in Au+Au collisions at
√sNN = 200 GeV, compared to fragmentation baseline

•  DS is more sensitive to properties of the QGP, due 
to earlier freeze-out compared to D0 meson.
•  DS/D0 ratio is significantly larger than the frag-
mentation baseline (p+p). It is also higher than the 
TAMU model calculation, but seems to be consist-
ent with statistical hadronization model (SHM) pre-
diction (0.35-0.4).
•  Enhancement of strange-charm meson (DS) in 
Au+Au collisions suggests that charm quarks also 
participate in coalescence hadronization in the QGP.
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•  Nuclear modification factor - ratio of particle production in A+A and p+p collisions, scaled by nuclear 
overlap function, is usually used to study parton energy loss: 

Energy loss in Au+Au

 The D± and D0 RAA in central Au+Au collisions at
√sNN = 200 GeV, compared to theoretical models

 The nuclear modification factors of prompt and 
non-prompt D0 mesons in Au+Au collisions at

√sNN = 200 GeV, compared to model calculations

•  Strong suppression ob-
served for non-prompt D0 
mesons from B-hadron 
decays above 5 GeV/c.

•  Hint of less suppression for non-prompt D0 than 
prompt ones.
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•  The nuclear modification factor exhibits strong sup-
pression at high pT, indicating substantial energy loss 
of charm quarks in the medium.
•  The D meson RAA is consistent with model calcula-
tions including strong charm-medium interactions and 
coalescence hadronization at intermediate pT.

[7]
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FIG. 9. (Color online) The differential invariant cross sec-
tion of the cc̄ production compared with FONLL prediction
[32] including all uncertainties. Data points are already cor-
rected on bin widths and fitted by Lévy Power-law function
(19) with m0 chosen to be 1.5 GeV/c2. Lower panel shows
the same objects divided by the FONLL prediction from the
upper panel.

ing the extrapolation factor calculated as

1
2

1∫

−1

dσpp
cc̄

dy
dy

/ 5∫

−5

dσpp
cc̄

dy
dy

values 5.4, 5.2, and 5.0, respectively. Thus, the extracted
charm total cross section σcc̄ at

√
s = 500 GeV is

σcc̄ = 1195 ± 183(stat) ± 175(syst),

where the extrapolation error was included into the sys-717

tematic error. This result is displayed with results from718

other experiments in Figure 10, revealing very good719

agreement with the NLO prediction [31] which is shown720

as its central value calculated at µF /m = 2.1, µR/m =721

1.6, upper limit calculated at µF /m = 4.65, µR/m =722

1.48, and lower limit calculated at µF /m = 1.35, µR/m =723

1.71, where m denotes the charm quark mass fixed at724

m = 1.27 GeV/c2. LHCb results [38, 39] were published725

at forward rapidity 2 < y < 4.5 and pT < 8 GeV/c726

so we had to extrapolate them using FONLL [32] to full727

rapidity. The extrapolation errors were included into sys-728

tematic uncertainties.729

 [GeV]s
210 310 410

b]
 [ ccN

N

1

10

210

310

410 NLO

NLO limit

Fixed Target Data

PHENIX

STAR p+p at 200 GeV

STAR p+p at 500 GeV

ALICE

ATLAS

LHCb

FIG. 10. (Color online) Total cc̄ production cross section as a
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√
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ment of the analysis presented in this paper is shown as the
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Ref. [40–46], PHENIX from Ref. [47], ALICE from Ref. [6],
and ATLAS from Ref. [48]. The LHCb were extrapolated
using FONLL [32] forward rapidity published in Ref. [38] (at
7 TeV) and [39] (at 13 TeV) to full rapidity. NLO prediction
shown as thick solid black curve together with its upper and
lower limit (dashed curves) were taken from Ref. [31].

VII. SUMMARY730

In summary the measurement of open charm meson
D0 and D∗ production cross section in p+p collisions
at

√
s = 500 GeV has been reported. The mesons has

been reconstructed in hadronic decays channel and their
transverse momentum range is 1-20 GeV/c. The cc̄ pro-
duction cross section at mid-rapidity extracted from this
measurement is

dσpp
cc̄

dy

∣∣∣∣
y=0

= 229.8 ± 35.2(stat) ± 32.4(syst) µb,

Charm quark production in p+p collisions

The D meson production cross section in p+p
collisions from √s = 200 GeV to √s = 7 TeV,

compared with QCD based theoretical predictions

Total charm quark production cross section as
a function of √s, compared with

QCD calculations at NLO
Probing  Quark Gluon Plasma with charm quark

• Charm quark: mc >> TQGP, ΛQCD

– Produced in the hard scatterings at the early stage of nuclear 
collisions  experience the entire evolution of medium

– Charm cross section scales with Ncoll in Au+Au collisions 
important input for models to calculate regeneration 
contribution to charmonium

• Currently, 16% uncertainty in 0-10% Au+Au events*

– Clean probe at RHIC as contributions from gluon splitting and 
bottom quark are small.

– Its production rate is well described by pQCD in elementary 
collisions

STAR: PRD 86 (2012) 072013, NPA 931 (2014) 520
CDF: PRL 91 (2003) 241804; ALICE: JHEP01 (2012) 128
FONLL: PRL 95 (2005) 122001
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*PRL 113 (2014) 142301
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•  Differential and total charm quark production cross sections are well described by QCD calculations in 
elementary p+p collisions at √s = 200 GeV to 7 TeV. 

STAR Preliminary
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Au

Au•  Fourier expansion of the particle yield with respect to the reaction plane:

Elliptic and triangular anisotropy

The elliptic anisotropy v2 for D0 mesons and light 
mesons in Au+Au collisions at √sNN = 200 GeV
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•  Clear mass ordering of v2 for pT < 2 GeV/c. D0 v2 
follows other light hadrons for pT > 2 GeV/c. [8]
•  D0 v2 and v3 follow NCQ scaling, suggesting that 
charm quarks flow with the QGP.
      •  Light flavor v2 and v3 suggest hydrodynamic 
           behavior of a strongly interacting matter.
•  3D viscous hydrodynamic model describes data 
below 4 GeV/c, suggesting charm quarks may have 
achieved local thermal equilibrium.
•  First measurement of D0 v3 at RHIC - D0 v3 is 
non-zero.
•  Models with charm quark diffusion coefficient of 
2-12 can describe simultaneously D0 RAA and v2 re-
sults. Lattice-QCD calculations of the diffusion coef-
ficient are consistent with the values inferred from 
data.
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example, the D0 candidate-hadron azimuthal cumulant
V cand−h
2 ≡ 〈 cos(2φcand − 2φh)〉, shown as a function of

pT as solid markers in Fig. 2 (b), is calculated by the
Q-cumulant method where φcand and φh are azimuthal
angles for D0 candidates and charged hadrons, respec-
tively [33]. The average is taken over all events and
all particles. Neglecting non-flow contributions, the fol-
lowing factorization can be assumed to obtain the D0

v2: V cand−h
2 = vcand2 vh2 . Here, vh2 can be obtained

from hadron-hadron correlations via V h−h
2 = vh2 v

h
2 . The

same η-gap as in the event plane method was chosen
for the correlation analysis. The D0 background v2 is
calculated similarly, with the background represented
by the average of the like-sign Kπ pairs in the D0

mass window (±3σ, where σ is the signal width) and
side bands (4−9σ away from the D0 peak, both like-
sign and unlike-sign Kπ pairs). The background-hadron
cumulant is also shown in Fig. 2 (b) as open circles.
The D0 v2 is obtained from the candidate and back-
ground v2 and their respective yields (Ncand, Nbg) by

v2 = (Ncandv
cand
2 −Nbgv

bg
2 )/(Ncand −Nbg).

The systematic uncertainty is estimated by compar-
ing v2 obtained from the following different methods:
a) the fit vs. side-band methods, b) varying invariant
mass ranges for the fit and for the side bands, c) varying
geometric cuts so that the efficiency changes by ±50%
with respect to the nominal value. These three different
sources are varied independently to form multiple com-
binations. We then take the maximum difference from
these combinations and divide by

√
12 as one standard

deviation of the systematic uncertainty. The feed-down
contribution from B-meson decays to our measured D0

yield is estimated to be less than 4%. Compared to other
systematic uncertainties, this contribution is negligible
even in the extreme case that B-meson v2 is 0.

Figure 2 (c) shows the result of the D0 v2 in 0–80%
centrality Au+Au events as a function of pT. The re-
sults from the event plane and correlation methods are
consistent with each other within uncertainties. For fur-
ther discussion in this letter, we use v2 from the event
plane method only, which has been widely used in previ-
ous STAR identified particle v2 measurements [36, 37].

The residual non-flow contribution is estimated by
scaling the D0-hadron correlation (with the same η gap
used in the analysis) in p+p collisions, where only the
non-flow effects are present, by the average v2 (v2) and
multiplicity (M) of charged hadrons used for event plane
reconstruction or D0-hadron correlations in Au+Au col-
lisions. Thus the non-flow contribution is estimated to
be

〈∑
i
cos 2(φD0 − φi)

〉
/Mv2 [38], where φD0 and φi

are the azimuthal angles for the D0 and hadron, respec-
tively. The

∑
i is done for charged tracks in the same

event, and 〈〉 is an average over all events. The D0-
hadron correlation in p+p collisions is deduced from D∗-
hadron correlations measured with data taken by STAR
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FIG. 3. (color online) (a) v2 as a function of pT and (b) v2/nq

as a function of (mT − m0)/nq for D0 in 10–40% centrality
Au+Au collisions compared with K0

S , Λ, and Ξ− [36]. The
vertical bars and brackets represent statistical and system-
atic uncertainties, and the grey bands represent the estimated
non-flow contribution.

in year 2012 for pT> 3GeV/c and from a PYTHIA sim-
ulation for pT< 3GeV/c. The correlations in p+p colli-
sions were used as a conservative estimate since the cor-
relation may be suppressed in Au+Au collisions due to
the hot medium effect. The estimated non-flow contri-
bution is shown separately (grey bands) along with the
systematic and statistical uncertainties in Figs. 3 and 4.

For cross check we performed a MC simulation using
the measured D0 v2 to calculate the single electron v2
and compare to previous RHIC measurements [14, 15].
Both the PHENIX and STAR measurements are com-
patible with the calculated electron v2 at pT < 3GeV/c
where the charm hadron contribution dominates [39–41].
At higher pT region, where the bottom contribution is
sizable, the large uncertainty in the measurement of v2
of single electrons does not allow for a reasonable extrac-
tion of v2 for B-mesons.

Figure 3 compares the measured D0 v2 from the event
plane method in 10–40% centrality bin with v2 of K0

S ,
Λ, and Ξ− [36]. The comparison between D0 and light
hadrons needs to be done in a narrow centrality bin
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example, the D0 candidate-hadron azimuthal cumulant
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all particles. Neglecting non-flow contributions, the fol-
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centrality Au+Au events as a function of pT. The re-
sults from the event plane and correlation methods are
consistent with each other within uncertainties. For fur-
ther discussion in this letter, we use v2 from the event
plane method only, which has been widely used in previ-
ous STAR identified particle v2 measurements [36, 37].

The residual non-flow contribution is estimated by
scaling the D0-hadron correlation (with the same η gap
used in the analysis) in p+p collisions, where only the
non-flow effects are present, by the average v2 (v2) and
multiplicity (M) of charged hadrons used for event plane
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lisions. Thus the non-flow contribution is estimated to
be
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event, and 〈〉 is an average over all events. The D0-
hadron correlation in p+p collisions is deduced from D∗-
hadron correlations measured with data taken by STAR

 (GeV/c)
T

p
0 1 2 3 4 5 6

2
An

is
ot

ro
py

 P
ar

am
et

er
, v

0

0.1

0.2

0.3 0D
-Ξ

Λ

SK
 = 200 GeVNNsSTAR Au+Au 

10-40%

a)

) 2 (GeV/cq) / n0 - m
T

(m
0 0.5 1 1.5 2 2.5

q
 / 

n
2

An
is

ot
ro

py
 P

ar
am

et
er

, v

0

0.05

0.1

0D
-Ξ

Λ

SK
 = 200 GeVNNsSTAR Au+Au 

10-40%

b)

FIG. 3. (color online) (a) v2 as a function of pT and (b) v2/nq

as a function of (mT − m0)/nq for D0 in 10–40% centrality
Au+Au collisions compared with K0

S , Λ, and Ξ− [36]. The
vertical bars and brackets represent statistical and system-
atic uncertainties, and the grey bands represent the estimated
non-flow contribution.

in year 2012 for pT> 3GeV/c and from a PYTHIA sim-
ulation for pT< 3GeV/c. The correlations in p+p colli-
sions were used as a conservative estimate since the cor-
relation may be suppressed in Au+Au collisions due to
the hot medium effect. The estimated non-flow contri-
bution is shown separately (grey bands) along with the
systematic and statistical uncertainties in Figs. 3 and 4.

For cross check we performed a MC simulation using
the measured D0 v2 to calculate the single electron v2
and compare to previous RHIC measurements [14, 15].
Both the PHENIX and STAR measurements are com-
patible with the calculated electron v2 at pT < 3GeV/c
where the charm hadron contribution dominates [39–41].
At higher pT region, where the bottom contribution is
sizable, the large uncertainty in the measurement of v2
of single electrons does not allow for a reasonable extrac-
tion of v2 for B-mesons.

Figure 3 compares the measured D0 v2 from the event
plane method in 10–40% centrality bin with v2 of K0

S ,
Λ, and Ξ− [36]. The comparison between D0 and light
hadrons needs to be done in a narrow centrality bin

 The elliptic anisotropy v2 per constituent quark 
for D0 mesons and light mesons in Au+Au colli-

sions at √sNN = 200 GeV

The elliptic anisotropy v2 for D0 mesons
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FIG. 4. (color online) v2 as a function of pT for D0 in 0–
80% centrality Au+Au collisions compared with model calcu-
lations [16–21, 45].

to avoid the bias caused by the fact that the D0 yield
scales with number of binary collisions while the yield of
light hadrons scales approximately with number of the
participants [42]. Panel (a) shows v2 as a function of
pT where a clear mass ordering for pT< 2GeV/c includ-
ing D0 mesons is observed. For pT> 2GeV/c, the D0

meson v2 follows that of other light mesons indicating
significant charm quark flow at RHIC [36, 37, 43]. Recent
ALICE measurements show that the D0 v2 is comparable
to that of charged hadrons in 0-50% Pb+Pb collisions at√
s
NN

= 2.76TeV [13] suggesting sizable charm flow at
the LHC. Panel (b) shows v2/nq as a function of scaled
transverse kinetic energy, (mT−m0)/nq, where nq is the
number of constituent quarks in the hadron, m0 its mass,
and mT =

√
p2T +m2

0. We find that the D0 v2 falls into
the same universal trend as all other light hadrons [44], in
particular for (mT −m0)/nq < 1GeV/c2. This suggests
that charm quarks have gained significant flow through
interactions with the sQGP medium in 10–40% Au+Au
collisions at

√
s
NN

= 200GeV.

The heavy quark-medium interaction is often charac-
terized by a spatial diffusion coefficient Ds, or a dimen-
sionless coefficient 2πTDs, where T is the medium tem-
perature [5]. In Fig. 4, the measured D0 v2 in 0–80%
centrality collisions is compared with several model cal-
culations [16–21, 45]. Duke, LBT, PHSD, SUBATECH
models and TAMU model with charm quark diffusion
are able to describe our previously published D0 RAA

result [10, 16, 21]. Compared to the v2 measurement,
TAMU model with no charm quark diffusion does not
reproduce the data, while the same model with charm
quark diffusion turned on describes the data better [20].
A 3D viscous event-by-event hydrodynamic simulation
with η/s=0.12 using the AMPT initial condition and
tuned to describe v2 for light hadrons, predicts D0 v2

that is consistent with our data for pT< 4GeV/c [45].
This suggests that charm quarks have achieved thermal
equilibrium in these collisions. We performed a statisti-
cal significance test for the consistency between our data
and each model quantified by χ2/NDF and the p-value
listed in Table I. One can observe that the Duke model
and TAMU model with no charm quark diffusion are
inconsistent with our v2 data, while other models de-
scribe the v2 data in the measured pT region. These
models that can describe both the RAA and v2 data in-
clude the temperature–dependent charm diffusion coeffi-
cient 2πTDs in the range of ∼2–12. 2πTDs predicted by
lattice QCD calculations fall in the same range [46, 47].
In addition to the different treatments of the charm–
medium interactions, there are also various differences
among these models, e.g. the initial state, the space-time
description of the QGP evolution, the hadronization, and
the interactions in the hadronic matter. More coherent
model treatments of these aspects are needed in order
to better interpret the information about charm-medium
interaction, and provide a better constraint on 2πTDs

using our D0 v2 measurement.

TABLE I. D0 v2 in 0–80% centrality Au+Au collisions com-
pared with model calculations, quantified by χ2/NDF and the
p-value. 2πTDs values quoted are in the range of Tc to 2Tc.
χ2/NDF is calculated in the pT range wherever the model
calculation is available.

compare with 2πTDs χ2/NDF p-value
SUBATECH [17] 2−4 15.2 / 8 0.06
TAMU c quark diff. [20] 5−12 10.0 / 8 0.26
TAMU no c quark diff. [20] - 29.5 / 8 2× 10−4

Duke [19] 7 35.7 / 8 2× 10−5

LBT [21] 3−6 11.1 / 8 0.19
PHSD [16] 5−12 8.7 / 7 0.28
3D viscous hydro [45] - 3.6 / 6 0.73

In summary, the D0 v2 in Au+Au collisions at
√
s
NN

=
200GeV has been measured with the STAR detector us-
ing the Heavy Flavor Tracker, a newly installed high–
resolution silicon detector. The measured D0 v2 fol-
lows the mass ordering at low pT observed earlier. The
v2/nq of D0 is consistent with that of other hadrons
at (mT − m0)/nq < 1GeV/c2 in 10–40% centrality col-
lisions. A 3D viscous hydrodynamic model describes the
D0 v2 for pT < 4GeV/c. Our results suggest that charm
quarks exhibit the same strong collective behavior as the
light hadrons and may be close to thermal equilibrium in
Au+Au collisions at

√
s
NN

= 200GeV. Several theoreti-
cal calculations with temperature–dependent, dimension-
less charm quark spatial diffusion coefficients (2πTDs)
in the range of ∼2–12 can simultaneously reproduce our
D0 v2 result as well as the previously published STAR
measurement of the D0 nuclear modification factor. The
charm quark diffusion coefficients from lattice QCD cal-
culations are consistent with the same range [46, 47].
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