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Why Charm Quark?

hadronic phase

QGP and . and freeze-out
hydrodynamic expansion

initial state

pre-equilibrium

Heavy flavor quarks

- Produced in early stage: probe properties of medium

- Thermalization is delayed by a factor of ~5-10 (mq/T)

- Much less gluon radiation ~(mg/mc)%;

- Momentum transfer from thermal medium is small compared to
heavy quark momentum: Brownian Motion approach;
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Why Elliptic Flow (vo

v

d°N 1 d°N < BN -
E——-= 1+22vn cos[n(q)—‘Pn)]
d p 27[ p po Tdy n=1 densityh/ig:ressure SRS
at center 400 s
Elliptic flow (v2): the second term of
Fourier expansion 7 o
V2 in non-central heavy-ion collisions -
suggests hydrodynamic behavior of a 1500 s
strongly interacting matter. —_
Charm hadron v, provides insights Science, 298, pp. 2179-2182 (2002)
into transport properties of sQGP J. E. Thomas, et al.
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STAR Detector

Time Projection Chamber
Time Of Flight detector ( TPC) Vertex Position Detector

(TOF):PID (1/R) Tracking, dE/dx (VPD): Minimum Bias Trigger
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"Heavy Flavor Tracker
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HFT (Heavy Flavor Tracker)

- SSD — Silicon Strip
Detector (r~22cm)
- IST — Intermediate Silicon
Tracker (r~14cm)
PXL — Pixel Detector
(r~2.8 & 8cm)

e
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-
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Direct topological reconstruction of charm hadrons
(e.g. D9->Km, ct~120 pm)
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HFT Performance

DCA resolution
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Topological Reconstruction
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mprovement with HET

Significance greatly enhanced compared to previous STAR result (2010+2011)

STAR: PRL 113 (2014) 142301

L. Adamczyk et al. (STAR Collaboration)
STAR Au+Au 200 GeV MinBias 5 400|. 0-80% 0<p_<8 Gevie
0<pT<8GeV/c - b N =139

lyl <1, 0-80% X [ sig

e same event (SE)-| £ 300
—— mix event (ME) % i
- SE-ME [ 200] B 200
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1l | 100
: . 0
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DO reconstruction at STAR in 2010+2011

Solid circle : Sametvent-MixEvent

Open circle: residual background subtracted

w/o HFT w HFT
2010+2011 2014

#events(MB) analyzed 1.1 billion 780 million
sig. per billion events 13 51
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D° reconstruction at STAR in 2014

Good significance from low to high prt range
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Fvent Plane Method

Event plane v2

Au+Au 200GeV, 0-80%
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Two-particle Correlation

Correlation va
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Systematic Uncertainty

Event Plane Method:
- Background uncertainty: fitting range and side bands

- Two-particle Correlation Method:
- Yield fitting function
- Background uncertainty: like-sign and unlike-sign, side
bands

pt (GeV/c) 1.51 2.46 3.43 4.36 5.95
Event plane method |0.0017 |0.0131 |0.0077 | 0.0057 | 0.0343
Two-particle correlation | 0.0268 | 0.0098 | 0.0243 | 0.0629 | 0.1095

Systematic uncertainty for DO v in different pT bins
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Result

Transverse Momentum P, (GeV/c)

D v, is above zero for pr>2GeV/c (x?/n.d.f.=17.5/4)
B->D feed down is very small at RHIC energies (<5% relative contribution)

TAR *

WWND 2016

Non-flow contribution is
estimated using D*-hadron
correlation in p+p
collisions at 200GeV
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Discussion #1;
Compare With Light Flavor

§ - e D Au+Au @ 200 GeV, 0-80%

RIS ‘ f; - Plot vo/NCQ vs. (m7-mo)/NCQ

% | 0 Kg o +

£ m Hon oo

g gﬁ@@j‘i O #Eﬁ. 4

L0051 s . I o -

o) - An indication that v, of D" is

b= 8 .

g ; &g? STAR Preliminary smaller than light hadrons =>

= 7l I . 1 . . Charm is not fully thermalized
0 0.5 1 15 2 2.5

(m_- my) / NCQ (GeV/c?) with the medium.
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Discussion #2:
Compare With Models

Different models:

>" | o STARD®  Au+Au @ 200 GeV, 0-80%| - SUBATECH: pQCD + hard thermal loop
"é 0.2 _—: -SF’XRBAGTCE-SUZFK diff. - P. B. Gossiaux, J. Aich?lin, T. Gousset, and V. Guiho, S.trangeness in quark.matter
< [ TAMU no c-quark diff. 1 - TAMU: T-matrlx, ﬂon-perturbatlve model with
@ i Duke - D(21T)=7 . .
o; [ -~ PHSD . internal energy potential
8— 0.1l - M. He, R. J. Fries, and R. Rapp, Phys. Rev. C86, 014903 (2012)
£ . - Duke: free constant Dg, fit to LHC high pt Raa
§ : ........................ \N\\\ - S. Cao, G.-Y. Qin, and S. A. Bass, Phys. Rev. (88, 044907 (2013)

% S e - PHSD: Parton-Hadron-String Dynamics, a

0=y TAR Preliminary transport model
: ‘ ' . : ' : ' ' ‘ : : - H. Berrehrah, P. B. Gossiaux, J. Aichelin, W. Cassing, J. M. Torres-Rincon, and
0 1 2 3 4 5 6 7 E.Bratkouskaya, Phys. Rev. C90, 051901 (2014)

Transverse Momentum P, (GeV/c)

Charm quark exhibits finite collective behavior

compare with 2nTD; (spatial diffusion coefficient)
SUBATECH 2-4 28 /5
TAMU c quark diff. 2-7 21 /5
TAMU no ¢ quark diff. - 7.4 /5
DUKE 7 93 /5
PHSD 5-12 0.46 / 4
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Outlook

Run 14:
Results with full statistics available soon

System  Events(MB)
RUN 14

Run 15:
- Aluminum cables for inner layer of PXL Au+Au 128
- p+p (for Raa reference) and p+A (for CNM RUn 15

effect) data sets with HFT b+p 1B
Run 16. p+Au 0.6 B
- Aluminum cables for inner layer of PXL Future
- Factor 2 -3 improvement for D° Run 16

significance @ 1 GeV allows measuring Auvdu 5B

centrality dependence for vs

WWND 2016 21/25




summary

. Finite D° v, is measured within STAR using Heavy Flavor
Tracker

: 0
- Comparison between measured D~ v, and model
calculations suggests collective behavior of charm quarks

- Smaller D° v, (than light quarks) indicates that charm
quarks may not be fully thermalized

- Theoretical calculations with 2nTDg ~2-12 can reproduce
our D° Vo result.

~WSTAR * WWND 2016 22/25

E—— ——






Backups

- D9 Raa compare with models

- Side-band definition

- Topological cuts

- Models details



DY Raa Compare With Models

[ | [ | [
Au+Au — D’ @ 200 GeV 0-10%

|
2_ |
i T e D°2014 ]
i L o D°2010111
1.5 DUKE —
- T TAMU l
i —— SUBATECH
:E n |
o 1 SRRRREERN N
i p+p uncert. i
0.5/ -
I -~ _
i _\‘3”5“—\3
0 | STAR Preliminary | | | | ]
0 2 4 6 8
P, (GeV/c)
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Side-band

%200_— .
1000 + 3<p,<4GeV/c
i ¢
800 ly ++
#4474, ¢
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600 || ot e * *
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ST K BRI FREE F I I NI B YTy
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SE d

Side-band: (-90,-40) &(40,90)
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Topological cut

‘TAR ¥«

D% range (GeV) o |12 |23 |35 |G10)
Kaon pr > (GeV) 0.6 0.6 0.6 0.6 0.6
Pion pr > (GeV) 0.6 0.6 0.6 0.6 0.6
decay length > (cm) | 0.0145 | 0.0181 | 0.0212 | 0.0247 | 0.0259
DCA(K, ) < (em) 0.0084 | 0.0066 | 0.0057 | 0.0050 | 0.0060
DCA(K, PV) < (em) | 0.0103 | 0.0091 | 0.0095 | 0.0079 | 0.0058
DCA(r, PV) < (em) | 0.0110 | 0.0111 | 0.0086 | 0.0081 | 0.0062
DCA(V0, PV) < (em) | 0.0061 | 0.0049 | 0.0038 | 0.0038 | 0.0040
WWND 2016
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SUBATECH

7Au+Au ZOOGeV 080/ ‘l\l(‘)r;-f‘lo‘w‘e‘st‘ o
025 e D° B
pQCD+HTL calculation with latest SUBATECH
0.2 —]
EPOS3 initial conditions
0.15 =
L=(Laco+Luti)+ALute = f + + :
0.1 i
0.05; $ ;
Diffusion coefficient extracted from B i A b E
calculations 2nT x D ~ 2-4 | S T P
-0.08; 1 > 3 4 5 6 7
Transverse Momentum p_ (GeVlc)
Good agreement between model and o1 AutAu 20068V, 0-10% ]
experiment for both va and Raa in o % ® D aotont 1
. 1.4 SUBATECH -
entire pt range ( x*/n.d.f. = 2.8/5) L % % E
v I
0'8; A + , p+p uncert E
0.6+ “$§ E% —
0.4}, . h —
¢ -
Theory: arXiv:1506.03981 (2015) & private comm. 0'2:”“””“”‘“mm“m“?‘ N
STAR: PRL 113 (2014) 142301 7z 38 4 5 6 7 8
" Transverse Momentum P, (GeVl/c)
WWND 2016 28/25




TAMU

- Full T-matrix treatment, non-perturbative
model with internal energy potential

- Diffusion coefficient extracted from
calculation 2nT x D = 2-7

-Good agreement with D° meson v; at low pr,
data favors model including ¢ quark
diffusion in the medium
-(w/ c diff. x*/n.d.f. = 1.8/5)
(w/o c diff. x*/n.df. =7.4/5)

Theory: arXiv:1506.03981 (2015) & private comm.

STAR: PRL 113 (2014) 142301 o 1 2 3 4 5 6 7
Transverse Momentum P, (GeVl/c)
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e L
[ Au+Au 200GeV, 0-80%

[ Non-flow est.
025 e D°
[ —— TAMU w c diff.

0.2f — TAMU w/o c diff.

Transverse Momentum P, (GeV/c)
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O D°2010/11
e D°2014

Au+Au 200GeV, 0-10
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at high o1

DUKE Model

Input value for diffusion coefficient
2nT x D = 7 fixed to fit LHC
results

0.3 e o
. . o e . [ Au+Au 200GeV, 0-80%
Diffusion coefficient is a free oosf o D0 Non-flow est.
. L. F —— D’ DUKE
parameter, fixed by fitting to Raa 02}
0.15;
=" -
0.1F + %
0.05f $ ]
! 1 .../l .1 .| | ..
1 2 3 4 5 6 7

Model with 2nT x D = 7 doesn’t
describe the magnitude of vy in

experimental data

Theory: arXiv:1505.01413 & private comm.
STAR: PRL 113 (2014) 142301
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Transverse Momentum P, (GeV/c)

Au+Au 200GeV, 0-10%

e D°2014 =
o D°2010/11 :
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