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Introduction: Open Charm Transport in URHICs
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e initial cond.
« c-quark diffusion

in QGP liquid * c-quark

hadronization ° D-meson diffusion

In hadron liquid

* Produced predominantly in initial hard-scatterings
* Experience the whole evolution of the system

» sensitive probe to the QGP because of their large masses
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Introduction: The STAR Experiment
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Introduction: Charm Hadron Measurement

1) D° R,, measurement at STAR 2) A\, measurement at STAR
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Introduction: Charm Hadron Measurement

3) D, measurement at STAR

" @ Au+Au, 0-10%
O Au+Au, 10-20%

0-10%:
----- Tsinghua (seq. coal.)

PYTHIAp+tp o Catania (coal.)
—— Catania (coal.+frag.)
— - Cao,Ko

| -- He,Rapp, 0-20%

4) D* and D°
Particle | Quark [ Rest mass Decay Proper decay
symbol | content | (MeV/c?) channel length (um)
DO cu 1864.84 K-t ~120
+0.17 3.89%
D* od 1869.62 K- et et ~312
+0.20 8.98%

(5= 200 GeV (@) Charm quark fragmentation

B L L f(c—>D). D°~0.55,D*~0.23
08 | ® AutAu, ---- Tsinghua (seq. coal.), 20-40% (D. E. Groom et al. Eur. Phys. J. C 15 (2000))

-~ | OAU*AU, — - Tsinghua (seq. coal.), 40-80%

0o I PYTHIA p+p -

< 06} - D* is important to :

=l [ 2 @ * Constrain total charm cross section
+ . - = ) . .
[N R —— I * Offer complementary information

T (b) to study charm quark dynamics in
T 2 3 4 5 6 7 QGP

Transverse Momentum P; (GeVic)
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D* Reconstruction Method

* STAR Run14&16 @200GeV Au+Au

~ 900 (1200) million minbias events in runl4 (16)
 D* Decay channel : D —> ¢ ¢ K¥ (~ 8.98%)
* PID in TPC and TOF:

Au+AU {5y = 200 GeV F 18 B
TPC PID

DCA to PV

T

Decay length | DCA daughters max

£ 10°
X 2 .
3 10 Primary Vertex

Au+Au s =200 GeV |
TOF PID: p= 1 10

Topological Cut variables:

Decay length, DCA to PV,
DCA daughters max

(max DCA between two daughters)
10 K DCA, 11 DCA, 2 DCA

10°

| 10°

- STAl\R Prelimina‘ry - RHIC Ygar 2014
~0 0.5 1 1.5 2 25 3
[Momentum| (GeV/c)
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D* Cuts Optimization: TMVA

Input variable: kDca
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Toolkit for Multivariate Data Analysis with ROOT
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Input variable distributions and Cut efficiencies for centrality 10-40% pt 2.0-3.0 GeV/c
Background sample : wrong-sign i mt K combination from real data
Signal sample: EventGen generator (D* decay) & data-driven fast simulation (detector response)

Cuts are tuned in 5 p; bins X 3 centrality bins
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U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

Input variable: p2Dca
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Counts per 10 MeV/c?

D* Invariant Mass spectra
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Counts per 10 MeV/c?
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Cut Variables distribution
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D* p;spectra

d*N 1 ANTaw 1
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Results: D¥/DP Yield Ratio

STAR e DD
08 Au+Au \/SN%T’/zOO GeV' 5 D¥/D° ALICE PbPb 5.02 TeV

0.2 “ = D*/DOyield ratio vs. p; is consistent
0 .................................... |
i - with PYTHIA (p+p @200GeV) and
0.8 10-40%
Z oer. ALICE PbPb results @5.02 TeV
504"
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p. (GeV/c) ALICE Collaboration, JHEP 1810 (2018) 174



(D*+D)/(D°+D°)

Results: D*/DP Yield Ratio

D*/D? yield ratio as a function of N

oart COMpared to other collision systems

= Reasonable agreement of different experiments
Only STAR and ALICE cover p; from 0 GeV/c

= ZEUS: p; > 3.5 GeV/c, H1: p; > 2.5 GeV/c
Generally different n coverage

= STAR: |n| <1, ZEUS: |n| <1.6,H1: [n]| < 1.5, ALICE: |n| < 0.5
1

- STAR preliminary = No modification of the relative
0.8— Experiment everage
- abundances of D* and D° species
0.6—
T +++ observed in different collision
- T T system and energy
0.2_—
- STAR HERA, (e+e-, yp, DIS): JHEP 1309 (2013) 058
0 IS of o s ALICE, (pp 5.02 TeV): Eur.Phys.J. C79 (2019) no.5, 388
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Results: D* Ry,

STAR
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D mesons suppressed at high p;

= Level of suppression increases towards more central Au+Au
collisions

= Interactions of c-quarks with the QGP

Suppression of low p; D mesons

= |ndependent of centrality

= Possibly due to coalescence hadronization of c-quarks
* Supported by measurements of Ds and Ac

* Re-distribution of charm among open charm hadron species

Good agreement of D°, D* and ALICE

ALICE Collaboration, JHEP 1810 (2018) 174 13



Results: Charm Hadron Production Cross-section

Charm Hardon Cross-section Z—;lyzo (ub)
STAR preliminary (per nucleon-nucleon collision)
DO 39.0 £ 0.6 (stat.) + 1.1 (sys.)
D+ 20.7 £ 1.2 (stat.) + 3.8 (sys.)
AuAu 200 GeV
Dt 15.4 + 1.7 (stat.) + 3.6(sys.)
10-40% p;0-8 Gev/c
( °Pr /c) At 36.4 + 5.3 (stat.) £ 22.3 (sys.) *
Total 112.4 + 5.7 (stat.) £ 22.9 (sys.) *
P+P 200 GeV Total: 130+ 30 % 26

. : . * AL results are using 10-80% centrality
First measurement of open-charm hadron cross section per nucleon pair in

Au+Au collision for major open-charm hadron ground states
= All cross sections calculated in 0 < pT < 8 GeV/c

Agreement with total charm cross section measured in p+p at 200 GeV
» Charm quark production follows the number-of-binary collisions scaling in heavy-ion collisions
» Charm quark production predominantly in hard partonic scattering

* 8% uncertainty on o, and N ;50 are
not included
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Efficiency Correction Procedures

d?N 1 AN 1

raw

2nprdprdy ~ 2-B.R. Neyt * 210 - prAprAY E1pc * Epip * EnpT * ETopo

Eff:TPC+HFT+PID+Topo_0_10
W0 * ANr,, : reconstructed particle counts in each p; and

centrality bin

* &rpc: TPC acceptance and tracking efficiency
(calculated by data embedding)

* Eypr * Etopo: HFT acceptance and tracking plus

10‘2§

10_3§

: Ao topological cut efficiency (calculated by data-driven
1ol ~ Topo.cut fast simulation)

: o * &pp: particle identification efficiency (calculated by K

T e T n sample from data)
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Sys. err.

Systematic Error
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Total

Raw yield

TMVA cuts &
p. cut

TLC tracking

PID

Branching ratio
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