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Open and Hidden Heavy Flavor
Production with RHIC-STAR
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Heavy Flavor: Penetrating probe of QGP

Initial Hard QGP and Hadronization Hadromc phase
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* Dominantly produced in the early stage
Experience the whole evolution of QGP

Tc TO GE

* Produced in hard scatterings
Calibrate probe calculable in pQCD

» Strongly interact with the hot, dense medium
Probes the properties of QGP
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Outline

* Open heavy flavor production
« D9 D* D™ production
* D, production

* A, production

* Hidden heavy flavor production
Please see

o ATYK: Very-low-p; JAp production in HHIC S3, 10/10, 14:30
« T K: Upsilon in Au+Au collisions at 200 GeV  S3, 10/10, 11:50

« # %%: JApin ptp collisions at 500/510 GeV S3,10/10, 11:30
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Open Heavy Flavor
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STAR Detector

TPC: tracking and dE/dx
TOF: time-of-flight
HFT: displaced vertex

Crucial for open heavy
flavor reconstruction

= 1 STAR, PRC99, 34908 (2019)
e, / ’ - AU+AU |5y = 200 GeV, 0-80%
PP t LN "p*p
e L 2 3 % K1 '..O%.'._ oK' 2
HFT: (2014-2016) = b e em R e |2
 PIXEL detector: r ~2.8 & 8 cm, | & a0k, °
MAPS, 20.7x20.7 um> T |
0.5% X0 (2014) 0.4% X0 (2016) , air-cooled | () DCA,, (b) DCA,
* Intermediate Silicon Tracker: r ~14 cm T -~ —
e Silicon Strip Detector: r ~22 cm ' ' ' :

Momentum p (GeV/c)
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DY signals in Au+Au w/o and w/ HFT

2010+2011
820M events
w/o HFT

2014
900M events
w/ HFT
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ct =123um

Significance improved
by >15 thanks to HFT
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Other open charm signals in Au+Au

Counts/(0.50 MeV/c?)
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DY cross section in Au+Au

200 GeV
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DY radial flow
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* Follows the same trends of multi-strange hadrons

* Deviates from the trends of light-flavor hadrons
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D! suppression
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* Suppression for all pr in 0-10% central collisions

* More suppression in central than in peripheral collisions

* Similar suppression as DO@LHC and t@RHIC
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DY/D®

Au+AU | S, = 200 GeV |y| < 1.0

15 More DY (Cu) than D (cu),
1 %@@m‘z@@ ..... E5$ ....... especially in central collisions
0.5 | _ —o
0010%  Fit:1.104+0.021 @ Centrality D /D°
oa‘ - 0-10% 1.104 £ 0.021
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05 _ 0 10-20% Fit:1.071+0.019 60-80% 0.943 + 0.039

Y7 20-40% Fit : 1.060 + 0.015 (b)

Possibly due to finite baryon density
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D*/D"
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* Consistent with the ratio (@ LHC Pb+Pb and PYTHIA
D*/D has similar suppression in heavy-ion collisions
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« D**/D consistent with the ratio @ LHC Pb+Pb and PYTHIA
« D**/D%show no centrality dependence, different from K*/K

No significant modification of D* spectral function in Au+Au
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* Significant enhancement compare to PYTHIA and ALICE p+p
* Similar enhancement between RHIC and LHC

Strangeness enhancement + coalescence hardonization
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* Significant enhancement compare to PYTHIA and ALICE pp/pPb

Transverse Momentum (GeV/c)

* Comparable to light-flavor baryon-to-meson ratios

Consistent with charm quark hadronization via coalescence

Zebo Tang (USTC)
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Centrality dependence
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* Increase from peripheral to central collisions
* Ratio for peripheral Au+Au comparable with LHC p+p
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Compare to recent model predictions

M.He, R. Rapp
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Charm quark cross section in Au+Au

Charm Hadron Cross Section do/dy (ub)
D’ 41+1+5
D 18+1+£3
AuAu 200 GeV D; 1515
(10-40%)
A 78 + 13 + 28*
Total 152+ 13 £ 29
pp 200 GeV Total 130 £30 £ 26

* derived usina A*/D’ratio in 10-80%
* Charm quark cross section per binary collision in Au+Au

consistent with p+p — Charm conservation

e Charm quark distribution among hadron species different between
Au+Au and p+p - Charm redistribution

Zebo Tang (USTC) CNPC2019, Oct. 10, 2019, Wuhan 18



Summary

* Charm quark lose energy in the hot, dense medium
D-mesons R, ,

e Charm quark diffusion in the hot, dense medium
D-mesons radial flow and
V,, V5 (not shown)

* Charm quark hadronization via quark coalescence
DDV ratio
A /DY ratio

Zebo Tang (USTC) CNPC2019, Oct. 10, 2019, Wuhan
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Quark gluon plasma (QGP)

Quark gluon plasma (QGP):
* Many-body system with
partonic degree of
freedom

¥ * Emergent properties

Temperature &

* The Universe was in this
form ~us after Big Bang

Net Baryon Density

» Lattice QCD predicts phase transition at high temperature/density

» It was proposed to search for and study the properties of QGP via
collisions of heavy 1ons at high energy
* Operating accelerators: RHIC@BNL, LHC@CERN...

Zebo Tang (USTC) CNPC2019, Oct. 10, 2019, Wuhan 21
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Electromagnetic field in heavy-ion collisions

Strong EM field accompanies the nuclei 4+
in relativistic heavy-ion collisions VY

\ |
| |
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I\ A <anmA L[]
:" | ' ‘;" Vil /
The Lorentz contracted EM field canbe [/ | A
| | NI |
expressed in terms of equivalent photon Y/
v

flux E. Fermi, Z. Phys. 29, 315 (1924)
(1l

* The quasi-real photons can 1nitiate YA or yy collisions 1n
relativistic heavy-ion collisions

Zebo Tang (USTC) CNPC2019, Oct. 10, 2019, Wuhan
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Clear J/p signals at very low p
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Very-low-p J/Ap enhancement at STAR
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Significant enhancement of JA yield at p<0.1 GeV/c in
(semi-)peripheral Au+Au and U+U collisions, R, , ~40

Confirm ALICE observation (PRL116, 222301 (2016))

Zebo Tang (USTC)

CNPC2019, Oct. 10, 2019, Wuhan
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Momentum transfer squared distribution

—
e
«
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— exponential fit

10 E
- e Au+Au

o U+U

B,., d°N/(dtdy) [(GeV/c)?]

-
o
&

----interference shape
centrality: 40 - 80%

0.04 0.06

0.08

“t=p2 [(GeV/c))]

First -t distribution of J/4p production at low p; in non-UPC

Slope = 177 + 22 (GeV/c)? consistent with expected from
coherent photoproduction for an Au nucleus (199 (GeV/c)?)

The drop at the lowest bin may be an indication of interference

v2/ndf = 4.8/4

Zebo Tang (USTC) CNPC2019, Oct. 10, 2019, Wuhan 26



Centrality dependence of yield

7060 50

40

30

centrality (%)
20 10

dN/dy

10"

=

0

| T

Au+Au 20

—
0 GeV

U+U 193 GeV
: [ ] Expectation of hadronic production

T

ALICE, PRL116, 222301 (2016)

- . -
P, < 0.1 GeV/c
10° 3

III

do/dy (ub)

413 12 11 10

T
(b)

—— T
ALICE25<y<4

10F

10° — Nucleus+Nucleus
----Nucleus+Spectator
. ---- Spectator+Nucleus 1k
10 E Spectator+Spectator E F
—I L L I Ll .l I Ldl L I | I L I Ll 1l I Ll 1l I LAl I— i N N N
0 50 100 150 200 250 300 350 0

W. Zha, ..

, ZBT* et. al, PRC97, 044910 (2018)

rrrreTT

. pT<0.3GeV/c"'.,~
R 3 o Pb+Pb2.76 TeV '«,
E s - Photon + Target
=== Nucleus+Nucleus
=== Nucleus+Spectator
Spectator+Nucleus

=1 = Spectator+Spectator
A

|

art
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* No significant centrality dependence for very-low-p; J/p
 Model calculations with all scenarios describe data at b~2R

* “Nucleus+Spectator” and “Spectator+Nucleus™ are favored

Zebo Tang (USTC)
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Coherent photoproducts in QGP

Charged TB
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Relativistic Heavy Ion Collider @ BNL
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Large Hadron Collider @ CERN

< 2.6, 5. 02 TeV for PbPb
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