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https://arxiv.org/abs/2204.10171

N\

G Being Hot Matters

Many interesting heavy flavor behaviors driven by existence of QGP!

Energy loss Collective flow QQ sequeptlal Enhancement _of
suppression baryon production
Directed flow QQ Polarization

Jing Wang, Heavy Flavors in pp and AA, HADRON'23 (June 8, 2023)



@) Being Hot Really Matters?

However, many of them also observed in small systems

- QQ sequential Enhancement of
ERergy108s Collective flow suppression baryon production
Directed flow QQPolarization

Jing Wang, Heavy Flavors in pp and AA, HADRON'23 (June 8, 2023)
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B 13 TeV pp ® Prompt D° (CMS) lyl < 1 _
¢ (c—) u (ATLAS) Inl < 2.4 - * Do we fully understand what nuclear matter
. - environment we are looking at?
. {H§ .* ) q * Non-zero vz of charm hadrons in high-
- H.E Sl ¢ r { - multiplicity pp and pPb collisions
T[4 ¢ k - >~ (Maybe) Initial transverse momentum
H 1 R ) correlation in CGC framework
A L B T > (Maybe) Small QGP medium in small systems
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https://doi.org/10.1103/PhysRevLett.121.082301
https://doi.org/10.1016/j.physletb.2019.02.018
https://doi.org/10.1103/PhysRevLett.124.082301
https://doi.org/10.1016/j.physletb.2020.136036
https://boundino.github.io/hinHFplot/

How are hadrons produced

from heavy quarks with
medium existence?

Major uncertainty in
phenomenological models

of soft scatte rl‘ng.s)

- 0
it Rty
il ‘... "’.l

My A A

- -

Hadroniation
Cpol down while expansion




Thanks for your attention!
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@) Heavy Flavors in Heavy lon Collisions

N/ S

Large mass muq = Unique slow HP
* Mua ~ 1/T

>~ Produced early T
* MHa >» Nacp y

> |nitial production with pQCD even at low pr ,’

- Different length scale structure by varying pr {

\

* MHqQ » Taqap “

> Seldom produced in QGP ,I

~ Brownian motion at low pr {/
* MHQ > mq i

> Interact with QGP differently from light quark

Jing Wang, Heavy Flavors in pp and AA, HADRON'23 (June 8, 2023)
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E)) Flavor Dependence of Energy Loss

N/ S

1-4_" | ! ||||ll| I I lllllll

I Light © Light h* (CMS) lyl <1
1.2 - Charm @ Prompt D° (ALICE) lyl < 0.5
I ® Prompt D° (CMS) lyl < 1

» |Interplay of multiple effects

* (One is) Dead cone effect
>~ Radiation is suppressed inside 8 < m/E
>~ Energy loss AE| > AEc > AEb

- Beauty # (b—) i (ATLAS) Inl <2
1 (b—) J/y (ATLAS) Iyl < 2
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PLB 829 (2022) 137077 ERJC 78 (2018) /62
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https://doi.org/10.1007/JHEP04(2017)039
https://doi.org/10.1016/j.physletb.2022.137077
https://doi.org/10.1140/epjc/s10052-018-5950-6
https://doi.org/10.1140/epjc/s10052-018-6219-9
https://boundino.github.io/hinHFplot/

s Feed-Down Effect on Y(1S)
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L Nuclear PDF: D & B Mesons in pPb

JHEP 10 (2017) 090

®* nNNPDF3.0
o L B S S B .. ..
s [ 4=LHCb LLHCb ) ® LHCb measurement of prompt D production in pPb collisions
- i EPS09LO \/S%N =5TeV ] at STeV makes an impressive impact on reducing nPDF
.50  —EPSOONLQ  — pPb — uncertainty down to x ~ 107
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i B CGC i u Lead “*Pb @ ot
L4 nNNPDF3.0 (no LHCb D) L4r L4r
1ok nNNPDF3.0 19k 19k
gm‘" 1.0 /“;//Nﬁ 1.0 e — 1.0 e
0.8 - 0.8F B /\ 0.8F - “
0.6 0.6 '~, 0.6
|
1.2 oL 1.2 || L2 /\
. . %:‘H 1.0 /\\\ 1.0 B 10N ———— —
® Data included in EPPS21 and nNNPDF3.0 ngf\\/ 08_/*\/’/ » 08\_/
0.6r 0.6F \ 0.6r

T I I A e (SO T 1 T R D TV 1 R U T
T T T

11

Jing Wang, Heavy Flavors in pp and AA, HADRON'23 (June 8, 2023)
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cErn)) Nuclear PDF: D & B Mesons in pPb

N/ S

® Forward: ® Backward:
® Suppression consistent with 5TeV D result ® Data lower than nPDF at high p
® Consistent with nPDF and CGC ® Room for additional effects in the backward rapidity
arXiv:2205.03936
f‘ ’ —4— LHCD sy =8.16 TeV  EPPS16rwHF

| sk =8 LHCDb {5y =5.02 TeV [0 nCTEQI5rwHF

-3.0< y*< =25

10 0 5 10 0 5 10 O 5 10
P, [GeV/c] p.. [GeV/c] P, [GeV/c] P, [GeV/c]

12

Jing Wang, Heavy Flavors in pp and AA, HADRON'23 (June 8, 2023)
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cErn)) Nuclear PDF: D & B Mesons in pPb

N/ S

® Experimental proxies for x and Q2
® Forms a continuous trend over wide x coverage

® Lower than nPDF at large Xeyxp and large Qexp

arXiv:2205.03936
2 2 2
e ig 3.48< Q2 <7.48[GeV’] 748 < Q2 <19.48 [GeV’] 4 LHCb |5y = 8.16 TeV erp 2+ pT
14 —¢~ LHCb {5 =5.02 TeV
1.2 ~- ALICE sy = 5.02 TeV 0,
1E- o exp
08 EPPS16rwHF Xoxp = 2 e
04 [ JnCTEQ15rwHF \/SNN
< 13 67.48 < Q2 <103.48 [GeV?]
1.6
12
i3 —+
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0.6
0.4
0.2

10> 10* 10° 10° 107, 10° 10* 10° 10* 107, 107 10* 107 107 10"
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CE)) Azimuthal Anisotropy In pp and pA

N/ S

o277 7 1 02— 7717 T 7 1

CMS ® Prompt D° lyl < 1

015 PpPb 8.16TeV ® Prompt J/y 1.2 <lyl <2.4
i ® (b—)D%lyl <1

ppi13TeV  ® Prompt D° (CMS) lyl < 1
0.15 B (c—) u (ATLAS) Inl < 2.4

- ® Inclusive J/Y (ALICE) 2.5<lyl <4
® (b—) u (ATLAS) Inl < 2.4

MR
1o e 1

I E— e S T

0.05 -

o | _
-0.05 - High-multiplicity events T -0.05 - High-multiplicity events T —
| 1 | I 1 | | | | | 1 I | 1 | I 1 | | | 1 1 1 I 1 1 | I | | | I | T | I 1 1 1 I 1 |
0 2 4 6 8 10 0 2 4 6 8 10
pr (GeV/c) pr (GeV/c)

Jing Wang, Heavy Flavors in pp and AA, HADRON'23 (June 8, 2023)



CMS/| :
> Quark Gluon Plasma: Being Hot Matters W)

TemFera'lure

E()l"”' but (at most) once in a lifetime .

UTUVersE

LY
e

Color Superconductor

0 Net Baryon Number Dens’tg

Jing Wang, Newcomer'’s talk, CMG group meeting (May 12, 2023)
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Almond shape before expansion

Animation



https://www.dropbox.com/s/2vdx4i9y8qfn4eg/0015-0131_fps15.mp4?dl=0

N\

C\ERfW Collective Flow in QGP

N/ S

Existence of QGP =» Final-state
particle azimuthal anisotropy

d—No<1+2 Vv, COS _n(qb—‘l’n)_
= ) )

=> Elliptic vo # 0

Pressure gmdle nt

—> Time

PFQSSWE 0 (x iven QXPWFD'L =olenee 298 (2002 2179Animati©n

Jing Wang, Heavy Flavors in pp and AA, HADRON'23 (June 8, 2023)
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https://www.dropbox.com/s/2vdx4i9y8qfn4eg/0015-0131_fps15.mp4?dl=0
https://arxiv.org/abs/cond-mat/0212463

CMS, . :
o Initial Geometry Fluctuations CE\/RD/

T
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» Study event-by-event initial shape fluctuation via higher-order v, and multi-particle correlation

Jing Wang, Newcomer’s talk, CMG group meeting (May 12, 2023)


https://doi.org/10.1103/PhysRevLett.129.022001
https://doi.org/10.1016/j.physletb.2021.136253
https://doi.org/10.1016/j.physletb.2020.135595
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-008/
https://doi.org/10.1016/j.physletb.2020.135595
https://boundino.github.io/hinHFplot/

CMS, . . .
o Diffusion & Medium Response @)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.102001

S\A\S\ Heavy Quark Probe QGP Transport Property E)

Vi A

Woak I' Lattice QCD |
40 €ax coupiing " oDing etal 12" _ » Diffusion coefficient Ds directly related
M/\\ +Banerjee etal. 12' _ ith QG . . :
SO Kacamarek of al 14" with QGP properties, €.g-. viscosity
P OFrancis et al. 15' - » Ds extracted from data with
NTTIPTTITS . '=0.4 sBrambilla et al. 20' - :
.30 e L0 e o oyt — phenomenological model
Q oDing etal. 21~ >~ Compare to first principle calculation
I~ - Data agrees with strong coupling
(1\:,; 20 > Sensitive to long-range force and non-
perturbative structure of QGP
10
Extracted from data
Strong coupling
0
arxiv:2203.16352 T/T
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https://arxiv.org/abs/2203.16352

