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Introduction

Jhw, w(2S)

« Quarkonia : Golden probes in heavy ion collisions

« Produced via hard scattering : experience whole medium evolution

e Various in-medium effects inside QGP

» Debye screening + Dissociation

« Recombination

« Azimuthal anisotropy (Flow)

» Collectivity (low-pr), path-length E. loss (high pr)

» Sensitive to initial collision geometry
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Motivation
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« J/y flow

« Wide pt coverage with CMS

. Contribution from b hadron decays (b = J/y)

J/y v2> 0 Y(15) var O

—> Need to reveal 1) prompt vs b hadron decay J/y 2) pr dependence
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Motivation
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« w(2S) flow

« Not been measured yet in any collision system

e Different amount of recombination for excited state?
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Prompt and b hadron decay Charmonia

J/y . 2D fit on mass & decay length 0 w(2S) : Cut on decay length
I
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vn extraction : Scalar product method

pp(+m)
Tracker
-5<n<-3 -0.75 0 0.75 3<n<5
< 040 > < Qpliic >
QnA( ) QnC QnB( ) A<BQ " >B c
nA=nC

Scalar product method using Q-vectors
Qn : Dimuon flow vector
Qna (Qna) : Event plane vector for the opposite (same) side HF

Qnc : Event plane vector in the tracker for || < 0.75
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v extraction for J/y

vn profiling method
- no description needed for v,y background

Prompt J/y yield
from 2D fit in each bin
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v extraction for prompt w(2S)
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« Prompt enriched sample by decay length cut

e Mass and v, simultaneous fit
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Result J/y v
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« b =>J/w < promptJ/yv:
0 10 20 30 40 50 0 50 100 150 200 250 300 350 400 . .
P, (GeVic) Noar> . different dynamics for c and b quark
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Result J/y v
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Prompt J/y

b > J/y
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. different dynamics for c and b quark

. First separation of vz for prompt J/ywand b =>J/y
 No significant non-zero vs
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Reminder : J/y in jets
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% 5 CMS Phys. Rev. Lett. 119, 032002 (2017)
Z i Promptd/\lf - e ERREEREEEREEREEREREEEERROERERREERE R ERRR
— i pT,J/W>6.5 GeV — . e e \/gz 3y
[ 30 <p, <40 GeV o 0 o =
- l<2 | X : — LHCb | -
- —=— Prompt data 2 5 = E
3l Prompt PYTHIA8 & S 015 -
) Nonprompt PYTHIA8 N = s :
- | ~ Uloe =
ol o i 5
- : . o 005  ---.GFIP ----FJF
i i C_I_E 0.00:||||||||||||||||||||||||||||||||||||||
| = = N 0.2 0.4 0.6 0.8
O I 1 1 1 III | L 11 1 | L 11 1 | I | | L 11 1 | I .| | I |
03 04 05 06 07 08 0.9 1

pr. J/w =z X pr, Jet Z
. Prompt J/y much more produced in jets than predicted by PYTHIA
» Suggested to be produced at later stages by parton shower
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Reminder : J/y in jets

pp 302 pb! (5.02 TeV) PbPb 1.6 nb™, pp 302 pb™ (5.02 TeV)
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. Prompt J/y much more produced in jets than predicted by PYTHIA
» Suggested to be produced at later stages by parton shower

. Less suppression for isolated J/y compared to J/y produced in jets

. Importance of jet quenching for Prompt J/y suppression at high-pr
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Jhyvy < J/yin jets

PbPb 1.6 nb™", pp 302 pb™ (5.02 TeV)
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Comparisons for v;
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« Low pr: light > charm > beauty (mass ordering)
- High pt: converge for all hadron species
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Comparisons for vs

*

| Gyeonghwan Bak

PbPb 1.6 nb™ (5.02 TeV)
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Y Ml <2, Cent. 10-20% _
ALICE Inclusive J/y
Y + |y| <1, Cent. 10-30%

(5 S I —

—0.05

0 5 10 15 20 25 30 35 40 45 50
P (GeV/c)

. Low pr: Prompt D% v3 > Prompt J/y / Inclusive J/ys v3

CMS-PAS-HIN-21-008
PLB 816 (2021) 136253
JHEP 10 (2020) 141
PLB 807 (2020) 135595

- Open charm is more sensitive to initial geometry than hidden charm
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Result y(2S) vn

CMS-PAS-HIN-21-008 PbPb 1.6 nb (5.02 TeV)
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Result w(2S) vavs J/y vs

PbPb 1.6 nb™ (5.02 TeV)

HEEE | L | T | T T | T | T | T | T | L -
05:_ Scalar Product CMS Preliminary _: 2
- Cent. 10-60 % 19
0'4—_ Prompt J/p Nonprompt J/iy Prompt xp(2S)_— g
_ O 16<lyl<24 O 16<lyl<24 [ 1.6<lyl<2.4 U|7
0.3 ¢ lyl<24 ¢ lyl<2.4 myl<24 | =L
B 1 £
- L | Prompt y(25) 10
0.21- = 7
B 1 O
B [] [] 4 O
0.1 PromptlJ/y |

T @f@: ] i

ob s S * _________ -

- :+:' b - J/y ]

-0.1- —

1 111 | L1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1 | I

0 5 10 15 20 25 30 35 40 45 50
p_ (GeV/c)

» Y(2S) v2 2 Prompt J/y v

- Larger recombi
—> Need to be

¥ Gyeonghwan Bak

nation effect? Path-
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PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)

revealed with precisio
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Summary

CMS-PAS-HIN-21-008 PbPb 1.6 nb™ (5.02 TeV)
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Thank you for your attention!
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CMS 2.76 TeV vs 5.02 TeV
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.- Promptand b = J/yat 2.76 vs 5.02 TeV
- High-precision with larger samples (x10)

¥ |Gyeonghwan Bak 20 SQM 2022 @%




Comparison vz with ATLAS, ALICE

0.14 CMS Preliminary —

B Prompt J/y ATLAS prompt J/y _

0.12- Cent. 10-60%  # |y| <2, Cent. 0-60% -

_ % O 1.6 <|y| <2.4 ALICE Inclusive J/y i

0.1 N o |y <2.4 + 25<|y| <4, Cent. 10-30%]

| o |

N 008 :_EQ T %—& -

7 006 | Ttlealore :

0.04[# - T -

0.02_;E t -

O - o -

_ _l L1 1 I I 11 1 | L1 11 | | 11 1 | L 111 | Il 11 1 | I 11 1 | 1 11 1 | I 11 1 | L1 1 |—
0'020 5 10 15 20 25 30 35 40 45 50

CMS-PAS-HIN-21-008
EPJC 78 (2018) 784
JHEP 10 (2020) 141

PbPb 1.6 nb™ (5.02 TeV)

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

P_ (GeV/c)

. Flow of inclusive and prompt J/y
- Flat to high pr
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» Flow of b quark
- Compatible within uncertainty
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JIyin jets

Phys. Rev. Lett. 119, 032002 (2017)
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CMS-PAS-HIN-21-008 PbPb 1.6 nb™ (5.02 TeV
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« v3 Of b hadrons are consistent
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