CMS Experiment at the LHC, CERN
',.. | Data recorded: 2024-Nov-06 10:55:06.459264 GMT
/"‘ Run/Event/LS: 387854 / 23097014 / 33

Analysis progress

Heavy flavor measurement in nuclear collision in
CMS

Soohwan Lee (Korea U.)

Center for Extreme Nuclear Matter Workshop, Jan 2025 . 1



CMS .
Introduction

* Using heavy flavor (HF) quark is useful to understand both hot and cold
QCD effects in heavy-ion collisions

* Produced in initial hard scattering (~1 fm), HF's are able to encode
information of evolution of QGP via strong interaction

e Heavy mass Q, in low pt— good candidate to test NRQCD

Energy Stopping Hydrodynamic N ;".':‘;'.‘ ~k' ' 5
Hard Collisions Evolution Hadron Freezeout

Initial state
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Quarkonia to probe the QGP T 1)
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Hot and cold effects in action in
heavy-ion collisions
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Perturbative Vacuum

« Cold nuclear matter effects —

NnPDF, nuclear absorption,
Cronin effect, MPI

Phys. Rev. C 99, 034905 (2019)
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Statistical effect strong for charmonia
Recent findings[1,2] favor (correlated)

No,—?

recombination also for bb

« Description constructed in open quantum system framework
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—~| The suppression of Quarkonia
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Observation of the Y(3S) meson

Phys. Rev. Lett. 133 (2024) 022302
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Sequential melting of Quarkonia

Phys. Rev. Lett. 133 (2024) 022302
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« Binding energy hierarchy of the suppression pattern in all (N,,,,,) region (left)

* Y(3S) suppression more heavily compared to Y(2S) (right)
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Phys. Rev. Lett. 133 (2024) 022302
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 Models can qualitatively describe data, but

e Not 100% clear, all comovers (pink),
cannot describe without recombination (blue)?
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| Recombination of bottomonia
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* Where still more precise data can provide information about the
recombination scenario
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What model-data comparison tells you
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https://arxiv.org/pdf/2501.08290
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How are heavy quarks created?
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QQ production and correlation
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Figure 1: Different possibilities to create heavy flavor: (a) flavor excitation (space-like cascade (SLC)), (b) flavor creation
(Born process), (c) gluon splitting (time-like cascade (TLC)).
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e |mportant to understand prompt cc creation in nuclear collisions!
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QQ production and correlation
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D-D correlation in nuclear collision
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* Analyzing pPb data helps understand heavy quark correlation, from cold QCD

e Also developing analysis strategy for PoPb
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Signal extraction method

e Fully reconstructed DO — K + 7 (c.c.)
using charged tracks

Yield

 Ensure prompt contribution with decay geometry cut
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* Need to consider swap' contribution in vertex reconstruction
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Data Modeling

e Consider several signal related components, fixed parameters like peak vs. swap
ratio with MC
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Plans for Run 3

e Precision era arrives for HIN as well in run3
 EXxpected ~3-4x larger lumi combined run3 compared to run2

* Reconstruction and trigger efficiency gain also improved in tens of percents!

e Full precision analysis to be done after 2026

B Run 2 (2018)
. Run 3 (2023)
I R un 3 (2024)
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Plans for Future

HIN-20-002, PRL 128 (2022) 252301
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] n X
l%:;rﬂlsyq.;)ﬁ x X

_I+II|IAI*II|*III*I|II*IIﬂIIII+IIII|IIII|IIII|IIII|IIII
Q510 15 20 25 30 35 40 45 50

P, [GeV]

— C M S 2015, centrality 0-100%
. . B X 18«<ly|<24
e Many questions to be revisited! - Supplementaryprompt IV <24
- y(2S) % |yl<16
 Expected ~3-4x larger lumi combined run3 - o
compared to run2 < [ L 2017-18, centralty 0-60%
m<):1_5—_ ‘ - B;'. ® 13<l|y<23
* Full precision analysis to be done after 2026 B pene e e
1_*xmum]
Heavy quark hadronization/coalescence 5 = ' — X

Exotic HF structure
and hadronization mechanism

\

Y too heavy to flow?

\

.
0.5 __ PbPb 1.7nb"(5.02 TeV) 02.CMS___ PbPb1.7nb"(502TeV) 1.8 LT (R .. and many more
- p'>35GeVic CMS 1| . [ *>35GeVic -~ Hong, Lee (10-90%) | 16k CMS
oAl vl <24 T ] <24 — Yao (10-90%) ] Cp Promet PbPb (5.02 TeV)
Ar ' T 7] 0.15- J Du, Rapp (20-40%) g8 r u Dz Te
[ P! < 50 GeVic er(is) ] - Cent. 10-90% Bhaduri et al. (10-90%) s E 1.4 Iyl < 1.6, 0-90%
L Y (2S T 4 - S r
0.051 41 (2S) T E i 5 Reygers et al. x10 ] T R12F
i T 1 01 (10-20, 40-50, 60-70%) ] 8 F -
L ¢| T ] a B _ B b g N 1_
C @ Al i ] X = T
of---. .l T 9211 Sw =2 ~d
T > 0.05% y } b | 0.8 B pp (7 TeV)
i : L - i o r |Y| <12 (CMS) i 1.7nb“(PbF‘b5.02TeVl
_005__ -+ | : l % 06:_ - pp (8 TeV) &QZOOE—CMS Inclusive X(3872) —23
_01_ I ] : 0.2:_ g 505—15<p <50 GeV/c Ox(asr2) =47 MeV/c® 5*2
o ~ L W F y<16  Cent 0-90% 3
i T ] 0,0 e e 50 ) ol N N I BT R S :
— N §_ -enriched (Ixy > 0.1 mm, ¢data E
0.15 1030 30-50 50-90 10-90 r1s) o/ 10 20 30 40 50 60 70 2 Z(s):b hed (lxy > 0.1 mm) o X
Centrality (%) P, (GeVic) p. (GeVic) e F
; 15 31
HIN-19-005, PRL 128 (2022) 032001 £ _ R
HIN-19-002, PLB 819 (2021) 136385 wosp MY Th W TR R
3.65 3.7 3.3{":]3 3(8Ge\?/2§) 39 395 4

yrn

Soohwan Lee

CENuM workshop, Jan 2025 18



http://dx.doi.org/10.1016/j.physletb.2021.136385
http://dx.doi.org/10.1103/PhysRevLett.128.032001
http://dx.doi.org/10.1103/PhysRevLett.128.252301

Thank you!
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