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Introduction

e Bottomonia are good probes to study the QGP
M Produced mostly from initial hard scattering

4 Sensitive to in medium effects

(color screening, gluo-dissociation, recombination)
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History of Y measurement in HI with CMS

e Limited statistics 1n previous measurements
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https://twiki.cern.ch/twiki/bin/edit/Dx/doi/org/10/1007/JHEP05(2012)063?topicparent=CMSPublic.PhysicsResultsHINQuarkonia10006;nowysiwyg=1

Motivation

e Limited statistics in previous measurements
e No Y(3S) visible
e A nice opportunity to search for Y (3S) with 2018 PbPb data ( X 4.3 lumi.)
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The CMS detector

3fo” (13 TeV)
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The CMS 1s the perfect detector for
bottomonium measurement in HI collisions.
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FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

“*Wide prrange of muon( > O(100) GeV) - caomerrmeay

~76,000 scintillating PbWO, crystals

*Good momentum resolution

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels

“*Large cover of muon reconstruction

14 Jun, 2022 SQM 2022, Soohwan Lee 5



Analysis Method - Sample selection

e Signal enhancement with MVA selection(BDT) for PbPb data

» Signal(MC) and background (side band data) classification

.y H
- Pointing angle a,

- Dastance to closest approach (DCA),

- Vertex related information

Decay length
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Y (nS) signal extraction — [CVUSPASHINGIR07
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Y (nS) signal extraction
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ew result! Nuclear modification factor (R, ,)
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Y (3S) measured in all centrality region
“*Improved Y(25)!

“*Clear suppression
RAA(1S) > RyA(2S) > R, A (3S)
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ew result! Nuclear modification factor (R, ,)
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“*Improved Y(2S)!
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New result! Nuclear modification factor (R, )
PbPb 1.6 nb™, pp 300 pb™ (5.02 TeV)
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. . oPb 34.6 nb™', pp 28.0 pb™' (5.02 TeV)
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http://arxiv.org/abs/2202.11807

Double ratio of Y(3S) Z Y(2S)  cwms-pas-HIN-21-007
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cuseasENgi] R, , Comparison with theory (1)
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Coupled Boltzmann Equation
- D1ssociation & regeneration

- Large uncertainty from nPDF EPPS16

No regeneration included for Y (3S)

- Feed down contributions considered
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“*Predicts larger Y (3S5) suppression than data
“*Discrepancy at high py
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cuseasHNgi0l R, , Comparison with theory (2)

PbPb 1.6 nb™", pp 300 pb™ (5.02 TeV)
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“*Discrepancy of excited states in
mid-peripheral collisions

“*QOverestimates R, ,(35) vs pr
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aesEnemE R, , Comparison with theory (3)

-1 -1
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¢ Some mismatches between data and theories I
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PbPb 1.6 nb™", pp 300 pb™ (5.02 TeV) PbPb 1.6 nb™, pp 300 pb' (5.02 TeV)
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¢ Models over/under-estimate the excited states’ suppression ratio

|

14 Jun, 2022 SOQM 2022, Soohwan Lee 17



Conclusion & Take home Message """"
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Binding energy relation of suppression of quarkonia
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R pp, forward and backward
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R py, theory comparison
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