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e Heavy ion collisions Semdi 8 ,,‘m'r_,
* Produce QGP "“ m” "”
e Sensitive to the initial state A L N
e Complex hydrodynamic-like behavior
e Jet quenching
8 ¢ Study hadronization and hadron structure
¥ e Small systems studies (pp, pPb data)

. QuaS| real photons for UPC studies
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CMS Coherent J/Y¥Y in UPC
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Two-way ambiguity of photon energy

e Cross section of UPC Coherent J/V¥

 Mixture of 2 initial photon energies at given y
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Probing gluon nPDF at low x

HIN

e ZDC used to separate initial photon energies

« Models cannot describe data across all Wf]\l?

e Evidence of gluon saturation or Black Disk Limit
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QGP Degrees of Freedom
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Net charge fluctuations in PbPb
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Speed of Sound in QGP

e QGP speed of sound can be extracted from measurements of <prt> vs Ncn

Idea proposed in PLB 809 (2020) 135749
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Speed of Sound in QGP

e Hydrodynamic models predict rising slope at large Ncn
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Speed of Sound in QGP

e Slope of data matches models closely!
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Speed of Sound in QGP

e Slope of data matches models closely!
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Speed of Sound in QGP

e Slope of data matches models closely!
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Constraining QCD Equation of State
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Hadronization and Heavy Flavor
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fo(980) Quark Content

e /,(980) structure unknown

e Diquark
e Tetraquark
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At/DP Ratio vs. pPb multlpI|C|ty
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e Comparison of charm and strange baryon-to-meson ratio
e Multiplicity-dependence not observed in charm sector
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At/D° Ratio in PbPb
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AT/DY Compilation
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AT heavily suppressed in all centralities studied

AT Raa vs. centrality
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B~ in 8.16 TeV pPb
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Multiplicity dependence of B™ in pPb
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B™ Raa compared to theory

e Updated Raa using 2017 and 2018 data CMS PAS HIN-21-014
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BT vs. lighter flavors

e Updated Raa using 2017 and 2018 data CMS PAS HIN-21-014
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What about B)?

CMS PAS HIN-21-014

e Updated measurement of BS consistent with models
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e Updated measurement of BS consistent with models

B meson Raa ordering

e Raa ordering of B > B> B - coalescence?

1.6
1.4
1.2
3
2
@ 0.8
0.6
0.4
0.2

0

CMS

Preliminary
I I

m [AMU

CUJET3.0
=im DREENA-A

B2, Cent. 0-90%
o 1.5<lyl<24
o lyl<24

Global uncertainty: = 3.2%

|
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

pp 5.02 TeV + PbPb 5.02 TeV

I:{AA

2.5

1.5

0.5

CMS PAS HIN-21-014
PRL 128 (2022) 252301

Tzu-An Sheng’s talk
Tues. 8:50, Ballroom D

CMS Preliminary pp 5.02 TeV + PbPb 5.02 TeV

i I I I I | I I I I ]

- | B;, Cent. 0-90% B, Cent. 0-90% - 7
- § o 1.5<lyl<24 ] &
u B+ O13<|y|<23 ® |y|<24 _ X
- ¢ °lyl <23 BY, Cent. 0-90% _

— ; o 1.5<lyl<24—

I § o lyl<24 |
L Op------- oo | j

B ; B'/B, global uncertainty: + 3.2% |

i B() : -
RN N . — : :

I <|> | | —
:B_l_ “ @ . :

i I I I I | I I I I |

10
p_ (GeV/c)

34


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
https://indico.cern.ch/event/1139644/contributions/5539863/
https://indico.cern.ch/event/1139644/contributions/5539863/

CMS Preliminary

v2 of Heavy Flavor in PbPb
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v2 of Heavy Flavor in PbPb
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v2 of Heavy Flavor in PbPb
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v2 of Heavy Flavor in PbPb
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Observation of Y (39)

* First observation of Y (39) in AA collisions
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5 vector quarkonia states
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Jet Quenching and Substructure




Dijet v2 In PbPDb

e Positive dijet v2 - jet yields correlated with initial elliptic geometry
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Dijet v3 4 In POPDb

e Positive dijet vz - jet yields correlated with initial elliptic geometry ¢
e Zero vs, V4 - Initial-state fluctuations less important for dijets
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Leading jet shapes in PbPb

e Selecting balanced vs unbalanced dijets changes jet shape distributions

CMS Supplementary JHEP 05 (2021) 116
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Subleading jet shapes in PbPb

e Selecting balanced vs unbalanced dijets changes jet shape distributions
e Interplay of selection effects, fluctuations, quenching
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Subleading jet shapes in PbPb

e Selecting balanced vs unbalanced dijets changes jet shape distributions
e Interplay of selection effects, fluctuations, quenching

CMS Supplementary JHEP 05 (2021) 116
PbPb 1.7 nb™" (5.02 TeV) pp 320 pb' (5.02 TeV)
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Color coherence

J. Casalderrey-Solana, Y. Mehtar-Tani, C. A. Salgado, K. Tywoniuk, arXiv:1210.7765

e Narrowed jet core seen in inclusive jet samples - coherence effects?

47



Survival bias in inclusive samples

A

Yield

Quenched @
narrow jet
\

narrow broad

&, Unquenched spectra

Quenched
broad jet

Measured jet p;

e Narrowed jet core seen In inclusive jet samples - coherence?

e Different jet shower patterns — survival bias of narrow jets at given pr
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y-jet groomed jet radius
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Yield
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Measured jet p;
e Narrowed jet core seen In inclusive jet samples - coherence?

e Different jet shower patterns — survival bias of narrow jets at given pr

e Reduce bias with a photon tag! 49
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Less blased y-jet Rqg
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More biased y-jet Rg

o — CMS PAS HIN-23-001
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pT > 100 GeV

¢ Xy, > 0.8 (less quenched jets)

e Narrowing effect seen
e Selection bias important for interpretation of

Inclusive jets samples and coherence!
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Collectivity in small systems
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Search for flow in individual jets

PbPb
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What if a QGP-like state is formed by a parton fragmenting to many particles?
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CMS Experiment at the LHC, CERN CM S P AS HIN-23-013 wy,

4 Data recorded: 2018-Aug-03 17:13:35.770304 GMT
! Run/Event/LS: 320809/ 369847775/ 233 .
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Rotated reference frame

V'

e |n rotated reference frame, calculate two particle correlation using jet constituents
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Two particle correlation

CMS Preliminary 138 fb™ (pp 13 TeV)
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In-jet v2 with respect to the jet axis

CMS Preliminary 138 fb™ (pp 13 TeV)
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e |n rotated reference frame, calculate two particle correlation using jet constituents

« V2 well described by MC for NZZQBO

» Upward trend seen for Ngzt>80

e Potential sign of collectivity In jets?
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Looking Towards LHC Run 3 & 4




5.36 TeV PbPDb Collisions!

CMS Experiment at the LHC, CERN ¢
Data recorded: 2022-Nov-18 16:09:13.771584 GMT \
Run / Event / LS: 362294 / 4769619 / 16
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Looking Forward: Run 3

Ready for large 5.36 TeV data sets!
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Run 4 upgrades
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e Examination of QGP degrees of freedom
e Studies on hadronization and heavy flavor

e Interplay of selection effects and quenching

Summary

Studies of initial state using UPCs

 Hint of collectivity In individual jets

e CMS’s first Run 3 HIl result
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Talks and Posters

Studies of heavy quark dynamics using B mesons with the CMS experiment

Measurements of charm quark production and hadronization at CMS

Elliptic anisotropy measurement of the f0(980) in pPb collisions and determination of its quark content by CMS

Revealing the medium-recoil effect with high-pT Z boson tagged underlying event distribution in PbPb collisions at CMS

Measurements of the jet axis decorrelation and the groomed jet radius with photon-jet events in PbPb and pp collisions

Particle production and collective flow measurements with CMS Run 3 PbPb data

Net-charge fluctuations and balance functions with the CMS experiment

Small-system properties as measured with jets and high-pT azimuthal anisotropy by the CMS experiment

Probing small-x nuclear gluonic structure via coherent charmonium photoproduction in UPCs at CMS

New opportunities for understanding high-density QCD matter with CMS Phase Il detector at the High-Luminosity LHC era

Resolving medium properties using high-pT jets with jet and in-jet correlations in PbPb collisions at 5.02 TeV with CMS

Search for long-range QCD collective phenomena inside high-multiplicity jets in pp collisions with the CMS experiment

Extracting the speed of sound in the strongly-interacting matter created in relativistic nuclear collisions with CMS

Measurements of prompt and nonprompt DO mesons production and collective flow with CMS at 5.02 TeV

Studies of the relative suppression of excited quarkonium states with CMS

Observation of the gamma gamma to tau tau production in PbPb collisions with the CMS experiment
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