Overview of Recent CMS Results

Slides mostly from Austin Baty, Jelena Mijuskovic, and Giulia Negro
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Introductlon

®* Heavy ion (lead-lead) collismns

® Produce a “quark-gluon plasma” (QGP)
Sensitive to the initial state
Complex hydrodynamic-like behavior
Energy loss
Study hadronization and hadron structure

& QGP formation also in proton-lead & proton-proton?

® Quasi-real photons for QED studies




Measurements of light-by-light scattering, the Breit—-\WWheeler process

CMS-FPAS-HIN-21-015
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e Atthe LHC - yy studied in proton-proton, proton-nucleus, and nucleus-nucleus UPCs
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vy luminosities associated with PbPb UPCs - enhanced e Photon-fusion processes with larger cross
compared with similar pp or e*e” interaction sections and well-known properties
=  chance to study light-by-light (LbL) scattering =  Study Breit=Wheeler (B-W) process
Elastic LbL scattering- pure quantum mechanical e “Standard candles” of the more elusive signals

process that proceeds at leading QED coupling a 3
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Measurements of the Breit—\Wheeler process

CMS-PAS-HIN-21-015
e The data collected in 2018 at a centre-of-mass energy per nucleon pair of 5.02 TeV, integrated T
luminosity of 1.647 nb™’ I
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Measurements of light-by-light scattering

CMS-PAS-HIN-21-015
e The data collected in 2018 at a centre-of-mass energy per nucleon pair of 5.02 TeV, integrated T
luminosity of 1.647 nb™" s
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=  agreement between both predictions and the
unfolded data within experimental uncertainties



Observation of yy—= 1T

CMS Experiment at the LHC, CERN
Data recorded: 2015-Dec-06 21:41:27.033612 GMT
Run / Event/ LS: 263400 / 88515785 / 849
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Tau g-2

CMS Experiment at the LHC. CERN

See Matthew
DELPHI, ee—e(yy—tr)e Michael’s talk!

68% CL, Eur. Phys. J. C 35 (2004) 159
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Probing gluon nPDF at low X

* Models cannot describe data across all WPP HIN-22-022 Published in PRL

- - "
* Evidence of gluon saturation? =uis (2%

CMS PbPb 1.52 nb™ (5.02 TeV)
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QGP Degrees of Freedom




Net charge fluctuations in PbPDb

(NL(N, - 1))  (N_(N_- 1)) (N,N_) CMS Preliminary PbPb 0.607 nb' (5.02 TeV)
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Speed of Sound in QGP

®* QGP speed of sound can be extracted from measurements of <pt> vsS Nch

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

HIN-23-003 Accepted by ROPP

®* Hydrodynamic models predict rising slope at large Nch
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Speed of Sound in QGP

HIN-23-003 Accepted by ROPP

®* Slope of data matches models closely!
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Speed of Sound in QGP

HIN-23-003 Accepted by ROPP

®* Slope of data matches models closely!
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Constraining QCD Equation of State

® Slope of d

PbPb (0.607 nb") 5.02 TeV

0.15 Lattice Quantum Chromodynamics -
I Trajectum Hydrodynamic Simulation _
I Nat. Phys. 16 (2020) 615 ]

0.1 ' —_—

non-interacting limit

Most precise experimental
validation of QGP degrees
of freedom to date

® CMS Ultra-Central Data

Fit slope
to get Cs2
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Hadronization and Heavy Flavor

16



V2 of fo(980) N pr

* v, of f5(980) measured in pPb

® Inner structure unknown

®* Diquark offline
PPb, {Syy = 8.16 TeV (185 < Ngy " < 250)
®* Tetraquark 0.3r - Yo :
I 0
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Constituent Scallng of v2

* v, of f5(980) measured in pPb

® Inner structure unknown
®* Diquark
®* Tetraquark
®* K-K molecule

pPb, Sy = 8.16 TeV (185 < Ng'" < 250)
| | | | | | | |

— fit

®* Use constituent quark scaling >
to extract number of quarks o
nAN
>

VZ(ET)/nq: VZ,q(ET /nq)
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fo(980) Quark Content

* v, of f5(980) measured in pPb

® Inner structure unknown
®* Diquark
®* Tetraquark

pPb, \/sN =8.16 TeV (185 < NS < 250)
| | |

- CMS - , f (980) :
®* K-K molecule - oKy aA @ Ng=2 hypothesis _
| p_— - It . . |
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® Use constituent quark scaling >
to extract number of quarks o
NN
>

VZ(ET)/nq: VZ,q(ET /nq)

A
o
R
i 0
:'12
i [y

i i)
L HVZ
] | | 1 | | | |

2
E+/n, (GeV)

o

CMS HIN-20-002 Submitted to Nat Commun 19




fo(980) Quark Content

* v, of f5(980) measured in pPb

® Inner structure unknown

.
Diquark ’l:b Sy = 8.16 TeV (185 < Nyy™ < 250)
| | ! |

®* Tetraquark I f (980) -
0 |
* K-K molecule i __ ¢ ® ng=2hypothesis -
01— nq:4 hypothesis 7
® Use constituent quark scaling =& | -
to extract number of quarks o i ]
V2(ET)/ Ng= VZ,q(ET / nq) ﬁ = :
® ng=4excluded at 23.1 ();‘Z‘ﬂ } _
. | —

0 2 4
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fo(980) Quark Content

* v, of f5(980) measured in pPb

® Inner structure unknown
®* Diquark
®* Tetraquark

PPb, {Syy = 8.16 TV (185 < Ngy ° < 250)
| | | | | | | |

- CMS -

* K-K molecule - oK? aA e |n_=2 hypothesis -

0.1- = 0Q =4 hypothesis -

® Use constituent quark scaling = I ]

to extract number of quarks o I ]

2N 0.051 —

VZ(ET)/nq: VZ,q(ET /nq) 5 :

® ng =4 excluded at 23.1 ();‘Z‘ﬂ } -

* ng =2 favored E— —
CMS HIN-20-002 Submitted to Nat Commun ET/nq (Gev) 21




* /DY Ratio vs. pPb multiplicity

CMS Preliminary pPb 97.8 nb’ (8.16 TeV)
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® Comparison of charm and strange baryon-to-meson ratio
®* Multiplicity-dependence not observed In charm sector

CMS PAS HIN-21-016
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*/DY Compilation

CMS Preliminary pPb 97.8 nb™' (8.16 TeV)
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Observation of Y(3S)

HIN-21-007 Submitted to PRL

® First observation of Y(3S) in AA collisions

x10° PbPb 1.61 nb" (5.02 TeV)
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Events / (75 MeV/c?)
N - @) o0 5

-

5 vector quarkonia states

HIN-21-007 Submitted to PRL

x10;

® First observation of Y(3S) in AA collisions
® Stronger suppression at low binding energies
PbPb 1.61 nb™ (5.02 TeV)
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Jet Quenching and Substructure
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Dijet v2 In PbPDb

®* Positive dijet v2 - Jet yields correlated with initial elliptic geometry
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—0.02

—0.04

® | Dijet v,

¥ CMS charged hadron v,

p. >20 GeV, In| <1

Factorization region:
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How many particles can QGP separate at once?

e Simple picture so far: there Is a scale that separates two configurations

28



Interpretation not that simple as initially thought

CMS HIN-23-001 Submitted to PLB
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Collectivity In small systems
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Systems smaller than pp?

PbPb oPb High-multiplicity pp Lo T oty s

PLB 724 (2013) 213

fili
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Search for flow In individual jets

PLB 724 (2013) 213

PbPb oPb High-multiplicity pp Lo T oty s
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What if a QGP-like state Is formed by a parton fragmenting to many particles?32



Rotated reference frame

NV ™\ <

® |n rotated reference frame, calculate two particle correlation using jet constituents
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d2Npair

Two particle correlation

CMS Preliminary 138 fb™ (pp 13 TeV)

<N, >=101 Anti k;R=0.8

Top 0.0023% highest-N_jets PP > 550 <yl
“ oy
3 ST ,‘V

1

03< jT <3.0 GeV

In rotated reference frame, calculate two particle correlation using jet constituents
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e V2well described by MC for Njceht<80

e Upward trend seen for NJ;:eht>80

In-jet v2 with respect to the jet axis

CMS Preliminary
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138 fb™ (pp 13 TeV)

CMS Preliminary

138 fb™ (pp 13 TeV)

03 - t‘ll-.o’.0 03 < 'IT < 30 Gev
= ) .'0,.‘. A'ntti kT R=0.8
i, @, p° > 550 GeV
0ol 58 M <1.6
///,,’:’/”
Ba *
—e— DATA "o
0.1— . PYTHIA8 CP5
------- SHERPA
0O 20 40 60 80
J
Nch

In rotated reference frame, calculate two particle correlation using jet constituents

e Potential sign of collectivity in jets?

CMS HIN-23-013 Submitted to PRL
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Looking Towards LHC Run 3 & 4
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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 A




First CMS HI Run 3 result - dN,/dn

o H5.36 TeV data from 2022 test run

e Challenging for MC generators to predict

both magnitude and shape of dN, /dn

CMS PAS HIN-23-007

MC / data
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1000
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———

Cent. 0 - 80%
=« Data
---AMPT (no melting)
----AMPT (string melting)
— HYDJET
------- EPOS LHC

Normalized ton=0
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e ,/SyN dependence consistent with power

First CMS Run 3 result - dN.,/dn

5.36 TeV data from 2022 test run

Challenging for MC generators to predict

both magnitude and shape of dN, /dn

law calculated using lower energies

CMS PAS HIN-23-007
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= e av I O n 2023 (PbPb 5.36 TeV/nucleon)
I I 'CMS BN LHC delivered: 1979.69 b~ -

[ CMS recorded: 1822.71 pb™

:

:

e ~5 weeks of PbPb data-taking @5.36 TeV in 2023
e ~1.98 nb-1 delivered by LHC (1.8 nb-1in 2018)
e ~1.82 nb-' recorded by CMS (1.7 nb-'in 1018)
e efficiency by luminosity: ~91%

—
3
o

Total integrated luminosity (ub™)
=)
8

3
=

e Smooth operation of the CMS detector

0
e Collected nearly all hadronic statistic HFHIR O 0% g 0% O 0% Re O 05 05 05 55 0
e ~17 billion Minimum Bias (MB) events Date (UTC)

e Also collected ~10 billion Ultra Peripheral Collisions (UPC) events

LU ‘.i;i‘.',.', ..

................................................................

Rady for large 5.36 TeV data sets! 40




Run 4 upgrades

Top shieldi
BRANslot  © oo

e Adding PID and pileup rejection with MIP Timing Detector
e Research on rad-hard ZDCs for HL-LHC

\ Absorber

CMS Phase-2 Simulation PbPb (5.5 TeV) CMS pPb 8.16 TeV
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