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> Snapshot of the CMS HI program

Run 1 Run 2 Long Shutdown 2 Run 3 LS 3 Run 4 LS 4
T 5.36 TeV
_ PbPb (6 nb-) CMS Phase-2 PHPb (7 nb-) Phase-3
(2.2 F?kl? ) 5.02 TeV upgrades upgrades
P 0/00 pilot run Pb (0.5 pb-1 for Run 5+
0.18 pb 1) . 5 15 Tov P P Z. Chen. Tues 3:00 P (0.0b7

/

§§ 2019 2020 2021 2022 §f§ 2026 2027 2028 §§f|

Timeline updated from Jing Wang's overview @ SOM 2022

Inhnii

Detailed studies to draw a comprehensive picture of HIC
Conditions of the system in the initial state

available now! Emerging properties and medium-induced effects
(submitted to

. Collectivity features in small collision systems
Physics Reports)

Nature of exotic hadrons and rare phenomena

Florian Damas (LLR, CNRS-IN2P3) CMS highlights - SQM 2024 P


https://indico.in2p3.fr/event/29792/contributions/137214/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-23-011/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-23-011/index.html
https://indico.cern.ch/event/1037821/contributions/4853846/attachments/2460474/4218528/20220613_CMShighlights_SQM22_JingWang_pdf.pdf

CMS Experiment at the LHC, CERN
Data recorded: 2018-Nov-12 21:48:04.525285 GMT
Run / Event / LS: 326619 / 2320827 / 8




Coherent |/ W photoproduction in PbPb UPCs

Pranjal Verma
HE&Q, Tues. 16:50

CMS PbPb 1.52 nb™' (5.02 TeV)
Pb + Pb — Pb + Pb + J/y AnAn .. Complementary rapidity coverage at the LHC
o —«— cms - Important access to gluon distribution
o) W ALICE 2019 at low x, but to what values exactly?
= o— ALICE 2021 L Uity i the hot q
~ —— @ - T [
< 4f —— LHob 2022 .- = - . A ambiguity In the photon source an
O TR energy for a given J/Y rapidity
=
P )
8 2o _
“““““ —I:J—L’\ ;:,_.——""——— LTA_SS CD_BGK (a) ~photon emitter
i pas B P -= LTA WS cb Gew | %(h’ghere”ergy)>
- STARLight CD_IIM ¢ o
O | | l | C § 0—» OR
—4 -3 —2 ~1 0 | ’
y target N %
D ittty - D -
photon emitter
V Vv (lower energy)

PRL 131 (2023) 262301
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-22-002/index.html
https://indico.in2p3.fr/event/29792/contributions/137195/

Probing the gluon distribution at low Bjorken x

PRL 131 (2023) 262301

A g v

CMS PbPb 1.52 nb™ (5.02 TeV)
Photon contributions resolved by measuring S JEEEEEE A
.. -1 oWWF e _
dOcoherent(d/P)/dy per neutron emission class 10 o ek\aé ,,,,,,,, x ~105
S nO ) JPtas —
S .
Models capturing the trend vs YN energy & :':;“__‘—_"—_'::::EZZZJ;--'E""_
o / - °
but not low- and high-x regions together > ;
— s QCD-based calculations
T , ' 7 e — LTA.SS — bBK_ GG
.. . 0102 |, __ __ .
w | HC data constraining the gluon evolution o = [ EE}' O ALICE* (4.0 < y <-3.5) LTAWS bBK_A
> ! O ALICE* (ly] < 0.15) CD_BGK CGC IPsat
~10-5 | =
dOWﬂ to x 10 ) © A LHCDb* (-4.5< y <-3.5) CD_GBW -'- GG-hs
Syst. exp. CD_IIM - = Impulse approx.
~ Syst. v flux
l:lllllllllllll'llll'll|I|IIII|IIII|IIII|II
Pranjal Verma 0 50 100 150 W%gO(Gef/s)O 300 350 400
HF&Q, Tues. 16:50 large x YN small x
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-22-002/index.html
https://indico.in2p3.fr/event/29792/contributions/137195/

Observation of double J/ W production in pPb

P2l CMS Experiment at the LHC, CERN
4| Data recorded: 2016-Nov-18 17:13:03.129280 GMT | |
Run / Event / LS: 285505 / 429487936 / 433 _ PAS HIN-23-013

Stefanos Leontsinis
HE&Q, Tues. 14:40

oPb 174.6 nb™
oPb 174.6 nb™ (8.16 TeV

== Total

Events / 50 MeV

7 dhy

Events / 50 MeV

\\ Background

%
)
O FENYY e vy 7 F9E «

2.6 2.8 3 3.2 3.4 3.6

M- o [GEV]

NUJ/g J/P — 2 p*tp) = 8.5 £ 3.4 events
Ofiducial(pPb — J/W J/P) = 22.0 = 8.9 (stat) = 1.5 (syst) nb


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-013/index.html
https://indico.in2p3.fr/event/29792/contributions/137190/
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Double parton scattering (DPS) greatly enhanced in pPb

CMS Preliminary

| | —> >1mb
Probing the impact parameter dependence of nPDFs ——  at95% CL
New system for correlation studies in the proton —
- J/V+Xinpp
P
opps(pPb — J/P J/) = 5.4 + 6.2 (stat) = 0.4 (syst) nb 'T>
m First extraction of oes pps With nuclear collision datal s .
L .
- Jetsand
; : ; i —> EW
—
. ——  bosons
<
DPS e DPS | g
— N |
(= 0 20 40
Pb ——

Gt ppg LMD

DPS effective cross section from pA data

PAS HIN-23-013

CMS, \s,=8.16 TeV, J/y+J/y
CMS, Vs=13 TeV, J/y+J/y+J/y
CMS*, Vs=7 TeV, J/y+J/y
ATLAS, Vs=8 TeV, J/y+J/y
DO, Vs=1.96 TeV, J/w+J/y
DO0*, Vs=1.96 TeV, J/y+Y
ATLAS*, Vs=7 TeV, W+J/y
ATLAS*, Vs=8 TeV, Z+J/y
ATLAS*, Vs=8 TeV, Z+b—J/y
DO, Vs=1.96 TeV, y+b/c+2-jet
DO, Vs=1.96 TeV, y+3-jet

DO, Vs=1.96 TeV, 2-y+2-jet
DO, Vs=1.96 TeV, y+3-jet
CDF, Ys=1.8 TeV, y+3-jet
UA2, Vs=640 GeV, 4-jet

CDF, Vs=1.8 TeV, 4-jet
ATLAS, Vs=7 TeV, 4-jet
CMS, Vs=7 TeV, 4-jet

CMS, Vs=13 TeV, 4-jet

CMS, Vs=7 TeV, W+2-jet
ATLAS, Vs=7 TeV, W+2-jet
CMS, Vs=13 TeV, WW

Stefanos Leontsinis
HFE&Q, Tues. 14:40
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-013/index.html
https://indico.in2p3.fr/event/29792/contributions/137190/
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Properties and effects of the hot medium
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1(InT)  d(In{pt))

I(Ins) d(InNg,)

arXiv:2401.06896

>

System evolution in Ultracentral collisions

Speed of sound (cs) of the QGP
unconstrained from experimental data

Non-trivial hydrodynamic prediction
leading to a simple relation between
measurable quantities

w direct extraction of cs2 from the

multiplicity dependence of mean pr
in ultracentral collisions

Michael Murray
Bulk&Phase, Tues. 12:00
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https://www.arxiv.org/abs/1909.11609
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-23-003/index.html
https://indico.in2p3.fr/event/29792/contributions/137190/

@ Extraction of the QGP Speed of Sound

Measurement of {pt) vs multiplicity, normalized by their values in the 0-5% most central events

CMs____ PbPb(0.607nb’)5.02TeV
1.025F p. > 0 GeV, n|<0.5 S
- e Data /| /
1.02 |- *'!77'4_: Steep rising trend matching the

_ - ---- TRAJECTUM ;/ : hydrodynamic model predictions
§|—1 oop . Gardim et al. ,', / -
>\|_ 1.01 ,~”,/,/ ]

Q Ry
e i R 4 -
1.005 B ,‘,/‘ /,.'0 —
n RS 0 —
[poo0C00000e,.  _.- g .6 _
1 _—..'. """"""""" ‘-‘-! 2.0.9 ’:g:“‘"_';_._ - o —
0995 :_ I I | | I | I | | _:
08 085 09 095 1 105 11 115 12 Michael Murray
arXiv:2401.06896 Ner/Ney Bulk&Phase, Tues. 12:00
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-23-003/index.html
https://indico.in2p3.fr/event/29792/contributions/137190/
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Extraction of the QGP Speed of Sound

Measurement of {pt) vs multiplicity, normalized by their values in the 0-5% most central events

1.025¢}

1.02

0.995

G _

_PbPb (0.607 nb ) 5.02 TeV_

p. > 0 GeV, n|<0.5

e Data
— - Fit to extract c§
---- TRAJECTUM

Gardim et al.

/

T085 09

arXiv:2401.06896

Steep rising trend matching the
hydrodynamic model predictions

m ;2 fitted as the data slope
with T estimated from (pr)°

(hydrodynamic correspondence)

Michael Murray

Bulk&Phase, Tues. 12:00
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https://arxiv.org/abs/2403.06052
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-23-003/index.html
https://indico.in2p3.fr/event/29792/contributions/137190/

[

= Constraining the QCD Equation of State

) 25 CMS PbPb (0.607 nb™) 5.02 TeV
noninteracting limit
0.3
0.25
. Direct evidence for the
> formation of a deconfined
0.2 ' phase at LHC energies!

® CMsS Ultra-Central Data
015 “Lattice Quantum Chromodynamics
TRAJECTUM Hydrodynamic Simulation
Nat. Phys. 16 (2020) 615

150 200 250 300 350 .
| 0 Michael Murray
arXiv:2401.06896 T (= (p.) /3) (MeV) Bulk&Phase. Tues. 12:00

0.1
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-23-003/index.html
https://indico.in2p3.fr/event/29792/contributions/137190/

@ Nuclear modification of A. in PbPb

Soumik Chandra
HE&Q, Tues. 1/7:50

PbPb 0.607 nb™’, pp 252 nb™' (5.02 TeV)

1.8:— CMS Supplementary Ag + A
- > » Significant suppression of prompt A. production
181" cMs PoPb Cent. (Iyl < 1) ALICE PbPb Cent. (Iyl < 0.5) up to pr = 30 GeV/c
14__ B 0-10% 0-10%
' @ 30-50% O 30-50% * stronger for the most central events
1.2 Global uncertainty CMS * energy loss of charm quarks
- ALICE
} 10:_ |__€>__:_—_ e By
B O ] 30-50% - . .
08| | 0o | A > Minimum of Raa shifted to higher pr compared to DO
T IR L ¢
06 |- *+
0.4 " _O#_ Y L
0.2} +i]: *0-10%
_I [ 1 | | [ 1 [ 1 | I M I I I | [ 1 1 1 | [ 1 1 1 |
0 5 10 15 20 25 30
JHEP 01 po2ay 108 Py (GEVIO)

ag v
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-21-004/index.html
https://indico.in2p3.fr/event/29792/contributions/137197/

@ Enhancement of A. / DO

Soumik Chandra
HE&Q, Tues. 1/7:50

PbPb 0.607 nb™, pp 252 nb™' (5.02 TeV)

"CMS
A : 89900/ PbPh » Significant suppression of prompt A. production
o m 0-10% PbPb up to pt = 30 GeV/c
F PRL124 (2020) 042301
A 101 Cent. 0-20% » stronger for the most central events
og , 8;_____ Global uncertainty » energy loss of charm quarks
-~ L pp: 6.6% . . .
= . SOPh: 7 39 > Minimum of Raa shifted to higher pr compared to DO
<O 06_
+ | ° °
04l > N\./ DO consistent in PbPb and pp
I * similar plateau for pt > 10 GeV/c
0.2 e m no significant contribution from coalescence
: e ﬁ !
[ | | I I | I I | I I | [ 1 1 1 | I | | | 1 1 1 | [ 1 1 1 |
0077510 15 20 25 30 35 40
V
JHEP 01 Q024 128 Pr(GEVIO)

ag v
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-21-004/index.html
https://indico.in2p3.fr/event/29792/contributions/137197/

In-medium Energy loss of Beauty quarks

Updated B* measurement more precise Updated B: measurement consistent

than calculations uncertainties at high pr with different model approaches

CMS Preliminary  pp 5.02 TeV + PbPb 5.02 TeV CMS _Preliminary  pp 5.02 TeV + PbPb 5.02 TeV

fal J B*, Cent. 0-90% - 1.61 -

A «mnn DREENA-A o 1.5< |y| <24 | - -

I CUJET3.0 o |y|<24 - 1.4 .

1.21 AdS/CFT HH D(p) B ; — AW B3 Cent0-90% -

- P - 1 o CUJET3.0 o 15<]|y|<24 ~

1:_ .......... AdS/CFTHHD=const .............................. ] . i sim DREENA-A ® |y| <24 i

< o0l : o T Gishal unsertainty: 339
<C O —] <C n _
o : T 0.8 -
0'6:_ _: 0.6:_ ||IIIIIIIIIIIIIIIII:lI\\lIHIIH _:
04:— : 04_ |
0.21- - 0.21- =
O_ | Lo | | ! | 1 O_ | l Lo | | | | |

Jhovanny Mejia Guisao

HF&Q, Tues. 09:50
15

p, (GeV/c) PAS HIN-21-014
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-014/index.html
https://indico.in2p3.fr/event/29792/contributions/137196/
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== Energy loss: Beauty vs Lighter flavors

CMS Preliminary __pp 5'92 'II'eV + PbPb 5|'02| Tlel\/

1.6[D°, Cent. 0-100% B*, Cent. 0-90% —
"o |y| <1 o 1.5<|y|<24 -
1.4th*, Cent. 0-100% o ly|<24 —
Suppression of B+ and B. similar to lighter hadrons rlon| <1 B,, Cent. 0-90% -
: 1.2 o 1.5<|y|<24 —
at high pr I . o ly|<24 §
‘Global uncertainty [/ _
w mass/flavor-dependence of parton energy loss P I PR —
< _ +—+— i
< i B —&—
. T 0.8 po > +f"‘ -
Raa of fully-reconstructed hadrons from light to i —- 1o _
beauty flavor from CMS 0.6 + M s -
i e i _
L . - :
0.4 o® L hd —
- . o ® _
- + -
0.2F light B -
O:I [ 1] | I I I I | I I I I | I I I:
Jhovanny Mejia Guisao 1 10 102
HE&Q, Tues. 09:50 pT (GeV/c) AS HIN-21.014
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-014/index.html
https://indico.in2p3.fr/event/29792/contributions/137196/
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Medium-like effects



Local Polarization of Hyperons

Sketch from STAR Collaboration, PRL 131 (2023) 202301

1||||||||||||||||||||||||

» Vorticity fields induced by the collective flow

9 - * particle polarization along the beam axis P,
A - characterized by Fourier sine coefficients

AN _
a 05 ) » second order: P, ,, = (P,sin(2(¢ — '¥,)))
c\'le _
% 1 » Positive signal observed for A in AA collisions*
Q/-N 0 * magnitude increasing with the asymmetry

- * what about small systems?

AA centrality

*STAR Collaboration, PRL 123 (2019) 132301 and PRL 131 (2023) 202301
ALICE Collaboration, PRL 128 (2022) 172005

Florian Damas (LLR, CNRS-IN2P3) CMS highlights - SQM 2024 18


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.202301
https://inspirehep.net/literature/1737354
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.202301
https://inspirehep.net/literature/1891389

&

== A Polarization along the pPb beam axis

PAS HIN-24-002

pPb 186 nb™ (8.16 TeV)

1 I I I I | I I I I | I I I I | I I I I | I I I I
- CMS Preliminary 1 » First measurement of A local polarization in pPb
- 0.8 < p. < 6.0 GeV/c A .
9 - M| <24 o A -
/Y i A+A 4 > Significant positive P, 2 decreasing as function
5. 0.5 — of the multiplicity
E_ " ) » results consistent with O for Ks (spin 0)
% i i * trend similar to the observation in AA collisions
3 | _
al
Vv 0
i | o, -|075o+oo|09 0 = 0|758+0010

0 50 100 150 200 250

Nofﬂine

Y Chenyan Li

Bulk&Phase, Wed. 11:00
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-24-002/index.html
https://indico.in2p3.fr/event/29792/contributions/137194/

&

== A Polarization along the pPb beam axis

PAS HIN-24-002

pPb 186 nb™" (8.16 TeV)

1 I I I I | I I I I | I I I I | I I I I | I I I I
- CMS Preliminary  EPOS-LHC DATA 1 > First measurement of A local polarization in pPb
- 0.8< p. < 6.0 GeV/c O @ A =
9 - | <2.4 O o A -
I i o + A+A 4 > Significant positive P, decreasing as function
= 0.5 o — of the multiplicity
%’_ i i' CMS data - * results consistent with O for Ks (spin 0)
% I %‘ > ) * trend similar to the observation in AA collisions
QL Ob-----F-mmm G . : . .
v > EPOS-LHC » Zero if not negative signal from EPOS LHC
~ eimulations (absence of polarization mechanism)
i | o, _|0750+oo|09 o = O|758+OO10_
0 50 100 150 200 250
N;)rﬁlme Chenyan Li

Bulk&Phase, Wed. 11:00
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https://indico.in2p3.fr/event/29792/contributions/137194/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-24-002/index.html

&

T

PAS HIN-24-002

pPb 186 nb™' (8.16 TeV)

1 I I I I | I I I I | I
~ CMS Preliminary

i In|<2.4

low multiplicity

| |
A+A
+ 185=< N < 250
m 60=N" <120

¢ 3=N" <60

A Polarization along the pPb beam axis

> First measurement of A local polarization in pPb

» Positive P, 2 increasing with pr
trend similar to vo measurements in pPb
but different multiplicity dependence

m presence of vorticity structures?

m other spin polarization mechanisms?
(e.g. polarizing fragmentation functions)

>
| ’ high multiplicity
ol |

a, =0.750= 0.009 o =-0.758= 0.010

0 1 2 3 4
p_ (GeV)

Chenyan Li
Bulk&Phase, Wed. 11:00
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-24-002/index.html
https://indico.in2p3.fr/event/29792/contributions/137194/

Search for Collectivy in Pomeron-Pb system

Michael Murray’s poster

y y '1 ° ° ° °
CMS Preliminary pPb 174.5nb™ (8.16 TeV)  Two-particle correlations in events with a
0.3<p.°<3GeV 2 < NoMne - 40 . . .
trk
I large rapidity gap on the proton-going side

03<p"" <3GV

-
-
-
-
-----
-----
="
am=
-----
-
-
-
-
-----
="
am="

m sample enriched in pomeron-Pb interactions,
a new ‘small’ system

m no ridge observed in this configuration

HF +

PAS HIN-22-004
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-22-004/index.html
https://indico.in2p3.fr/event/29792/sessions/20760/#20240604

&

==  Search for Collectivy in Pomeron-Pb system

PAS HIN-22-004

» Two-particle correlations in events with a 5 ?IM|S|PIr elmrilnew T lpllj?1|7|4W5|nt|)-|(§'|1quelv_)
large rapidity gap on the proton-going side s - 0.3<p[*, P <3.0 GeV An.=2.5 -
d .P Y 99p P . 9PN >NO'035: oy p, O pr (CMS PLB 844 (2023)137905) -
m no sign of non-zero v, signal " oData -
0.03 =
- & -
» Complementary to measurements in 0.025¢ -
photon-proton and diffractive pPb systems 0.02; YP _
| . | | 0.015F : + =
» Different rapidity gap sizes also studied - 1 -
0.01- -
Z Axis +E 0005:_ % + _:
. B = H pr 12 B
O:I | [ | [ | [ | [ | [ | [ | | I:
2 4 6 8 10 12II 214 0

ni<2.4, p_>O0.

R Michael Murray’s poster N, '
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https://indico.in2p3.fr/event/29792/sessions/20760/#20240604
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-22-004/index.html

Multiplicity dependence of W(25) / J/W in pPb

» Yield ratios to cancel out common modification
from initial-state effects

NOrmahzed 6!//(28),11/6]/1//,11 —

Cy28)n ! Oljyn

Zn Oy (2S),n / Zn OJhy,n

| 6 CMS Preliminary pPb 175 nb™" (8.16 TeV)
__IIII|IIII|IIII|IIII|IIII|IIII|IIII_
- 6.5 <p_<30 GeV
1.5 T
-2.865 < Yo < 1.935
s 1.4 + Prompt + Nonprompt

—l
L

o’ T -

> Decrease with increasing multiplicity for prompt ‘g 3 o E
while constant for b-hadron decay contributions % 1-2; from b-hadron decays -
N 1.5 inear fits & | =

g 1:_ ......... oL -? -------------------- + ------ -

s f ; (N

< 09 ® —

0.82— prompt Y(2S) / J/P —i

: I I | I I I I | I I I I | I I I I | I I I I | I I I I | I I I |:
0'70 0.5 1 1.5 2 2.5 3 3.5

Austin Baty Nirack/<Nyack>ue
F&Q Tues. 1/:30 PAS HIN-24-001
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Multiplicity dependence of W(25) / J/W in pPb

Cy28)n ! Oljyn

NOrmahzed 61//(28),11/6]/1//,11 — /
Zn Oy(2S).n Zn OJ/y,n

- o | g CMSPreliminary  pPb 175" (8.16 TeV)
> Yield ratios to cancel out common modification : 6.5<p_<30 GeV
from initial-state effects 1.5 -1 <yc|\T/|<1
1.4 + Prompt — Comover model

> Decrease with increasing multiplicity for prompt

O
N W

2 F
s
= -
while constant for b-hadron decay contributions _g 3 srompt Y(2S) / J/
N 1A
S b NG
w relative W(2S) suppression from final-state % 1; ¥
interactions (comoving-particles picture’) < 0.9¢ .
0.8
:I | I I | I I B | I | I I | I | I I | I | I I I | I | I I I | I 1 1 |
0'70 0.5 1 1.5 2 2.5 3 3.5
A : B Ccorr. Ccorr.
ustin Baty IE.G. Ferreiro, PLB 749 (2015) 98 Nurack<Nirack>e

F&Q, Tues. 1/:30

PAS HIN-24-001
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https://inspirehep.net/literature/1325845
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https://indico.in2p3.fr/event/29792/contributions/137191/
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Multiplicity dependence of W(25) / J/W in pPb

CMS Preliminary pPb 175 nb™ (8.16 TeV)
> . o o o jl | | L | T 1T 1 | 1T 1T 1 | T 11 | 1T 1T 1 | T 11 | T 1T 1 | L | [ I:
Slope of nc?rmallzed P(2S) / J/YP vs mU|tIp|I(?It}/. 03F 65 b <30 GeV -
m decreasing trend observed for all Y rapidities - . -
. 2 o 0ol Q Nonprompt: y _ bins -
without significant rapidity dependence “F oM -
] - ® Nonprompt: -2.865 <y <1.935 =
o 0.1¢ | from b-hadron decays -
> B hadron contributions not affected g Of— -------------- O --- - - -- L — d'; —f
o - T | .
C - _
.re . . 2 -0.1 5 V s = 51 4
w- additional constraints on the mechanisms of = - g | prompt T =
hadronization and suppression in pA collisions —0-2;— ©  Prompt:y_ bins yy(25) / J/u —;
N o Prompt: -2.865 <y _ < 1.935 B
-0.3 -
T 1 1 I I | I I I | I I T | I llllllllllll I I I | I I | I I I
25 -2 -1.5 -1 —O ) O 05 1 1.5

Austin Baty Yo

F&Q, Tues. 1/:30 PAS HIN-24-001
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Search for Energy Loss in pPb: B+ vs multiplicity

Jhovanny Mejia Guisao

F&Q, Tues. 09:50
CMS Preliminary pPb 175 nb" (8.16 TeV)

—h
o
w

F 2<N." <60
# 60<N." <85
i 85<N°" <110

*lﬁ*ljl.F

—
-
N

S =
= * _ o . + .
@ - —— # 110 < NV" < 250 » pr-differential measurement of B+ production
9 | » Studied as a function of the event multiplicity
e 10F ‘;’ » comparison between multiplicity classes
o T 1 coming soon!
kS, - B e
3 ik
10—1 ] | I I | L 1 1 | | 1 1 | | | 1 1 1 | 1 1 | | I I | | L1 1 1 1 1 | | 1 1 1

S 10 15 20 25 30 35 40 45 50
p_(B") (GeV)
PAS HIN-22-001
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-22-001/index.html
https://indico.in2p3.fr/event/29792/contributions/137196/

&

==  Search for Energy Loss in pPb: High-pr v2{4]

Rohit Kumar Singh's poster

» New measurement with 4-subevent cumulant

Pb 186 nb™ (8.16 TeV) + PbPb 0.60 nb™' (5.02 TeV
rn _"Pl"'l"'(l'"l")'l"'l"'l"('l"'l'_) method extended to high pr
= 02~ CMS preliminary 185 < Nofne < 250
| 15:_ s B 4 subevent _ » Positive v, {4} persisting up to pt ~20 GeV
N N - m similarity between high-multiplicity pPb
- . O - and peripheral PbPb events
- [.J[.l * —_— .
0'1- . ¥ : : * $ Ellr _ * magnitude and pt dependence
0.05r, ml < 2.4 » pPb 8.16 TeV _-
i o PbPb 5.02 TeV -
o) IR EFEPEFIN EFEFEPE EFININEN AP U RPN T I
0 2 4 6 8 10 12 14 16 18
p_(GeV)

T
PAS HIN-23-002
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https://indico.in2p3.fr/event/29792/contributions/137411/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-002/index.html

=

==  Search for Energy Loss in pPb: High-pr v2{4]

Rohit Kumar Singh's poster

y y » New measurement with 4-subevent cumulant
oPb 186 nb™" (8.16 TeV) + PbPb 0.60 nb™ (5.02 TeV)
I 1 1 I I 1 1 1 I Im 1T 1 1 Im 1T 1 1 rm 1T 1 1 rm 1T 1 1 I 1 1 1 I 1 1 1

<0.15F | | | | IR method extended to high pr
~ CMS preliminary -
> i _ _
0_1:_ + ‘}’m i ? X ) _ > Positive vz {4} persisting up to pt ~20 GeV
! $ - m similarity between high-multiplicity pPb
0.051- - and peripheral PbPb events
091 p_ of POl > 6 GeV 4 subevent ,
A T - * magnitude and pt dependence
- ml <2.4 i
S O Yl _______________________________________________________ - * multiplicity dependence too!
i e pPb 8.16 TeV _
I o PbPb 5.02 TeV : ,
_0.05 | | | | | | | w flow from high-pt parton energy loss?
0O 50 100 150 200 250 300 350 results calling for theory inputs!
<Ncorrected>
trk
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Heavy ion data beyond QGP physics

Pb\q\/w
Y < JJ;(J

>

Pb Pb*




@ Quark content of fo(980) from pPb v,

CMS PPb, |5y = 8.16 TeV (185 < N, < 250)
- fo(l980)l 4 Probe structure of exotic bound states in HIC
I ) -
0.15 oK aA it L®] ng=2hypothesis]  » v, NCQ scaling in high-multiplicity pPb
- E 0 N, = 4 hypothesis - :
- - CMS Collaboration, 1 » comparing nq = 2 and hypotheses
- O 1 | Phys. Rev. Lett. 121 (2018) 082301 _
~—~ - _
O = _
> n _
Txs\ i _
> 0.05_— e —
# —
Of _
| ] | ] |
0 2 4 .
KE./n, (GeV) quark-antiquark?

arXiv:2312.17/092
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=

= Evidence for £o(980) = qq state

Log-likelihood ratio distributions for the ng= 2 and 4
hypotheses from pseudo-experiments

Pb, 816TV 185<N 250
0 - CiS, — ﬁ ° - S )_ > v2 NCQ scaling in high-multiplicity pPb
© 19001 O<p <10 GeV/c Ny =2 B
D - T n.=4 _
& L | Xops = € X =4 )I=770 N quserved 1 » ng= 2 favored over nq =4 by 7.70
g;_ 1000 _ (6.30 or 3.10 for restricted pt ranges)
X - _
& | @ -
9 ol T 1 » Independent input in addition to
C?) - N - quantum number studies
N . _
D- O_ | | | | 1 1 1 1 | . . \/ . |

. :
_100 0 100 m novel approach for hadronic structures

-2 In(an=4/Ln )

arXiv:2312.17/092
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Light-by-light Scattering

CMS Preliminary

, PbPb, 1.65 nb™ ({s,, = 5.02 TeV)
/>\ 1 O : | | | | | | | | | | | | | | | I | | | | | | | | | | | | | | | :
D - VY= YY :
O - ¢ Data _
Z - ~— gamma-UPC@NLO 7
C N\ NN\ AN NN . SUPERCHIC 3-03
= RANANY -
o~
P_E e
- 10 —
= - I _
S | N\ —
~ Pb Pb®  * -
Y Y SRV
1 _ \\s\ NN AANNNRNN —
- Y Y _
" Pb Pb* )
| I | ] ] | | | | | | ] | | | | ] | | | ] | |
5
L :
I O O S OO -
D ..............................

PAS HIN-21-015

New measurement of exclusive diphoton events
in ultraperipheral PbPb collisions

Ofiducial (YY — 7Yy) = 107 £ 33 (stat) = 20 (syst) nb

w in agreement with (N)LO QED predictions

Florian Damas (LLR, CNRS-IN2P3)
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Limits on axion-like particles

CMS Preliminary Exclusion limits at 95% confidence level
% 10 =  BaBar LEP I and Il CDF .
= - Search for narrow resonances in the
o - T el diphoton invariant mass distribution
2 = e m most stringent constraints
510 > (PP) in the 5-10 GeV mass range
D =
8 ~ Beam Dump - (PEFD)
-2 L % 0.4
5 107 ¢ S
e = oF
O : 0.2
< L A-3
010" =
- - 0.1
O : SN1897A MiniBoone 883 B CMS X
. X _4 oos| (PPPD)
(q0] 10 E 0.05 — 26 7§ 910 20 30 40 50 60 7080
— m, (GeV)
10—5_ | |||||||‘ | |||||||‘ | |||||||‘ | |||||||‘ | |||||||‘ | |||||||‘ |
1073 1072 107" 1 10 . 107 10° d

axion mass m, (GeV)
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CMS Experiment at the LHC, CERN
Data recorded: 2023-Sep-26 17:49:16.755456 GMT
Run/ Event/LS: 374288 / 5946329 / 55

Run 3: Higher energy and luminosity
-/



PbPb \/s, = 5.36 TeV
BN b VY

PAS HIN-23-00/

— 1 T T T 1 7_IIII| [ [ IIIIII| [ [ IIIIII| [ [ IIIIII| i
1000 B ] L pp (pp) NSD Central AA pA NSD CMS _
B _ ~ mCMS B CMS pPb CMS Profiminary -
- 7 6 — AALICE A\ ALICE pPb ALICE narty —
_ @ CDF O ATLAS dAu PHOBOS _
~ Y UAS v BRAHMS  pA Inel. -
5 75— ¢UA +PHENIX v pPbE178 —
X - s = | XSTAR ¥ STAR ® pAu NA35 -
P B Cent. 0 - 80% _ _g _ pp (pp) Inel. ¢ PHOBOS _
3 400 w Data — 5 4 mcwms % NAS50 —
- -.. AMPT (no melting) ) < [ AALCE v -
- —_AMPT (string melting) - ~ [ vuas \Y _
200— J Vo = 3 R _
i — HYDJET _ = [ ¢ PHOBOS & o BT
- ----EPOS LHC = = [ eIsR C - X Sw P g
— — ~— .’ 7]
] | | | = - B ~
i | | | | | i - o € —
c 1.2 — B * o, s )
o - _ - ,r:ﬁ" -
© — 7 B % J}/# - :::?""/ 7
— 1 ] 1= *'1‘ 5 L |
S : - v g0 _
= 0.8} = - | | -
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—2 —1 0 1 2 10 10 10° 10

> Event generators not describing the data accurately m important input to tune MC for Run 3

S\ (GeV)
> dNg/dn in PbPb collisions at unprecedented /syn = 5.36 TeV from the 2022 test run
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CMS Integrated Luminosity, PbPb, 2023, /sy = 5.36 TeV

Data included from 2023-09-26 17:47 to 2023-10-29 11:57 UTC
2000 .

I | I | I | | | I | |

Bl LHC Delivered: 1979.69 ;b '
CMS Recorded: 1822.71 ;b !
| CMS Certified: 1683.36 ;b '

» Long-awaited first heavy-ion physics

1500 | 11500 , ,
Preliminary CMS Offline Luminosity data taklng since 2018l
1000, 11?99 » Billions of hadronic and UPC events
collected for precise measurements!
500 | 1500

Total Integrated Luminosity (b ')

A "I\ "SR o\ DU\ DU o, "D o\ WU o\ DU\ DU\ " DU o\ "Wl o\ "D o\ Do, "o\ *
9@? 6@9 6QQ oC oCo oCo oC 00 o(o oC o(o 00 oC o(o oC 00 00
7«6 1% 30 1T & O %»"0 \fl« \Pa \‘6 \‘ﬁ fLQ Q:L 1& 16 1%

Date (UTC)

See Detector Performance note 2024-02 to find out more

Florian Damas (LLR, CNRS-IN2P3) CMS highlights - SQM 2024 37


https://twiki.cern.ch/twiki/bin/view/CMSPublic/DataQuality#2023_HI_Collisions_5_36_TeV
https://cds.cern.ch/record/2887066?ln=en

CMS Preliminary PbPb, 1.65 nb™ (\/s,,, = 5.02 TeV

)
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% E | I I Yy 'lyfy I I I I E
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'OQ' - In| <24 O © A A . . © i i}
< 0 5 o+  A+R - Direct constraints on the QCD EoS _ _
AN 05_ ] N
E" * ° N
YT & - In-medium behavior of heavy quarks e ) E
A i g_ | - =
s # ¥ Signs of medium effects in pPb systems ‘ :
o o
V O— %" ] . S oL _
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offline CMS PbPb (0.607 nb") 5.02 TeV CMS Preliminary pPb 175 nb™ (8.16 TeV)
Ntrk 035 I ' | ' [ | ' ' ' ' I ' ' ' ' I ' ' 1.6 _I r— [ rrrryrrroprr ot T T |:
;I_H L D N N LA DL UL BLELELE B noninteracting limit 1_53— 62'58;5pT<SOG1e;/35 —f
& 02 CMS preliminary 185 < N < 250 0.3 1 = 1 45_ G E
> - - S T E + Prompt + Nonprompt ]
- o 4 subevent - S - .
- O - o 1.3 —
0151 § 0.25 1 = F -
- ° ° 7] AN » © 122_ _Z
L L. O ] © e 14b =
0.1_— ® RS % o 021 — % ) C n
[0 - ;3 # i e 1F E
[ - i ® CMS Ultra-Central Data ] g = =
0.05-_ . — 0.15F Lattice Quantum Chromodynamics = 0.9 —
i i <2.4 I;Et;:'m;—ivv : TRAJECTUM Hydrodynamic Slmulatlon 0.8 = B
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Enjoy SOM with the CMS Collaboration!

Talk Speaker Time Room
Investigating bottom quark energy loss, hadronization, and B meson nuclear modification factors Jhovanny Mejia Guisao Tuesday 9:50 Rome
Observation of double J/psi production in pPb collisions Stefanos Leontsinis Tuesday 14:40 Rome
Detailed study of the production of Y mesons in PbPb collisions Prabhat Ranjan Pujahari Tuesday 15:20 Rome
Probing a new regime of ultra-dense gluonic matter using high-energy photons Pranjal Verma Tuesday 16:50 Rome
Measurement of the multiplicity dependence of charm hadron production in pPb collisions Austin Baty Tuesday 17:30 Rome
Study of charm quark and QGP medium interactions via Lambda c and DO production and collective flow Soumik Chandra Tuesday 17:50 Rome
Measuring the speed of sound in the OGP Michael Murray Tuesday 12:00 Bruxelles
Measurement of strange particle femtoscopic correlations Raghunath Pradhan Tuesday 17:50 Bruxelles
ﬁ Chenyan Li Wednesday 11:00 | Bruxelles

Hyperon polarization along the beam direction in pPb collisions =

Using Multivariate Cumulants to Constrain the Initial State in PbPb collisions

Measurement of azimuthal anisotropy at high pT usina subevent cumulants in pPb collisions

sics of heavy flavors and strangeness with a time-of-flight PID upgrade at CMS at the hi

All HIN Preliminary results, Publications, Overview of Runs 1 & 2 studies

Aryaa Dattamunsi
Rohit Kumar Singh

Zhenyu Chen

Tuesday 11:40
Tuesday evening

Tuesday 15:00

Londres

Poster!

Londres
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https://indico.in2p3.fr/event/29792/contributions/137196/
https://indico.in2p3.fr/event/29792/contributions/137190/
https://indico.in2p3.fr/event/29792/contributions/137189/
https://indico.in2p3.fr/event/29792/contributions/137195/
https://indico.in2p3.fr/event/29792/contributions/137191/
https://indico.in2p3.fr/event/29792/contributions/137197/
https://indico.in2p3.fr/event/29792/contributions/137215/
https://indico.in2p3.fr/event/29792/contributions/137192/
https://indico.in2p3.fr/event/29792/contributions/137194/
https://indico.in2p3.fr/event/29792/contributions/137193/
https://indico.in2p3.fr/event/29792/contributions/137411/
https://indico.in2p3.fr/event/29792/contributions/137214/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN/index.html
https://arxiv.org/abs/2405.10785
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https://cds.cern.ch/record/1157741

&

== A Polarization along the pPb beam axis

PAS HIN-24-002

1 pPb 186 nb™ (8.16 TeV) 5x10° . PPb186 mtlf1 (8.16 TeV)
I I I I | I I I I | I I I I | I I I I | I I I I i 1
 CMS Preliminary . A\ _ _ CMS Prel/m/nary A _
- 0.8<p_<6.0GeVic o A - - __ -
3 - |Im| <2.4 + A+A . 3—% i )
2, 0 A 1E | _
A - ] Kg - ~ L _
B.‘(\I 0.5 (Higher p_ ) _ a‘ i | _
N - - & [ ‘ ¢
Lo & _ T Mt R :
S § 5 o o
C " # # g_ - S 7 Tt )
U)N B _ 8 - | -
ol S b -
V. O g oo Vool ]
u - i = —
i | o, T0750 oolog oc_—0|758 + 0.010 : | | | :
0 50 100 150 200 250 1.08 1.1 1.12 1.14 1.16
offline , eV/c?
Ntrk Chenyan Li Miny (G )

Bulk&Phase, Wed. 11:00
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-24-002/index.html
https://indico.in2p3.fr/event/29792/contributions/137194/

Testing hydrodynamics with Multiparticle cumulants

CMS PbPb 5.02 TeV (0.607 nb™)
107 i T e e 6 e o e e © °F
G) ? o - - -@-
%1 0°° = O e e - 7 e -
GL) 3 B O - o Q=
=107 g ] e - o - =| » First measurement of v, {10} enabling
§1 0 ;— A o s B a = detailed studies of high-order terms
©, e[ O (v,{2}-v,{10})/v, {10} » Clear ordering and fine splitting
&]:)1 0 = 0.5<p_<3.0GeVic ®(v,{4}-v,{10D/v,{10} attributed to flow fluctuations
1078 é_ m| < 2.4 ® (v,{6}-v,{10}/v {10}
- 0 (v, {8}-v,{10})/v_{10]
107/ = A B RS R S SRR
0 10 20 30 40 50 60
Centrality (%) ,
Aryaa Dattamunsi
JHEP 02 (2024) 106 Small Systems, Tues. 11:40
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https://indico.in2p3.fr/event/29792/contributions/137193/

[

= New probes of the initial-state conditions

CMS PbPb 5.02 TeV (0.607 nb™)
0.3F *h; 1, {8} — v, {10} JJE
- I'aylor hl —
0.05"- > h, v2{6} — (8] ,
o UEOF h {6} — 1 (8] » Higher-order moments of v, necessary
D - =11, h, = e 2 . .
S 02F ] hTaylor 2T A — (6] g to describe the centrality dependence
o) = : L, = = > Novel constraints on non-Gaussian
_g 0.1 5:_ i 5] & % 2 tfluctuations in the initial-state geometry
= 0 1:_ @ . m = used by hydrodynamic calculations
005 B 0.5<p_< 3.0 GeV/c
- J M| < 2.4
I | I N SR AN TR TN NN WA AN TR TR TN MO A S A S
0 10 20 30 40 50 60
Centrality (%)
Aryaa Dattamunsi
JHEP 02 (2024) 106 Small Systems, Tues. 11:40
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