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Summary of CMS talk@ SQM2024 (Jun. 3-7, 2024, Strasbourg, France)

Section | Talk Speaker
Investigating bottom quark energy loss, hadronization, and B meson nuclear modification | Jhovanny Mejia Guisao
factors
Observation of double J/psi production in pPb collisions Stefanos Leontsinis
Detailed study of the production of Y mesons in PbPb collisions Prabhat Ranjan Pujahari
Probing a new regime of ultra-dense gluonic matter using high-energy photons Pranjal Verma

Measurement of the multiplicity dependence of charm hadron production in pPb collisions | Austin Baty

Study of charm quark and QGP medium interactions via Lambda ¢ and DO production Soumik Chandra
and collective flow

Measuring the speed of sound in the QGP Michael Murray
Measurement of strange particle femtoscopic correlations Raghunath Pradhan
Hyperon polarization along the beam direction in pPb collisions Chenyan Li

Using Multivariate Cumulants to Constrain the Initial State in PbPb collisions Aryaa Dattamunsi
Measurement of azimuthal anisotropy at high pT using subevent cumulants in pPb Rohit Kumar Singh
collisions

Physics of heavy flavors and strangeness with a time-of-flight PID upgrade at CMS at the | Zhenyu Chen
high-luminosity LHC
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CMS summary

pPb 186 nb™ (8.16 TeV)
e

Summary

J/Y probing low-x parton densities
Direct constraints on the QCD EoS
In-medium behavior of heavy quarks
Signs of medium effects in pPb systems

First Run 3 results and more to come!
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Summary of CMS talk@ SQM2024 (Jun. 3-7, 2024, Strasbourg, France)

Section | Talk Speaker
Investigating bottom quark energy loss, hadronization, and B meson nuclear modification | Jhovanny Mejia Guisao
factors

? Observation of double J/psi production in pPb collisions Stefanos Leontsinis
Detailed study of the production of Y mesons in PbPb collisions Prabhat Ranjan Pujahari
Probing a new regime of ultra-dense gluonic matter using high-energy photons Pranjal Verma

1 Measurement of the multiplicity dependence of charm hadron production in pPb collisions | Austin Baty

2 Study of charm quark and QGP medium interactions via Lambda ¢ and DO production Soumik Chandra
and collective flow

3 Measuring the speed of sound in the QGP Michael Murray
Measurement of strange particle femtoscopic correlations Raghunath Pradhan
Hyperon polarization along the beam direction in pPb collisions Chenyan Li
Using Multivariate Cumulants to Constrain the Initial State in PbPb collisions Aryaa Dattamunsi
Measurement of azimuthal anisotropy at high pT using subevent cumulants in pPb Rohit Kumar Singh
collisions

Physics of heavy flavors and strangeness with a time-of-flight PID upgrade at CMS at the | Zhenyu Chen
high-luminosity LHC
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Measurement of the multiplicity dependence of

charm hadron production in pPb collisions
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Motivation of quarkonia study

cms |

nes) .77

hadrons hadrons

(1S) z ,

i | Charmonium Bottomonium :
hadrons hadrons y* radiative

JPC = 0-+ 1-- 0++ 1++ 1+- 9++ JC . 0-+ ) Lon 1+- 0+ 14+ 2+

Why are they important ?

= Heavy quarks/quarkonoium are mostly produced in the early stage of heavy ion collisions
= Heavy quark -> scale separation -> Heavy Quark Effect Theory

Quarkonia suppression has been considered as a smoking gun of the QGP (Matsui, Satz at 19s8s, ...)
From yield and distribution -> deduce in-medium properties and infer the fundamental interaction in QCD matter !
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Suppression of quarkonia excited states

e Quarkonia suppressed in AA collisions

PbPb 1.61 nb™", pp 300 pb™ (5.02 TeV)

p. <30 GeV/c CMS T

lyl <2.4

T Cent. g &
------------------------------------------------------ oy Nuclear modification factor
Y(1S) (2015 PbPb/pp) » Production of HF in nuclear collisions Pb-Pb measurement
= Expected to scale with the number of nucleon-
nucleon collisions N, (binary scaling) @
[ Y(2S) » Observable: nuclear modification factor @

B Y 1 dN, /dp, QCD medium
M (N,)dN, 1dp,  QCD vacuum pp reference

o If no nuclear effects are present — Ry,=1 °%o
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Suppression of quarkonia excited states

e Quarkonia suppressed in AA collisions

e Suppression of excited states also

seen in small systems

PbPb 1.61 nb™, pp 300 pb™* (5.02 TeV)
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Suppression of quarkonia excited states

e Quarkonia suppressed in AA collisions 5 5CMS JHEP 11 (2020) 001
e Suppression of excited states also [ ppis=7TeV  pp (s=276TeV pPb |s=5.02TeV
seen in small systems - &~ Y(2S) / Y(1S) -4~ Y(2S) / Y(1S) 4 Y(2S) / Y(1S)
. . . 0 4”_ » Y(3S)/ Y(1S) Y(3S) / Y(1S) ¥ Y(3S) / Y(1S)
e Co-moving particles break up excited L
- n ~ - p:* > 0 GeV, ly™l < 1.93
states more easily than ground states? ¢y | T
e Studies of Y (nS) support this picture 1;-: 0-3_&\ 4
e Suppression s!muld scale with = *Qg&{,_ e +_gg _____ +
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Cold nuclear matter effects

* Nuclear PDFs (Parton Distribution Functions) L5 anishadowing  Fermi. m
« Color Glass Condensate (CGC) - Gluon T o
saturation 3 ;
— high gluon occupation numbers can affect production ff L0
* Cronin effect Z
— broadening of pr spectra due to NN interactions in g M
nucleus Z E shadowing
* Nuclear absorption "0z [
— disassociation of a bound state passing through a ! l |
nucleus 10° 10° 10" 1
« Parton energy loss r
— elastic scattering when moving through the nucleus o e
before hard scattering 1ol o
« Comover absorption 3 e
— hadrons propagating together with the bound state NG

interact with it

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
F reweighted nCTEQ15 (Lansberg et al.)
I [ reweighted EPPS16 (Lansberg et al)

I EPS09NLO + CEM (Vogt et al.)
0.2] === Energy loss (Arleo et al)

| = Transport (Zhuang et al.)
| | | | | | |

CMS/ | 9;“—4‘”‘—3“‘‘—2””—1””0”“1““2””3””4“”5 *’;e
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Charmonia and comover effect

PHENIX Phys. Lett. B 749 (2015) 98-103 Phys. Rev. C 105. 064912
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> > <I\Icoll> <I\Icoll>
More comovers More comovers

e What about charmonia? - weakly bound excited state
e Should be more sensitive to comover effects

e |Initial studies performed in pAu, dAu, pPb vs Nco inconclusive
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Recent measurement

—JHEP 04 (2024) 111 2 JHEP06(2023) 147
| ! L
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e LHCb measurements - rapidity dependence of excited state suppression?
e ALICE measurements - study dependence on comover density directly

e Interpretation limited by large uncertainties in both cases

e Comover effect expected only for prompt charmonia
 Need prompt/non-prompt separation!
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Analysis range and observable of interest

e : O (29) n/o']/tp n
1 Normalised 0 (5q) , /0 = i), :
25 lp( ),n ]/lP,n En o,lp(zs),n/ Zn O,J/lp’n
20 High . .
pTg  Normalized ratio cancels
pT s acceptance, shadowing effects
 Dimuon range is limited by the
10 single muon acceptance
O p—— CMS simulation s
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https://arxiv.org/abs/2404.17377

Invariant mass peak

CMS Preliminary pPb 175 nb™" (8.16 TeV) CMS Preliminary pPb 175 nb™" (8.16 TeV)
:\ I T T T ‘ T T T ‘ T T 1 ‘ T T T T 1 T ‘ T T T ‘ T T T ‘ T T T I \: [T I T T T ‘ T T T ‘ T T T ‘ T T 1 T T T ‘ T T 1 ‘ T T T ‘ T 1 T I T_]
pr_ - Far-backward ¢ Data " Forward ¢ Data 1 e
B — Total fit ] B — Total fit i
- = - r L e Background | —~ Ly Background | |
Lab rapidity () ()] Lab rapidity
= 3<p.<30GeV = 3<p_<30GeV
o T L0 T
Z 10 -2.865 < You < -2 (Pb-going)i g 10+ 1< You < 1.935 (p-going) _|
[} o
> Tl >
o [ Tl ST
)/ " | i J) v
y (29) 1 i v (2S)
Il I Il Il Il ‘ Il Il Il ‘ Il 11 ‘ Il Il Il ‘ 11 Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il I Il Il I Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il 11 ‘ Il Il Il ‘ Il 11 ‘ Il Il Il ‘ 11 Il I Il
26 28 3 32 34 36 38 4 4.2 26 28 3 32 34 36 38 4 42
M, (GeV) M- (GeV)

« Clear J/yand v (2S) peaks in both forward/backward regions
* Analysis mainly limited by statistics

« Separation of prompt and nonprompt components with proper decay
length

Cms. | S’

o Wl
o T &
) lﬁA é
%, &
O

Marionw

Hyunchul Kim (Chonnam National University) — HIM 2024/06 meeting, Jun. 21st. 2024




CMS Preliminary pPb 175 nb™ (8.16 TeV) 20
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Normalised ratio (Backward)
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Normalised ratio (Mid-rapidity)
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Normalised ratio (Forward)
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CMS Preliminary pPb 175 nb™ (8.16 TeV) af
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Normalised ratio (Forward)
CMS Preliminary pPb 175 nb™ (8.16 TeV) af
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High pr vs. Low py

High pr

Far-backward Forward
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Hint of stronger
dependence for prompt in
Pb-going side than in p-
going side

— Limited by statistical precision




Combined high-p; results

1 6CMS Pre//m/nary pr175 nb (816 TeV) 1 6CMSPre//m/nary pr175 nb (8.16 TeV) CMSPrellmmary pr175 nb(8.16 TeV)
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Dependence similar for : : : : :
P Combine all regions Add slope for inclusive y¢), bin

all rapidities

« 5.90 deviation fron flat line for prompt

« Observation of multiplicity dependence of 6 s) / 54, in pPb
* No clear rapidity dependence

* Nonprompt measurements consistent with zero
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Comparlson to ALICE results

o5 CMS Prellm/nary pr 175 nb (8. 16 TeV) o5 CMS Prel/mlnary pr 175 nb (8. 16 TeV)
i IncIusnve ALICE pr V_ 8.16 TeV i i Incluswe ALICE pr F 8.16 TeV 1 el
- + -4.46<y_ <-2.96,0<p_<30 GeV + 2.03<y,, <4.03,0<p <30 GeV )
| O = ol + Prompt : CMS, pPb |s, =8.16 TeV z ol Prompt : CMS, pPb \(S—NN =8.16TeV | | —"
= B i 2 - [ ] -1
P ey %B i -2.865 < You < -2,3< p, < 30 GeV 2‘5 1< You < 1.935,3 < p, < 30 GeV ] 1
Far-backward - | o . — Forward
s 1.5 - - 1.5
(0] B o) |
N B N
s s T
£ - £ _
o 1 o 1
Z i > -
0.5 0.5
0O o5 1 15 2 25 3 35 4 0 0.5 1 15 2 25 3 35 4
corr. corr. COIT. COFI’
Ntrack/<Ntrack MB N /<N

rack =" rack”MB JHEP 06 (2023) 147
« CMS prompt data vs. ALICE inclusive data (prompt + nonprompt)

* Ycm @nd pr ranges slightly different but results are consistent within
uncertainties
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Comparison to theory

16 CMS Prellmlnary pr 175 b’ (a 16 TeV) 18 cMS Prellmmary pr 175 b’ (3 16 TeV)
or L L - or L 3
- 6.5<p <30GeV . - 65<p <30GeV . .
1.5} ) = 1.5 i ™
“F -2.865 < You < -2 . T 1< Y. < 1.935 ]
—| B 0—3, 1.4H ¢ Prompt — Comover model ] o%} 141 ¢ Prompt —Comover model |
7 Labrapidity \g‘ 1.3 ;— PLB 749 (2015) 98 \g‘;‘ 1.3¢ PLB 749 (2015) 98 "7 Labrapiaity
Far-backward o 1.2F . o 1.2 = Forward
g 11 1 R 3
‘® = . © = ]
£ ] ) = £ 1= =
o - E+] . o - ]
Z 0.9F $ E Z 09 E
%8 Pb-going F °®t p-going E
0 7 _[ o - l I I ) I I | I I ) I - l ) l B - — . 0 7 = 0 - l ) I l ) l I - [ - l_
Y 0.5 1 1.5 2 2.5 3 3.5 Y 0 5 1 1.5 2 2.5 3 3.5
corr. corr. Ccor corr.
Nirack/ <Ntra::k MB Ntracrk/ <Ntra::k MB

« Comparison to model including comover interactions
 Reasonable agreement in p-going side
* Less suppression in Pb-going side compared to model
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Partial summary

* First observation of multiplicity-dependence of prompt ¢ .5 / 5y, in pPb
* Nonprompt ratio consistent with unity
« Hint of rapidity dependence at lower py

« Supports picture where suppression increases with comover density
« Data constrain hadronization models of charm hadrons in small systems

CMS Preliminary pPb 175 nb™ (8.16 TeV)
165 'P'“')r'n'pt' S I I L R R » o CMS Preliminary pPb 175 nb (8.16 TeV) » o CMS Preliminary pPb 175 nb™' (8.16 TeV)
E ] - UL UL LU LU B T - L L L L U L AL L
155_ 6-5<pT<30 GeV ® -2‘865<ycm<-2 —E of 3<pT<6.5 GeV B ok 3<pT<6.5€eV
= 14F 2<y  <-1 = - -2.865<yCM<-2 | g 1<yCM<1.9o5
S5 F i CcM ] > 1.81 > 1.8f
SN S | ¢ <y, <1 E i " ¢ Prompt ¢ Nonprompt i - ¢ Prompt ¢ Nonprompt
g ¢ 1<y <1935 3 16F 3 16F g
° 1.2~ = o 141 o 14 E
[ ERRIS @ 3 E 1.2 § 1.2} =
© - R 1 = © o © -
E A e g . £ g
o o ! ] - - .
Z 0.9F E 2 08} S 08} ]
: 0] 0.6F 0.6[ B
0.8 - . F
07:“'l‘“'ll'“l"”l""l""l“': 0.4(;.“ 0-46‘ 015 ; ‘115H‘2HU25 213 3.5
o 0 5 1 CO?T 5 COrr2 2 5 3 3 5 NCO"'.(/<NCOIT. >
. . t
Ntrack/<Ntrack>MB track”™ MB

CMS/ | sl
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Several results for quarkonia and Heavy flavors
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Reconstruction of A, (lambda c) and D°

% A% reconstruction
» At > p*K-m* (BR ~ 6.23%)

pK*(892) » pK™n*  1.31%
ATTKT - pK™nt 1.08%
A(1520)n* - pK~ it 0.49%
Non resonance = 3.5%

¢ PID (dE/dx) used for
proton identification for
At in pPb

% Al reconstruction (pPb)
» A - KIp (BR ~ 1.59%)

- K~
» K » ntn~ (BR ~ 69.20%) DO 7
./
v
”
» DO reconstruction £ ot
P s \e\‘%

» D% » K~n* (BR ~ 3.94%) 7

¢ All possible combinations of three (two) charged tracks in an event are considered for pp
and PbPb
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Mass distribution of A. in PbPb

10° CMS 10° CMS «10° CMS
1.17p-6 <p_ <8 GeVic AL + AL 32-10<p_<125GeVic Al + A 9, 6}30 <p, <40 GeVic AL + AL
1 16EM <1 PbPb 0.607 nb"' bl <1 PbPb 0.607 nb"' 2 4f V<1 PbPb 0.607 nb’"
[ Cent. 0-90% (5.02 TeV) 30 Cent. 0-10% (5.02 TeV) "I Cent. 0-90% (5.02 TeV)
o 1.15F D b 2.2F
> ! . > 281 >
[0 [0 [0
2 1.14 2 220
2113 S 26 S138
a2 2 | 2
§ 112} s Data § 2al- :Data S 1.6F s Data
w - —-Signal+Background w -Signal+Background u>.1 F S|gnaI+Background
1.11F 1.4
- --Background 2ol --Background F- -Background
1.10f ’ 2rF
o * i
1.09'-1.111..:[ | | | 20 IS IPET TN TSN T TSN AT SNSN SN AU RT RN N VST AT AR A 10[ Pl EFETETErE BETT TS BFETATET S VR A AP E A A
> = 3
e S + ¥ e @ e — M — + * + = 2 *
=5 o o S vl S i s o ¢¢ — ¢¢¢", > ey . Tt °°o¢:*¢ L B it =5 LS MM S # ST i = L7 7 |
& _(2)2 > + * - ¢¢ e & D- :gv + ¢.. +4 + + D_ gg + % + P °.4‘ *
—-4F H H = i i i —4F ¥ 3
210 22 220 43 239 24 215 22 225 23 235 24 218 2.2 1226 23 235 2.4
2 .. 2
Mok (GeV/c) m k. (GeV/cY) Mok (GeV/c)
Low p in PbPb (0-90%) Low p+ in PbPb (0-10%) High p in PbPb (0-90%)
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Prompt AL R4,

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

1.4

[ R

0.8

0.6

04

0.2

IIIIIIIIIIIIIIIITIIIIIII

PbPb Cent.
* 0-90%
v 30-50%

m 0-10%
¢ 50-90%

AT+ A

10-30%

Global uncertainty

2

i

| ! 1 1 | | | | 1 l | | | | | | | | | l | | | ! |

(&)

CMS

10

15 20
D (GeV/c)

25

30

Q Larger suppression of A¥ production for
central PbPb collisions

Q R, 4 decreases from low p; up to ~14 GeV/c,
then increases for higher pr

Q) Similar trend to other heavy flavor

measurements.

but larger than D°

» D°R,, minimum atpr ~9 GeV/c

Soumik Chandra, SQM 2024

27.4 pb” (5.02 TeV pp) + 530 ub™' (5.02 TeV PbPb)

K}

~CMS

— = Prompt D’ lyl<1
-« Charged hadrons fn|<1

« D’ from b hadrons ly|<1
¢ B ly|<2.4

J/y from b hadrons:
¢ 1.8<|y|<2.4
+ |y|<2.4

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

2 3 4567810
P, (GeV/c)

Hyunchul Kim (Chonnam National University) — HIM 2024/06 meeting, Jun. 21st. 2024 29 859

4
20 30 40 100

16

X




&= Prompt A7 Rys

Soumik Chandra _ ,
Q Larger suppression of A¥ production for
PbPb 0.607 nb™, pp 252 nb™ (5.02 TeV) central PbPb collisions
[ + -
1.8 CMS Supplementary AL+ Al Q R, 4 decreases from low p; up to ~14 GeV/c,
16 2 then increases for higher pr
"I CMS PbPb Cent. (lyl < 1) ALICE PbPb Cent. (lyl < 0.5)
1af ™ 0-10% | 0-10% Q) Similar trend to other heavy flavor
E ® 30-50% O 30-50% measurements_ but |arger than DO
1.2 Global uncertainty CMS o
i ALICE » D°R,, minimum atp; ~9 GeV/c
< I S D NP RPN o
< 1.0 ' 27.4 pb’ (5.02 TeV pp) + 530 pb ™' (5.02 TeV PbPb)
R [ O { { 30-50% 16— CMS » D’ from b hadrons |y|<1
| e : _ . B* y|<2.4
0.8 B ’ |+ T &6 ' 14 o Prompt D’ |y|<1 J/.\u fron:lb hadrons:
C I , 12F « Charged hadrons <1 & 1.8<|y|<2.4
06 +- pocbaluncortainy 8 Ll OS
: l . t:::5
0.4f V | i o %:% B %—p
N ‘ “Lesse <+ .
i * ) 04 e 1_@%
0.2~ . 0-10% 2 s T
L1 1 1 J 11 1 | l L1 | M | l | I - l 11 1 1 I L 1 1
0 5 10 15 20 25 30 om0 2 3 45678 ;)(T) (Gevig) 30 40 100 .
P, (GeVl/c)
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pp 252 nb™' (5.02 TeV)

~CMS
: | < 1 pp
1.2 _hl ® Data
i — CR2 prediction
i o PLB821 (2021) 136622
|65 1.0 PLB795 (2019) 117
n i Global uncertainty: 6.6%
7 os8f
Z 0o i+
- [\+
+<Q 0 4F \
ol gt
2 ~— —— ®
i | 1 I | 1 1 1 I 1 1 1 1 I | 1 | 1 I | 1 | 1 | 1 1 1 1 I
2ol 5 10 15 20 25 30
2 (GeVl/c)
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7B Prompt A¥ /D in pp

Soumik Chandra, SOM 2024

< PYTHIAS+CR2 predictions consistent
with pp data for pr < 10 GeV/c,

systematically lower for p; range 10-
30 GeV/c.

¢ Catania model including both
coalescence and fragmentation
consistent with data for pr < 10
GeV/c.

model using statistical
hadronization approach and
including excited charmed baryon
states beyond the PDG describes the
data reasonably

19




Prompt At /D° in PbPb -

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

® pPp . O A% /DO ratio for PbPb is consistent
il 0-90% PbPb with pp data for p; > 10 GeV/c.
m 0-10% PbPb

» Coalescence process does not

PRL124 (2020) 042301 cHee ,
| 1.0 Cent. 0-20% play a significant role for high
Pr
Gl{)%aé;nceftainty L Model for PbPb collisions (0-20%
E’Ft))Pb 7°3 o centrality) consistent with data for
SR pr 10-12.5 GeV/c

o
(o))
1
|
N =

» Four-momentum conserving
- recombination mechanisms
®- » Excited charm baryon states

(AL +A)/ (D'+ DY)
o
(00
IIIIIIIIIIII

o
»

lllllllllli

beyond PDG.
0.2 F':é’»:::': ‘ O Ratio consistent with e*e™ for
"""""""" e higher p; region
0'0llllllllllll[lllllllllllllllllllllllll

S 10 15 20 25 30 35 40
pT (GGV/C) Soumik Chandra, SQM 2024 from coalescence 21
cMms,/| \£
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Coalescence? Fragmentation?

Coalescence: Combitaion of quarks close in phase space

Dc’b’—>h

LS

At gt R

Fragmentation
Coalescence

Fragmentation: Bréak up of.h"eavy-flavor quark as in e++e- collisions
(also expected in pp collisions)




2= Prompt A¥ /D° ratio in pPb

Saw’
dsu /ds ucd / uc
CMS Preliminary pPb 97.8 nb'(8.16 TeV) 1 CMS Pfeliminlafy : pPb 97-? nb" (8.16 Te\i)
N e L L L L L ] i L ' v v ' L v ' L LI LA v |
2+ Pb (5.02 TeV —
b 0 ! s o g [ ® pp ]
T O (A+A)/2Kq ® (Ac+Ac)/(D'+D) ] el ® PbPb0-10% & 5:02TeV
.% - v I<1 -146<y_ <054 ] | readnofodod @50 ]
= [ Strangeness Charm . © pPb 1 <Ny <35 1
O 08— ——r—— i pPb 185 < N, < 250 b
8 I —o——f— ] 0.6 !
£ I s ] o “
1 E — 1 -
Q 06 [0 ’_D_' —- \o o % 7 | + -
§, O e —— < 04l I .
e e oY |
0.2I— 3<pT<5GeV i 02_— * i i * * —-
[ L L l L A ' L l ' L L L l 1 L L 1 l 1 L L 1 l ' ] i * 7
0 50 100 150 200 250 - 4
Nofﬂine 0 PR T ST T AN TR ST TR WO NN SN SN NN S S S S S S

trk 10 20 30 40

* No significant multiplicity dependence p; (GeVic)
> < A% /DO ratio decreases with increasing pr
% Coalescence process saturates early for charm quark with  ** Consistent with pp and PbPb results
multiplicity

Soumik Chandra, SOM 2024 23

CMS ) 17*; E e/‘)
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In-medium energy loss of beauty quarks

Updated B+ measurement more precise Updated Bs measurement consistent
than calculations uncertainties at high pr with different model approaches
CMS Preliminary  pp 5.02 TeV + PbPb 5.02 TeV CMS : PTreIilmiInary pp 5.02 TeV + PbPb 5.02 TeV
’ 4:_ Ui B*, Cent. 0-90% 1 1.6 g
[ smeun DREENA-A o |1.5 <yj<24 - ]
B CUJET3.0 o lyl<24 i 1.4 =
1.2~ AdSICFTHHD - i ==TAMU B9 Cent.0-90% |
- (P) ] 1.0k CUJET30 o 1.5<|y|<24
S AdS/CFTHHD=const . ] I Bl DReenaa © <24
< f ] o T Giobal unceriainty: 339
< 0.8 — < B 1
o - . o 0.8 250
06:_ : '5 06:_ . e |--+l"' .l __5
0.4 3 0.4 — .
0.2F s 0.2F 2
0— PR T R 1 ! L N Ob PR T B L ! 1 T
10 Jhovanny Mejia Guisao
GeV/c 291 GeV/c
Py (GeVic) PAS HIN-21-014 Pr (GeVIe) 1RO Tues. 09:

CMS|
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Energy loss : Beauty vs. Lighter flavors

CMS Preliminary  pp 5. 02 TeV + PbPb 5 02 TeV

IIIII T T IIIIIII T IIIIIII T LI

1.6[D° Cent. 0-100% i B*, Cent. 0-90% ]
_-Iy|<1 o 15<|y|<24 ]
1.4}h*, Cent. 0-100% ° |y|<24 =
Suppression of B+ and B. similar to lighter hadrons re <1 B2, Cent. 0-90%
at high pr .25 o 1.5<|y|<2.4 5
'Global uncertainty [ iyl et ]
w mass/flavor-dependence of parton energy loss 1B -t —
< B ]
. o 0.8 =
Raa of fully-reconstructed hadrons from light to B x
beauty flavor from CMS 0.6 g
0.4 -
0.2F =
O:I 1 Ill | | | I | Ill 1 | L1111l Il | 1 1 l:
Jhovanny Mejia Guisao 1 10 102
HF&Q, Tues. 09: p, (GeV/c)  pas HIN-21-014
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Measuring the speed of sound in the QGP with

CMS
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Measuring the speed of sound in the QGP with CMS

2 dP d(InT) d(n{pr))

Cs= 1 = d(lns) d(InN.,)

« Speed of sound
depends on relation of
pressure to energy
density

— Sound travels faster in
O stiffer materials

+ C,is measured by the

Q O @ multiplicity and pt

CMs, | s,
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Measuring the speed of sound in the QGP with CMS

cms______ PbPb(0.607nb")5.02TeV
] 0255 p.>0 GeV, l<0.5 : —
. n l A .
[ e Data . : / « Correlation between
102y —- EEK’JZ’g?J:\ACS A 74‘: average p; of charged
o 1016F . . 4 1 particles and charged-
o F - Gardim et al. | ) . v e
< L : particle multiplicity
F 1.01F ¢2-0.241+ 0.002 (stat) + 0.016 (syst) 7,/ E .
£ F s (stal) (syst Yy 1 * Steep rising trend
[ >0 . .
1.005 | R : matching the
T 1 hydrodynamic model
: : : predictions
0.995 |- =
] (TRAJECTUM, By
0.8 085 09 095 1 1.05 11 115 1.2 .
N, /NC ! Gardim et al.)
oh “eh Fit to the
<p7t>% and N, : values in the 0-5% centrality class data

>1.14

cMs, |
! Hyunchul Kim (Chonnam National University) — HIM 2024/06 meeting, Jun. 21st. 202 }

5> @
r=

LA S

(e
A(WAY\ONA\“




Measuring the speed of sound in the QGP with CMS

CMS PbPb (0.607 nb™) 5.02 TeV
035 i ! | : : ¥ ! | L & E : | 2 ' g ¥ | : * & ' 1 J > — e Sl
. noninteracting limit ] . CSZ as a function of the
0.3 = effective temperature
i i (Teff)
0.5 1 < CMS Data in good
it I ] agreement with lattice
° 1 QCD,
0.2 219 + 8 MeV ;
\ ® CMS Ultra-Central Data ] and
0.15F Lattice Quantum Chromodynamics — * [t would be very
I TRAJECTUM Hydrodynamic Slmulatlon interesting to look at
- Nat. Phys. 16 (2020) 615 - lower energy data to
0.1 ) ] L L L ) | ) ) ) | ) )
150 200 250 300 350 map the temperature
= (p,)'/3) (MeV) dependence of the
The dashed line at the value of 1/3 corresponds to the upper limit for noninteracting, massless gas (““ideal gas") systems Speed Of Sound

Tefr : the initial temperature that a uniform fluid at rest would have if it possessed the same amount of energy and entropy as the QGP fluid
does when it reaches its freeze-out state, the point at which the quarks become bound into hadrons

Direct evidence for the formation of a deconfined phase at LHC energies nﬁ




Observation of double J/yw production in pPb

collisions
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Observation of double J/w production in pPb
e CMS Experiment at the LHC, CERN
g Data recorded: 2016-Nov-18 17:13:03.129280 GMT

Run / Event / LS: 285505 / 429487936 / 433 PAS HIN-23-013 SRS LR
e mEEE———— HF&Q, Tues. 14:40

CMS Preliminary pPb 174.6 nb ' (8.16 TeV
.

CMS Preliminary pPb 174.6 nb' (8.16 TeV
e e e R e

+ Data

== Total

Events / 50 MeV

Jiy Jiy

Events / 50 MeV

Background |

3.2 3.4 3.6
m)t'u 2 [GeV]

NUJ/Q J/P — 2 py*tp) = 8.5 = 3.4 events
Ofiducial(pPb — J/P J/Q) = 22.0 + 8.9 (stat) = 1.5 (syst) nb
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Introduction of the study

 High-energy collisions at LHC -> multiple interactions of protons and
nuclei’s underlying partonic constituents such as quarks and gluons

* Multiple Parton Interactions (MPI) -> simultaneous production of
several particles with large p+

* n high p; particle production probability id proportional to the nth-
product of the probabilities to independently produce each of them

* two high p; particle production in double-parton scattering — square of

SPS probabilities
‘@Q

@9/999 :
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Signal extraction

= : : 1OCMS Preliminag‘ pPb 174.6 nb™” (8.16 TeV) CMS Preliminagx pPb 174.6 nb’' (8.16 TeV.
Fiducial requirement E [ i E, : : ]
- 1 10 Data -

For all muons pr > 3.4GeV for0 < || <0.3 3 gL 18" —ioii ]
pr > 3.3GeV for03 < || < 1.1 £ : % 8F Laway

Pt > 55—20|T]| GeV forl.l< |17| <28 o 6 - o [ \ Background |

pr > 1.3GeV for2.1 < || < 24 _ : y5 :

For the two J/p mesons pt > 6.5GeV and |y| < 2.4 L B af .
eYield extraction 4 Y 2f '
*2D unbinned extended ML fit o _ | | || | | | 5 - (%2 N nuERREN
ecrystal ball function for signal S0 %3 v e T

Hu, [ LR L

*exponential for background . CMSPoimigy  oPb17asn'@16TY  _ oCMSPelmhan  oPb 17480 (816Tey
*up+up channel g 8 3 g i bous
*NJ/yi/p = 8.5 * 3.4 and 4.90 significance > B 1. % o

5 o 4. 2 [ T

*up+ee channel i , i 2 e /\. X\ Background
*Ny/gi/p = 5.7 £ 4.0 and 2.30 significance af 43_ | 1
*Total significance of 5.30 i / :
2; 2-_ I / -

1 ¢4 / §4\ ]

8.16 TeV — 174.6 nb"’ NNNNAN NS oBA AN

26 28 3 3.2 3.4 2.6 2.8 3 3.2 3.4 3.6

m,.. [GeV] m,., [GeV]

cms, | e ®
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Cross section measurement and systematics

eMeasured fiducial cross section to be determined > 10f:ms Preliminary ng174.6nb"(8.16TeV‘ > <::MS Preliminary ___pPb 174.6 nb"(8.16TeV_
from single-J/g MC-based efficiency in (pry) plane 3 I ] 2 fosa 4
- B R =7 [ == Total
oo(pPb = J/ylly + X) = Slg/(effmt.%w_w) g | £ 8 Zawwy
o 6F - o [ \ Background ]
econsidering only J/y—uu J/Yy—pu mode f : : o i
4-— — 3
Nygle = N, /e | ;’% 11
2 L
NSl is the per event signal weight ! 2; |
g otk .l!!ll!! iosssssnd
o' = €m4,1 ;m,2 is the product of the two J/y $o9958 2 3'2 e S S el m:':[ees]'e
efficiencies » , N
e =62.1% Source of uncertainty o(pPb — J/¢]/y + X)
]/ meson signal shape 4.0%
Dimuon continuum background shape 2.5%
Luminosity 3.5%
Branching fraction 1.1%
Scale factors 1.3%
Total 6.1%
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Partial summary

*First observation of the associated production of two J/y mesons in pPb at Vsnn = 8.16 TeV and
measurement of the fiducial cross sections

PP IWIVEX = 165 + 10.8 (stat) + 0.1 (systynb (P aY,——

SPS
.O-PPb_’J/'/’J/V"l'X =54+62 (stat) +04 (SySt) nb - CMS, Vs=13 TaV, Jy+Jp+Jhy Nai Phys. 19 (2023) 338
DPS — CMS*, \s=7 TeV, JAp+Jhp Phys. Rept. 889 (2020) 1
. L. -o- ATLAS, Vs=8 TeV, Jy+Jhp  Eur. Phys. J. C 77 (2017) 76
*extraction of geff lower limit o= DO, Vs=1.96 TeV, Jap+Jap  Phys. Rev. D 90 (2014) 111101
— DO*, Vs=1.96 TeV, JAp+Y Phys. Rev. Lett. 117 (2016) 062001
°Ou > 1.0mb at 95% CL o= ATLAS", Vs=7 TeV, W+Jhy  Phys. Lett. B 781(2018) 485
- ATLAS*, Vs=8 TeV, Z+J/yp Phys. Rept. 889 (2020) 1
eFuture pPb data will provide more accurate *——>___ 3;'—%51 9‘§=$e{,e¥;§7ctl—2*_]4:tv ';:;; 2"!5’5:;?2(5?;)7371:506
o extractions that can help clarify the observed - gg, Ejgg I:g gﬁ?fiet :’:g e gg:g; diin
. A .- DO, {s=1.96 TeV., y+3-jet Phys. Rev. D 81(2010) 052012
span of O.fr IN PP collisions. - CDF, Vs=1.8 TeV, y+3-jet Phys. Rev. D 56 (1997) 3811
—— UA2, s=640 GeV, 4-jet Phys. Lett. B 268 (1991) 145
P — CDF, Vs=1.8 TeV, 4-jet Phys. Rev. D 47 (1993) 4857
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CMS Run3
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Successful start of Hl run 3 period

CMS Integrated Luminosity, PbPb, 2023, /s = 5.36 TeV

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

- Run 2 (2018)
Hadronic A CCas
2000 2000 I Run 3 (2023)

1S, - LHC Dellvered 1979 69 ub !
=\ 1 CMS Recorded: 1822.71 ;b
CMS Certified: 1683.36 ;b '

Run 2 (2018
UPC _ Run 3 (2023)

# events / bl||l0n

1500 11500

Preliminary CMS Offline Luminosity 6 5 10 i 54

1000 11000
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500/ - 1500 1.683 nb-1 data is certified
In 2023, larger statistics of
OQ Q. c? c'c 6" o'c 6" 6" 0" 0" c’(. (5. 6" d(, d(. 0’(. dg, o hadronic and UPC data
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Date (UTC) — Expect more precise measurement
for UPC
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First results from run3 PbPb data (2022 test run, not 2023)

— 1 T T T T [ T T T T [ T T .Pb.PIb T S.NN. =. 5|.3.6 .-I-e.v 7 TTTT | T T T TTTTT | T T T T TTTT | T T T TTTTT |
1000— — " pp(pP)NSD Central AA  pA NSD CMS ]
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« Event generators not describing the data accurately
— important input to tune MC for Run 3
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Flow of LHC heavy ion program

Run 1 Run 2 Long Shutdown 2 Run 3 LS 3 Run 4 LS 4

PbPb 5.36 TeV
PbPb (6 nb-1) CMS Phase-2

(22 g\é)-*) 5.02 TeV upgrades
b p0/00 pilot run

PbPb (7 nb-) Phase-3
upgrades
pPb (0.5 pb-1) for Run 5+

(0.18 pb-1) 8.16 TeV Z. Chen, Tues 3:00

§§ 2019 2020 | 2021 2022 ::: 2026 2027 2028 :::EI

Timeline updated from Jing Wang's overview @ SQOM 2022

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
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March 23-27, 2026 (+March 22 student's day)

For coming HP, CMS is preparing interesting results
Stay tuned!
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