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CMS is a nice heavy-ion experiment

CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0m

el gl ey < Silicon Tracker
Maglic el o A0 ‘ SUPERCONDUCTING SOLENOID |Tl | < 2 .4 (< 3 .0 aftel' 2 O 1 7)
s Niobium titanium coil carrying ~18,000A .
S ¥ Electromagnetic

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers

Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers C alO rimeter
nl <3.0

),  PRESHOWER e .

~ ! Silicon strips ~16m* ~137,000 channels * Hadron Calorlmeter

d barrel and endcap

Steel + Quartz fibres ~2,000 Channels |"]| < 3 0

with HF-calorimeter up to
m| <3.2

CRYSTAL VN \ K b . v Mllon Chambers

s NN\ // | <2.4

~76,000 scintillating PBWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

+ CASTOR detector
-5.2<1n<-6.6

+ Zero-degree calorimeter
Magnetic field: 3.8 Tesla + TOTEM
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CMS heavy-ion physics results

153 published/submitted
Heavy-ion Physics CMS papers:

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN/index.html

...and also > 100
Heavy-ion Physics CMS preliminary results (PAS):

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN/index.html
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CMS heavy-ion physics results

* Global picture of heavy-ion collisions
- multiplicity,

- energy,

- flow, .. Pb+PDb collisions

2010-11:2.76 TeV 0.16/nb
 Hard probes 2015-18: 5.02 TeV 1.7/nb
- jets 2023-26 : 5.36 TeV

- dimuons (quarkonia)

CMS,~ | cMs Experiment at LHC. CERN
Data recorded: Sun Nov 14 19:31:39 2010 CEST

- charged hadrons R, ...

* ptp, p+Pb, Xe+Xe
— correlations

ptp 2.76,5.02,7, 8,13, 13.6 TeV

, p+Pb 5.02,8.16 TeV

— JetS, s Yot Xe  5.44 TeV

- flow,

NEW! p+0O, O+0O, Ne+Ne — July 20235
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Long-range (2 < |An| <4), near-side (A¢p = 0)

“i Correlations: “RIDGE” is everywhere...

angular correlations were observed in high multiplicity p+p and p+Pb
collisions (as well as in Pb+Pb)

ptp 7 TeV p+Pb 5.02 TeV

- offlfe
CMS pPb \(5, = 5.02 TeV, NJ >110
1<p, <3GeV/c T

(d) N>110, 1.OGeWc<pT<3.UGeWc
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JHEP 09 (2010) 091 PLB 718 (2013) 795
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Pb+Pb 2.76 A TeV, 0-5%

3) cMs JLdt=3.1ub’1

=5
Sy

JHEP 07 (2011) 076
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we (P interactions within ultra-peripheral
p+PDb collisions

vp enhanced
CMS 2 <Ny, < 35, |5, = 8.16 TeV (68.8 nb™) 102 CMS YSay = 8.16 TeV (68.8 nb™)
! ) FE 2 A T L R ) L

0.3 <p, =3.0GeVic < 025 T I PR pa
i _g F='Vy 03<p <3.0GeVic
=2 024y,
g E i
> 023" Va
© F — Fourier Fit
0.22

E & CMSpPb

IAn| > 2.0
: e 2 <N, <35
0-17—_..|....|....|....|....1. i e

T 0 1 ) 3 4
Ad (radians)

Minimum-bias

cMs 2 <N,, <35, sy, =8.16 TeV (68.8 nb™ 10 CMS Sy = 8.16 TeV (68.8 nb™)
0.3<pT<W o (5B T T
< "L -y, 0.3<p. <3.0GeVic .
g = 9 b s A g
o g2 ) ) S 0148 2
& Z [ 5
< -~ - = [ — Fourier Fit
2 o003f- gl 0146 4 cMs pPD
g ' B
=z 1.4 0.144f
%, 00284 .
= 0.142f
'Z 3 r |An| = 2.0
L
%o'- 0.14k 2<N, <35
PLB 844 (2023) 137905 s -"—'1""6'""1""2'""5,”";1"'
An A¢ (radians)

The single particle flow coefficient v (p,) is larger for yp-enhanced events than

| for minimum-bias collisions. But we don't see “ridge” here!
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Charged particle multiplicity
CMS results Run 3




chh/dn
CMS results Run 3

5.36 TeV Pb+Pb data
from 2022 test heavy-ion run §

= I Cent. 0 - 80% ]
Monte Carlo generators try to - CAMET (ot motny
predict both magnitude and 200r EVDUET R
ShapeOdech/dn _:::}::::I::::}::::I::::I:::_

© 1.2¢

S B

Z 1F

O -

PLB 861 (2025) 139279 = 08F
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Reaction
plane

(contains the
impact parameter)

participants

=x* defines ¥r

Non-central Pb+Pb “screen shots” from CMS Event Monitor:
Electromagnetic, Hadronic Energy and chs nwwl particles tracks

~ _—— ".r-
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& v, vs. p_in XetXe and Pb+Pb

PRC 100 (2019) 044902

CMS 1.0 <p*' <3.0 GeVic
&_0022_ ‘ Centrality: 0-5% 5-10%f 10-15%F 15-20%
Zo5F . e . ° .
=< o.1f 2 " °s 3 ®e
9Lo.o5f—ﬁtmﬂaa ¥, Seaf =e “
SR a et : 5
of : :
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U“-z' “ ez e © o feowm 7
T e @ e e
0.25F - - E 131,30
Bl Je =1 40-50% | 50-60% 60-70% o Koeon
o 02¢ e%% 3 ooey - o o [ ®XeXe \s, =544TeV
=015F UEE aﬂa' Eﬁﬂgl:l;
< o4f = - - 2 PbPb \s,, = 5.02 TeV
So05F -
Z of : .
0 2 4 6 8 0 2 4 6 8 0 2 4 & 8 0 2 4 s B
P, (GeV/c) P, (GeV/c) P, (GeV/c) P, (GeV/c)

The magnitude of the v, coefficients for Xe+Xe collisions are larger than

those found in Pb+PDb collisions for the most central collisions.
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Ratio of XeXe/PbPb vA2, IAnl >

Ratio of hydro/data
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@ XeXe/PbPb
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Sergey Petrushanko CMS Heavy-lon Overview

Integral v_in Xe+Xe and Pb+Pb

CMS-PAS-HIN-24-004

v (XeXe) > v _(PbPb) till ~20% centrality

- Sensitivity to elliptical deformation of Xe
nucleus

Best match of final-state
[P-Glasma+MUSIC+UrQMD hydrodynamic
prediction with parameter set (a)
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Ratio of XeXe/PbPb

Ratio of hydro/data
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CMS Preliminary _ PbPb 2 piy" (5,36 TeV) + XeXe 3.42 " (5.44 TeV)

H 05< p, < 3.0 GeVic

a nl <2.4

- ® XeXe

— O PbPb “
= ....... w%@&&% & Q ®

C Dil o® ® &

P Jei ®» o

® o °
@ O

= Te [ e

® XeXe/PbPb O ™
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Xe-(a)/Pb
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— TRENTo-IC : Xe-(a)/Pb |
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wie  Integral v, in Xe+Xe and Pb+Pb

CMS-PAS-HIN-24-004
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v (XeXe) > v (PbPb) till ~40% centrality

- Sensitivity to elliptical deformation of Xe
nucleus

Best match of final-state
[P-Glasma+MUSIC+UrQMD hydrodynamic
prediction with parameter set (a)




v {4} /v {2} Xe+Xe and Pb+Pb

CMS-PAS-HIN-24-004

v {4}/v {2} (XeXe) <v {4}/v_{2}(PbPb)

- greater flow fluctuations for XeXe
- largest deviation in most central region

CMS Preliminary PbPb 2 nb™' (5.36 TeV) + XeXe 3.42 ub™" (5.44 TeV)
LA AL N L R B AL B B B S A B L B B B A B

. IP-Glasma+MUSIC+UrQMD |
e Xe-(a 0.5<p_<3.0 GeV/c]

[ Xe-(d Il <2.} ]
of = TRENTorIc e o gg;fg - - Best match of final-state |
e e [IP-Glasma+MUSICHUrQMD hydrodynamic

1 prediction with parameter set (a)

See talk by Danila Myagkov
on comparison with HYDJET++ model
Sergey Petrushanko CMS Heavy-lon Overview 15
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“ Net-charge fluctuation in Pb-Pb collisions
CMS-PAS-HIN-22-005

CMIS. Pre/llm/narly . PbIPb (pp)O .6.07. (.2.5.2) nb . I(? .0.2lTeV) CMS Pre/iminary Pbe (pp) 0.607 (252) nb', (5.02 TeV)
- AN 1 1 rrrrr 19
1f , POPe 2 ppan-4s S - 05<p <3.0 GeV .
L :Azi'l.G & PYTHIAS An=4.8 -A?]Z'I:G ] 0__ .""-.--.. _.
[ 1 An<48 -An<438 - E~|§| o [of IEI IcCE - <ok.ol.[s], Jo -
oF - MR -
e [E> — € -1 H - N -
. S H S S :
i -1 ] e ——— | < L (m] ~~—~_ -
> o~ = = "B 2 - - ]
e L e . ol -
-3 ‘e m - =° ! "a ".. - 1
~ _2._ B o H H_. ~ B O & ' e -
- i L $pp - ]
e ' [ #7080% @@Hﬂ@_
_ @ o

=3[ w A H H' I 430-40% = *HIJING 0-5% ]
0.5<p_<3.0GeV ] i $05% = HYDJET 0-5% I

_ ol b b by ey ]

0 50 100 150 200 250 300 350 400 0 1 2 3 4 5

(N__. 7> An
“ part .
Net-charge fluctuations differ between QGP and hadron gas phase
We see the signature of QGP
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“w Hard Probes for Quark-Gluon Plasma

/'Y/ A Electroweak Bosons

27%1\/1?37 Sergey Petrushanko CMS Heavy-lon Overview 17



“w Hard Probes for Quark-Gluon Plasma

Y/Z Flartrnweaal Rncnng

PbPb measurements
RAA -
. pp reference
#of NN y
scatterings ° ;
P 1
b 5 c c b B | [ c c
y V:
D, B
27%1\“3, Sergey Petrushanko CMS Heavy-lon Overview 18



J/y suppression in Pb+Pb

EPJ C 78 (2018) 509

PbPb 368 ub™ (5.02 TeV) PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)
_I T T | TT 1T | T T 11 | T T 11 | T T 11 I T T 11 | T T 11 | T T 11 | T 11 |_ < _I T | TTTT | TTTT I TTTT I TTTT | TTTT | TTTT | TTTT | TTTT I TTTT
1400F 15 <1y™| <24 cMms 1 £ 14 Prompt J/y CMS
[ 45 <p " <55GeVic i L |yl <2.4 |
~"1200E .t 0-100% p 1.2 Cent. 0-100% .
S i i i ]
3 10001, pagg ] 1t -
O - — Total fit . - m \[s,,,=5.02TeV =
L - — Prompt J/y ] B NN 7
S 800_-.-.Jhp from b hadrons _ 0.8 o \[Syy = 2.76 TeV ]
o - 1 Background . - NN -
~ 600 . 0.6/ E -
= | . | | -
= i i - ]
: * f | _
200¢ N 0.2 -
O_I — | o | L | S | L | S | S | S | — I_ O:I | | 1111 | 1111 | L 111 | 1111 | L 111 | 1111 | 1111 | 1111 | 1 11 I:

26 27 28 29 3 3.1 23.2 3.3 34 35 0 5 10 15 20 25 30 35 40 45 50

m,., (GeV/c?) pT (GeV/c)

J/\ mesons are observed to be suppressed
(similarly in 2.76 and 5.02 TeV)
270 JMI'Y
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PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)

< _I T I | | T T T I | T T T T | I T T T I [ I | T | T T I I_
m< 1.4:_ Prompt J/\|I CMS —:
B <24 i
1.2 o ]
i B
- @ Cent. 0-10% ==
- & Cent. 10-30% B
0'8; 4 Cent. 30-100% | F -
0.6 W -
0.4F .
: W * .
0.2 ]
O: | | | | | | | | | | | | | | | | | | | | | | | | | | |:
0 5 10 15 20 25 30

p. (GeV/c)

ke

<
<
o

J/y and y(2S) suppression in Pb+Pb

EPJ C 78 (2018) 509

PbPb 368 ub™, pp 28.0 pb™* (5.02 TeV)

_I | | T T T | 1T 1T | 1T T T I 1T T T | | I_
1.4 Cent. 0-100% CMS _
- lyl<1.6 ]
1.2 ]
1 :
- m Prompt J/y -
0.8 e Prompt y(2S)
0.6 =
- = Z
0.4 - - ]
O:I 1 1 | | 11 1 1 | 11 | 1 | 11 1 1 I [ I 1 1 | I:
0 ) 10 15 20 25 30
p. (GeV/c)

* Increasing suppression for increasing centrality
* y(2S) is more suppressed than the J/\v meson (different binding energies)

Sergey Petrushanko CMS Heavy-lon Overview
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Upsilon suppression in Pb+Pb

PRL 133 (2024) 022302

%10° pp 300 pb™' (5.02 TeV) %10° PbPb 1.61 nb™ (5.02 TeV)
:I LU 1 T 1T T T 1 | 1 T 1T I 1 T 1 | LI I: T T T I T T T | T 1T T | T T T | T T 1 | T T T
200§Y(1S) CMS - 10 FCMS p.<30GeV/c ¢ Data |
180F Supplementary - Y(1S)y| <24 — Total fit A
— - 1 &~ i Centrality 0-90% ---- Signal |
¢ 160F p, <30 GeVie B O gk 3 == Background _|
> 140 <24 ¢ Daia E e
2 | 2 S 22/ ‘
o 120:— —T<.)talf|t e o 6L %’ 2_ _|
b 100:_ -+« Signal _: b : @ :
P - Y(ZS) -.= Background - — - » 1.8r .
£ 80p T2 4t VS | | T
S so- E - ' CREL S S ..
L 5 ] > Rl AR : : 6
40 i s S i m,, (GeV/c?) A
. . . ar Y(@3S) .
20 i = B .
O_J..l..a.n-'i'.l L.dg“‘::.l"ﬂo.l YT BT T S A R A S A O i | L..I..i:'l“.:. | J:“:‘o:]“”b"h T T T ]
8 9 10 11 122 13 14 8 9 10 11 12 13 14
my, (GeV/C ) mW (GeV/CZ)
* Observation of sequential suppression of Y family in Pb+Pb.
* First observation of Y(3S) in heavy-ion collisions! (¢ > 5)
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Upsilon suppression Pb+Pb

PRL 133 (2024) 022302

T T T T1 |P|t|)I?P| 1 |6|1| |n|b|-‘:, |F|)p| |3|0|(|) |p|b|--: §E|)|O|2| |-r|e|\|/) PbPb 1.61 nb-1’ PP 300 pb-1 (502 TeV)

| ] i B T T T T | T T T T | T T T T l T T T T | T T T T | T T T T |

1.2 p.<30GeV/c CMS T 1120 <24 CMS
[ _lyl<24 I ] - Cent. 0-90%

Y(1S) (2015 PbPb/pp) Y(1S) (2015 PbPb/pp)

1 _ """"""""""""""""""""""""""""" ] e =
0.8 —:— - 0.8k _
< L [®] Y(2S) i < . [®] Y(2S) i
Ay 1 _ - ]
0.6 Y(39) ] 1 Tosf Y(3S) )
H'] ] ] - ;
0.4 L) +TH 1 o4apEElt ¢ N
- % [¢] (@] LI | :+ i
ool ¥, T o .
: | Im " | IIll Il:g:I | * | N | I i * ] = ‘ : : ]

| 1 111 1 111 1 111 | | 1 11 1 | | 1 111 | | I | | I N | | 11 1 1 | L1 1 | | | I | | | |
%50 100 150 200 250 300 350 400 % 5 10 15 20 25 30

(N p. (GeVic)

« R  is decreasing with numbers of participants of Pb+Pb collision.
o Slightly increasing with p_?
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Upsilon suppression in p+Pb

PLB 835 (2022) 137397

x10° pp 28.0 pb™' (5.02 TeV) x10° pPb 34.6 nb™! (5.02 TeV)
: L | L | L | L | L | LI : : L | I |.l LI I L | L I L I L :
8F Y(ls)# pi* < 30 GeV/c CMS - 1.8 i pM<30GeVic CMS -
- M 103 3 - ™ <1.03 -
—~ Y- ¥ e |~ 1.6 Y(1S) & Ve :
© 6 C p# >4 GeV/c - O 14F pi >4 GeV/c —
s K 1 3.0 :
G 5 | <24 1 812k ez -
;; 4 g + pp data E ; 1 Jr ¢ pPb data -
~ 7F Y(2S 1~ qaf — i .
_g . i (25) — Total i ] "g 0.8 + . 'El;otakl fit d .
— ~ n S2YQ2S) ackgroun ’
E - Y(39)..... Background . L% 0'6:_ ! ( ) B
2 . — R \ -
E E 0.4_— : ]
5 A | - 0 2Lpt®™ T .
0 B I I Ny ‘l',lrl L I»:\{_..J‘llf\ J“I 1 | | I I | | 1 1 | I L1 1 | : 0 I I | | 11 1 | I L1 1 | | I | I I I | I 11 1 | :

8 9 10 11 122 13 14 3 9 10 11 12 13 14

My (GeVic?) m,-, (GeV/c?)
All Y states are found to be suppressed in p+Pb collisions
compared to p+p collisions.
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PRL 133 (2024) 022302

PbPb, pPb, pp (5.02 TeV)

12 Ryl <193 CMS - Ordered in binding energy
- BRIy, <24 Supplementary §  RpPb Y(1S) > RpPb Y(2S) > RpPb Y(3S)
1_ __________________________________________ —
- p, <30 GeVic
g08- o ] . e
! 1 Largest suppression is in Pb+Pb
g 0.6 l Rppb > RpbPb
o 0 : p p
0.4_— @ ]
0.2 .
o: | B | ® New result for Y(3S)
Y(1S) Y(2S) Y(39)
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¥ v, of J/y in Pb+Pb collisions

JHEP 10 (2023) 115

015|||||||| """"""""""""

-Cent. 10-60% PromptJ/y  Nonprompt Jhp—; 6.5<p, <350 GEWC CMS
O16<ly|<24 016<|y|<24 ] lyI<24

0.1 olyl<24  4lyl<24

oy 0.05§$¢M:+:i ; “ T # E+] $

Pbe 1 61 nb (5 02 TeV)

_....I....I....I....l., |||1]“PIT)|':]I/|\I|’||I||||I||||I ||||||||
0 10 20 30 40 500 50 100 150 200 250 300 350 400
o (GeV/c) (Npart>

- Large v_ of J/y up to p_ =350 GeV/c
v (b — J/y) < v (prompt J/y)
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- v, of J/y in Pb+Pb collisions

JHEP 10 (2023) 115

Prompt J/y CMS
oL P Jw i g

>’ 0.05F -+ .

070720 30 20 500 50 100 150 200 250 300 350 400
p, (GeV/c) (N_)

- First measurement of v_ for prompt and non-prompt J/\y separately
. No significant non-zero v, (J/w)
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& v, and v_of y(28) in Pb+Pb collisions

JHEP 10 (2023) 115

Prompt y(2S

p\II( ) Pbe161nb(502TeV)
041 F Cent. 10-60% PromptJ/y  Prompt w(2S) T 6.5 < p, <50 GeV/c CMS E
03—_ O16<|y|<241116<ly|<2.4F V<24 E
- ®lyl<24 ®lyl<24 + ]
0.2F | ES E
N C I ]
> o + Ed E
e S I+ ** 7 - :
OF — - == m oo -
~0.1F + :
E::::{::::}::::I::::I::::{E;{HH}HHIHH{HH{:H:IHH}HH{HHE
0.3 EY g
0.2f - :
. o1 T -
> 1 5
Op ="~ r E Ao = U
o + | | -
-0.1F + -
T - T
0 10 20 30 40 500 50 100150 200 250 300 350 400

p, (GeV/c) (Npart>

. First measurements for prompt y(2S) !

o v is non-zeroin p_ =4 -350 GeV/c, v_is close to zero
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¥ v, of Y(1S) in Pb+Pb collisions

PbPb 1.7 nb™"(5.02 TeV)

0.2 | |
[ p.>3.5GeVic CMS
-~ Cent. 5-60 %

0.15—
I Y(1S) Inclusive J/y
. @ |y[<24 W 2.5 <y <4 (ALICE)

0.1 O 25<y <4 (ALICE)

* .

L
—8—
] | L1 1 1 i 1 1 1 | 1 1 1 | | 1 1 1 | I 1 1 1 |

= .
0.05—
. C
oL--- B] [ ———————————————————— ol

- <)

0.05-
i |
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In contrast to the J/yv mesons,

no azimuthal anisotropy is observed for the Y(1S) in Pb+Pb...
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¥ v, of Y(1S) in p+Pb collisions

CMS pPb 186 nb™ (8.16 TeV)
0.1 5_ 1T 1T 1 | 1T T 1 | 1T 1T 1 | 1T T 1 | 1T 1T 1 | 1
- $Y(1S), pPb 8.16 TeV (70 < N°, "™ < 300)7
01k *Y(1S), PbPb 5.02 TeV (Cent. 10-90 %) T 1
[ o 1 _
_ 0.051 -+ -
- T
- I i | _
N o so— e,
M | | :
-
I I | | I I | | I I | | I I | | I I | | |
0 10 20 30 40 50 0-30
PLB 850 (2024) 138518 p. (GeV/c)

... and also no azimuthal anisotropy for the Y(1S) in p+Pb !
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HUHAP

 W(2S)/J/y vs multiplicity in p+Pb collisions | i

arXiv:2503.02139

CMS pPb 175 nb™' (8.16 TeV)
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HUHAP

= Jet quenching in Pb+Pb

PRC 84 (2011) 024906
PLB 712 (2012) 176

AT CMS/ |cms Ex nt at LHC, CERN
— Data re

E, (GeV)

.... N
100 4 pr:205.1 GeVic
80 -
. Subleading jet

pp

« Asymmetric dijets observed more
frequently in PbPDb collisions

* The stopping power (dE/dx) of the Quark
Soup is Incredibly Strong
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HUHAP

« Azimuthal anisotropy of di-jets in Pb+Pb

JHEP 07 (2023) 139

0.08 . N . i _ N -
- |® | Dijet v, ¢ | Dijetv, ant-ky R=0.4  t [%] Dijet v, CMS
0osk ¥ CMS charged hadron v, B |njet| <13 i
: Py >20 GeV, jn <1 : p, >120GeV [ PbPb ysy =5.02 TeV, 1.69 nb’
0.04f x ® p., >50GeV [
> A e [ Ap. | > 2L [
@ 002 @& - AP, > l
a +
Y S o S S S I SO
e \ ¢ +
002k Factorization region: - i
I 0.7 < Hadron P, < 3 GeV [
—0.04 ! ! - ! ! - ! !
0-10% 10-30% 30-50% 0-10% 10-30% 30-50%  0-10% 10-30% 30-50%
Centrality Centrality Centrality

v, V. and v, of the di-jets in Pb+Pb were measured for the first time
e Di-jets v_is compatible with v_of high p_hadrons

« Di-jets v, and v _are consistent with zero
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HUHAP
Mry

First measurement of energy-energy
correlator of jets in Pb+Pb

arXiv:2503.19993

angular _ > >
Ar; = \/ A2+ An?

distance y

1.70 nb”' PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)

I gM§ 120 < jet p_< 140 GeV
t
HppiEmenaly anti-k; R = 0.4

[ e, m 1<1.6
. - jet
= e ps">1 GeV
- +:+ n=1

- Free e

"hadrons TR

l Xﬂr

N +
- e X
- [+ PbPb 0-10% -

11 | | | | | | | | |
1072 10~

Ar

weight Wy = PriPrj

First jet energy-energy
correlator measurement in
heavy-ion collisions

Different scales of jet
evolution reflected 1n angles

Similar peak shapes in PbPb

Additional scales in medium,
¢.g. color decoherence angle
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N.... First measurement of energy-energy
correlator of jets in Pb+Pb

arXiv:2503.19993

1.70 nb" PbPb (5.02 TeV) + 302 pb™” pp (5.02 TeV)
120 < jet p. < 140 GeV
anti-k; R=0.4
Inietl <1.6

Reveal different QGP effects
on angular scales
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Nice overview of (almost) all
CMS heavy-ion results

Phys. Rept. 1115 (2025) 219

Physics Reports 1115 (2025) 219-367

Contents lists available at ScienceDirect

PHYSICS REPORTS

Physics Reports

journal homepage: www.elsevier.com/locate/physrep

Overview of high-density QCD studies with the CMS )
experiment at the LHC e

The CMS Collaboration'

CERN, Geneva, Switzerland

ARTICLE INEO ABSTRACT
Article history: We review key measurements performed by CMS in the context of its heavy ion physics
Received 17 May 2024 program, using event samples collected in 2010-2018 with several collision systems

Received in revised form 19 November 2024
Accepted 21 November 2024
Available online 13 January 2025

and energies. These studies provide detailed macroscopic and microscopic probes of
the quark-gluon plasma (QGP) created at the LHC energies, a medium characterized by

Editos Gitdi s the highest temperature and smallest baryon-chemical potential ever reached in the
itor: Giulia Zanderighi . : :
laboratory. Numerous observables related to high-density quantum chromodynamics
Dataset link: CMS data preservation, re-use a (QCD) were studied, leading to some of the most impactful and qualitatively novel results
nd open access policy in the 40-year history of the field. Using a dedicated high-multiplicity trigger in the first
270 | MT'Y .
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Preparation of the
CMS heavy-ion program

LABORATOIRE EUROPEEN POUR LA PHYSIQUE DES PARTICULES  CERN/LHCC 2007-009
CMS TDR 8.2-Add1
CERN EUROPEAN LABORATORY FOR PARTICLE PHYSICS 5 March 2007

The CMS Collaboration

D. d'Enterria, M. Ballintijn,

M. Bedjidian, D. Hofman,

O. Kodolova, C. Loizides,

I. P. Lokthin, C. Lourenco,

C. Mironov, S. V. Petrushanko,
C. Roland, G. Roland, F. Sikler
and G. Veres (editors)

"CMS Physics Technical Design
Report: Addendum on High
Density QCD with Heavy Ions"

High Density QCD J. Phys. G 34, 2307-2455 (2007)
with Heavy Ions
Physics Technical Design Report, Addendum 1

b A Sergey Petrushanko CMS Heavy-lon Overview 36



CMS Phase 2 Upgrade
Greater heavy-ion detector

Full coverage 0 < ¢ < 2t for all units

L Mfon é Even wider acceptance
ZDC HGCEl HCAL [gleiCAL ZDC * Inner tracker |n| < 2.4 = |n| < 4
ECAL * Muon detector [n| < 2.4 = |n|< 2.8

PPS 1 Tracking r e Higher precision
« Tracker pixel 100x150 — 50x50 pm?2

 High granularity end-cap HGCAL

n Forward detector

_ _ - ZDC tagging neutron — Radiation hard
Expand trigger and DAQ bandwidth + PPS tagging out-going proton
« L1 trigger 50 kHz — 750 kHz

« DAQ throughput 20 GB/s — 60 GB/s Timing info
Save all hadronic events with higher luminosity « MTD as TOF for charged hadron PID
Big UPC datasets with tracking in L1 trigger * End-cap HGCAL with timing
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CMS Summary for Heavy-Ions

* Many interesting heavy-ion physics results with the CMS
detector in p+p, p+Pb, Pb+Pb and Xe+Xe... (and O+O,
Ne+Ne waiting to come)

* Future heavy-ion program at the LHC (Run 3 and 4) with
the upgraded CMS detector will provide more exciting
opportunities! Stay tuned with the CMS!

pO/00
2021 2022 2023 2024 2025 2026 2027 2028 2029

JFMAM[] J[A/SIONID{I[FMAM ]I A SIONID{IFMAM I ]ASIOND I FMAM 1A S|OND | FMAM J{J[A|/SOND{J[FMAM 1 1A SOMND{ ] FMAMJJASON|DJ FMAMJJASON'DJ FMAM 111 A50ND

|. Run3 | { Long Shutdown 3 (LS3)

EIC physics data taking
2030 2031 2032 2033 2034 2035 2036 2037 2038

JIFMIAM)J|J|ASIONID J[FMIAM) J|J|AS|ONID| I [FMIAM) J|J|AS|ONID| I [FMAM) J|J|AS|ONID J|FIMAM J| | A|S|ONID| J| FIMAM) J | J|A|S|ONIDY | FIMAM) J | J|A|S|ONID) J| FIMAM| J | J|A|SIONID ]| FIMAM J|J|A SIONIDY

Run 4 LS4 Run5

‘ Shutdown/Technical stop
P Protons physics
EYETS lons
Commissioning with beam
Hardware commissioning
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My Alma Mater!
Happy Birthday!!!
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