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' Komnaxrubiii Mioonuslii Corenoun (CMS)

CMS DETECTOR STEEL RETURN YOKE
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¥ MIOOHHbIe KaMepbl
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CRYSTAL
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] CMS kak 3KCcIepHMEeHT 10 THAXKeJIbIM HOHAM: ¢
A TepMETHYHOCTDh, pa3pelneHue, ruokuii tpurrep u DAQ B |

KpeMHueBbIN OeTeKTop
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700 - ; . HF
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| MioOHHBIE #ﬁMeEm )
500 -
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u“ | e R ZDC
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IHoaroroska nporpammbl CMS
10 U3YYEeHUI0 (PU3UKHU THAKEJIbIX HOHOB

LABORATOIRE EUROPEEN POUR LA PHYSIQUE DES PARTICULES  CERN/LHCC 2007-009

CERN EUROPEAN LABORATORY FOR PARTICLE PHYSICS 5 March

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"

J. Phys. G 34, 2307-2455 (2007)

High Density QCD
with Heavy Ions
Physics Technical Design Report, Addendum 1
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ELF e

136 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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* Global picture of heavy-ion collisions
- multiplicity

- energy

flow, “ridge”, correlations, ...

Pb+Pb collisions
2010-11: 2.76 TeV  0.16/nb
* Hard probes  2015-18:5.02 Tev 1.7mb > i

- Jets 2023-... : 5.36 TeV

dimuons (quarkonia)

- charged hadrons R, ...

* ptp, p+Pb, Xe+Xe

- correlations
p+p 2.76,5.02,7,8, 13 TeV
. p+Pb 5.02,8.16 TeV

T e, . XetXe 544 TeV
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“Puaxk”’-3¢p(pexrt B CTONKHOBEHUAX
IPOTOH-NIPOTOH B 3KcnepuMenTe CMS

* [ IpOTOH-TIPOTOHHBIE CTOJIKHOBEHUSA \/s =7 THB BCE CTOJIKHOBEHU
C BBICOKOH MHOKecTBeHHOCThIO N > 110.

=
. KOppGH}IHI/IOHHa}I (bYHKIII/I}I JJIS1 TPEKOB C f_,
IIOIIEPECYHBIM UMITYJILCOM B JHAIIa30HE g,
ot 1 no 3 IB/c:
1 dZNsignal
S (An,A@) =
v(AmAP) N(N -1) dAndAg
JHEP 09 (2010) 091 1 d>N*™
B, (An,Ap) =
v(AnAQ) N’ dhndhg

R(ATAQ)

_____________ L T -4
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“Pumx”-3¢ppexkr — Be3jae...

Long-range (2 < |An| <4), near-side (A¢p = 0)
angular correlations were observed in high multiplicity p+p and p+Pb
collisions (as well as in Pb+Pb)

Prp 7 TeY p+Pb 5.02 TeV
CMS pPb \/5,y, = 5.02 TeV, Num‘m o
1<p, <3 GeVic

Pb+Pb 2.76 A TeV, 0-5%

3) cMs JLdt=3.1ub’1

(d) N>110, 1.OGeWc<pT<3.UGeWc

,‘,_.-‘

\‘
N,
"‘i\"

“‘ \

R(An,A0)

JHEP 09 (2010) 091 PLB 718 (2013) 795 JHEP 07 (2011) 076
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Y+p B3auMOJAEHCTBHA B yJIbTpa-
nepudepuyecKux CToJIKHOBeHUsxX p+Pb

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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KBapK-riirooHHas mjiasma

B peJsSiITUBUCTCKHX COyTapeHUsIX TAKeJIbIX HOHOB BO3MOKHO (popMHUpPOBaHHeE
cBepXIIOTHOTO cocTosiHus KX/[-MaTepun B KBa3MMaKpPOCKONMUYECKUX

o0beMax (10 CPAaBHEHHIO C XAPAKTEPHbIMU APOHHBLIMHU MacCIITA0aAMuU).
Pb

B3aMMOAeNCTBYIOLLNE HYKIOHbI cnekraTopbl

2R~15®m__ _ ar 220 o b el e
—
cneKkraTtopbl
LleHTpanbHbIE CTONKHOBEHUS, [Nepudepnyeckme CTONKHOBEHUSA,
npuuenbHbi napametTp b =0 npuuenbHbIiv napameTp b = 2R

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

OGrhen nnnnnnnnnnnnnn
uccneaosaHi
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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-

Cepeeu Ilempywanxo (CMS Collaboration) @uzuka mscenvix uonos na CMS 13



I10TOKH rapMOHHUK Vj, V3 ...

HeHyJieBble TapMOHUKHU Vy, V3 U T.[l. HECYT UH(OpMalnio 00 yCI0BUAX
MPOCTPaHCTBEHHO-BPEMEHHOM 3BOJIIOLUU 51/IEPHOM MaTepuu U (PJIYKTyallusX ee
Haya/IbHOTO COCTOSHUSI.
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HNHTerpanbhas v, —

pesyabTar 1 LHC or CMS

=
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0.01— A NA49 (PbPb) _

- v E877 (AuAu) .

B | IIlIlIl | | IIIIII| | | IIIIII| | | Illlll—

PRC 87 (2013) 014902 10 102 10°

\ S\ (GeV)
15-30% 1increase 1n integral v, from top RHIC energy to LHC

(i
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KyMYJSIHTBI 3JIUTMIITHYECKOT0 MOTOKA
v_12k} B Pb+Pb coynapenusix

CMS Preliminary PbPb 5.02 TeV (0.58 nb™)
0-14:_ 0.5<pT<3.0GeV/c . ©® & g
- =@=
~ 2.4 g
012: |n|< s 2 - e FOR m -
0.1 T o =
—_— L @ adn
X — _
9'&0'08: R °v,(2)
Z0.06F o ™ o v,{4})
- ® v,{6)
0.04 > v, {8}
- v,{10}
0.02—
B P T NN TR T NN TR A T TN WO SR (NN T MO ST SN NN SR S SR NN NN SO S N
0 10 20 30 40 50 60

Centrality (%) JHEP 02 (2024) 106
vi2}>v {4} = v {6} 2 v {8} = v {10} (v {10} is the first time ever)

The subtle differences in the higher order harmonics allow for a precise
determination of the underlying hydrodynamics and what condition prevail before
the onset of hydrodynamics.

Cepeeu Ilempywanxo (CMS Collaboration) @uszuka msxicenvix uornos na CMS 16



AV B A VI B vl

MEHJENEEB

Omuarpuit Heanosuy

o (81L1834-21L1907)

c § Ey t A Pycomnit yuessiil-aumkaonenct. B 1665
y A FT. Wan n B YuerHE O MepHo-

si 14 ) X nmvwo npeRcKaNA nemﬂ :vuw:rwm
HHE W CBOWCTES HECKOMDIGAR SIIE HE OTKP-
'm m'g.: o g v ThiX ANEMEHTOR.

30 Ge 32

65,30 ) sl

9 40
Sr S <] Ir
4 Cd|In Sn 5
] " | onoso g
57 7
Ba W L Hf
EAPHA JUHTAH

0 T #[Pb |Bi At
05 W 20720 [209)
TATHA CEMHELL ACTAT

89 *k (104 107 109 110
Ra [ Ac [261] Rf [kl (2] 28] Mt [ DS
PAIAR AKTHHWR PEIEPDOR MR MEATHERVR JAPMULTATTIA

RO RO RO, RO, O RO, RO,
RH, HR
Ce |Pr %/Nd %/Pm 5|Sm &|E Gd ®|Th 5| Dy %HN.E\GBTm Yo "l 7

10,12 091 144,24 [145) 150,36 151,96 151,28 15893 162,50 164,93 e 167,26 16893 04 17497

EPHR IPASEORHM POMETMA | CAMAPMR EBPOTMA | rAdOMWHMR | TERBWA QPO | ronbld i | moreu

90 91 92 9 94 9% 96 97 9% % 100 ENJ 103
Th piel ] Pa 21,0 U 0 Np [z Pu [244] Am [249] Cm [247) Bk 247 Cf [251) Es [252] Fm [257] (28] Lr [262)
TOPHA MPOTARTHHAA | YPAH HENTY M MAVTOHKA AMEPHMA | KIOPHA GEPIMA KATHOOPHIA | GAHUTERAA | OEPMHA MEHLENEBH# TOVPEHCHA

e M Li Cs Rb K Ba Sr Ca Na Mg Be Al Mn Zn Cr Fe Cd Co Ni Sn Pb H, Cu Hg Ag Pt s
GG i Rb K Ba Sr Ca Na Mg Al Mn Zn Cr Fe Cd Co Ni Sn Pb H, Sb Cu Hg Ag Pt Au

| (. i e i

Cepeeti [lempywanko (CMS Collaboration) @uzuxa msocenvix uonos Ha CMS 17

OBbeAUHEHHbIN MHCTUTYT
ANEPHbIX UCCNeaoBaHMI



v, Xe+Xe vs. Pb+Pb

PRC 100 (2019) 044902

54

xe 131,30
KCEHOH

I 82

Pb b

e B

CMS 1.0 <p*' <3.0 GeV/c
" Centrality: 0-5% 5-10%f 10-15%F 15-20%
3 N B

F 3 = _; U = = 3 E =
3 ﬁﬂma > 3 = N
E 20-25% f 25-30% [ 30-35% 35-40%
; . gees -C L eeedg
. ¢ - 2 . = 3 o =
°s - - : ¢ g 5 & E =
= 40-50% | 50-60%f “ 60-70% -

3 ® .'Q 000 = - o o | o XeXe \s,, =5.44TeV

3 “s 3 “ap o f =l o oOF

e - L SPOPb |5y, = 5.02 TeV
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. This is
attributed to a larger fluctuation component in the lighter colliding system.
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\ A Xe+Xe vs. Pb+Pb

939
PRC 100 (2019) 044902
CMS 0.3<pT<SGeV/C
0.12
. n=2¢ n=3 [ n=4
1F - -
& f ST e :
A 008 E - - @ XeXe |sy=544TeV
g 0.06 [ - -
g: 0.04 :_ a :_ :_ = PbPb VSN =5.02 TeV
c : L @ L B
> 000 :_D _ aﬂﬂﬂﬂﬂgl ® -
TE g.gllllﬁl @ -
__ _'I....I....I....I....I....I....I....I....I ....................... | IFEPEPIS PP AT AT I Laa,
o) F 4 Data
S 1St = T-ENTo
o, 12 m TRENTo (Xe deformed)
2 14
(] C
X 1 bty -
= 09 ;
> 08 3 T P P N A N T P P S S S S T
— 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

Centrality (%) Centrality (%) Centrality (%)

Hydrodynamic models that consider the Xe nuclear deformation
are able to better describe the v [XeXe]/v [PbPb] ratio in central collisions

than those assuming a spherical Xe shape.

(i
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3apsanoBbie GpayKkTyanuu
B Pb-Pb coynapenusx

CMS-PAS-HIN-22-005

CMS Prellmlnary PbPb (pp) 0. 607 (252) nb!, (5.02 TeV)

CMS Preliminary Pbe (pp) 0.607 (252) nb’, (5.02 TeV)

L U b b i I LA I | LI B
Pbe HYDJET -

1+ % pp An=4.8 - - 05<p < 3.0 GeV 7
L B An<1.0 _ =An<1.0 | . -
- $ PYTHIA8 An=4.8 <16 - 0_ -
[ 5 An<4s -An<48 - MCR R ORI O
of . RN '
= - = \ -
- BN ' it | e -
S e — ] g F ®BEOSO .
1-':“ 1 .\-l\. ——— ;i': i E - \~~~~ ]
> LN " " & § H] 4 - T
/\'S : o9 ® - - ‘—____.: 'S _2— El o L o - —
< o g E H‘ < [ m @m e - -
: e ~ B *pp E E -
e i [ $70-80% @ Iﬂ @ @ N

3} e n H— -3 @ '
[ 2 H i T A43040%  upigING 0-5% I
- 0.5<p <3.0GeV . - §o-5% = HYDJET 0-5% 7
Y I PR TI PR T PR AT FRR R FR RN FRE R AR RE FRET _ PRI T T R T T TN [N TN T TN N T TN T T R TN W
0 50 100150 200 250 300 350 400 40 1 2 3 4 5

<Npart> An

Net-charge fluctuations differ between QGP and hadron gas phase.
Increasing centrality approaches QGP prediction faster.

I\
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/AKecTkue TeCThl KBAPK-TJIIOOHHOU IJIA3MBI

/'Y/ A Electroweak Bosons

Quarkonia
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AecTkHe TECThl KBAPK-TJIIOOHHOU IJIA3MBbI

Y/Z Flartrnweaal Rncnng

PbPb measurements

pp reference

#of NN y
scatterings ° ;
P 1

22



Iloxasienue J/yv B 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 | | | T T 11 | T T 11 | T T 11 I T T 11 | TT 11 | T T 11 | T 11 |_ < _I T | TTTT | TTTT I TTTT I TTTT | I'TTT | ITTT | TTTT | TTTT I TTTT
1400F 15 <1y™| <24 cMms 1 £ 14 Prompt J/y CMS
[ 45 <p " <55GeVic i L |yl <2.4 i
t:"* 1200 __ Cent. 0-100% __ 1 2 L Cent O 100(%) __
R - i - i
3 10001, pagg ] 1t -
O - — Total fit . - m \[s,,,=5.02TeV =
L - — Prompt J/y ] B NN 7
g 800p . J/y from b hadrons _ 0.8 o \[Syy = 2.76 TeV ]
o - 1 Background . - NN -
~ 600} 4 06f ; -
2 400} R 1 o4f H@%ﬁ; -
: * f - _
200¢ 7] 0.2 -
O_I — | o | — | 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)
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PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)

< B

m< 1.4:_ Prompt J/\|I CMS —
L <24 i
1.2 ¥ 7
i B =
- @ Cent. 0-10% = ]
- Cent. 10-30% b
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- —#——
0.6 W -
0.4 =
i ORI e
0.2 —
O:I | | | | | | | | | | | | | | | | | | | | | | | | | | | I:

0 5 10 15 20

P (GeV/c)

.,’.{‘.‘Y..
AMHE bl
PHBIX W

30

<
<
o

IHoxaBaenue J/y u y(2S) B Pb+Pb

EPJ C 78 (2018) 509

PbPb 368 ub™, pp 28.0 pb™* (5.02 TeV)

* Increasing suppression for increasing centrality
* y(2S) is more suppressed than the J/\y meson
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%«10° pp 300 pb™ (5.02 TeV)
crrrrprrrrp e p T T T T T
1802— Supplementary
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o

IlonaBaenue Y B Pb+Pb

arXiv:2303.17026

* Observation of sequential suppression of Y family in Pb+Pb.
* First observation of Y(3S) in heavy-ion collisions! (¢ > 5)
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PbPb 1.61 nb™, pp 300 pb™ (5.02 TeV)

IlonaBaenue Y B Pb+Pb

arXiv:2303.17026

PbPb 1.61 nb™, pp 300 pb' (5.02 TeV)
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« R  is decreasing with numbers of participants of Pb+Pb collision.

o Slightly increasing with p_?
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Iloxasiaenue Y B p+Pb

PLB 835 (2022) 137397

<103 op 28.0 pb! (5.02 TeV) 10 pPb 34.6 nb™ (5.02 TeV)
:I LI | L | L | L | L | L : L | L I L | L I L I L :
8r Y(lS)# pi* < 30 GeV/c CMS - 1.8F p* < 30 GeV/c CMS -
- M) < 1.03 B - <493 e
— 7: 1Y el ] ~ 1,6: Y(1S) & (A ]
o n p" >4 GeV/c 3 O 14F p" >4 GeV/c -
s - ow FE- T :
& o | <2:4 ERRCR IS ¢ Inl<24 .
;; 4 - + pp data . ; 1 Jr ¢ pPb data -
~ - Y(2S E R - — i -
% . i (25) — Total i ] "g 0.8 + 'El;otakl fit d J
— ] Z Y(2S) ackgroun ’
E - Y(39)..... Background i L% 0'6:_ ', ( ) -
2 . — R . -
. ] 0.4 : -
1 Ry | — 0 2Lpt®™ T -
0 B I I Ny ‘l',lrl L I»:\{_ ..J ‘:f\ 1 “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 1 22 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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IlogaBjenue Y B p+Pb u Pb+Pb

arXiv:2303.17026

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 |
$08- o - o
! 1 Largest suppression is in Pb+Pb
g 0.6 § Ryppb > Rpbpb
o 0 : p p
0.4_— @ B
0.2 -
of | V= New result for Y(3S)
Y(1S) Y (2S) Y (3S)
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v, J/y B Pb+Pb

JHEP 10 (2023) 115

B e e e e e B 1 L B B e e R ey pa s
—Cent 10-60% PromptJ/y  Nonprompt Jiy+ 6.5<p_<50 GEWC CMS

Pbe1 61 nb (5 02 TeV)
O16<|y|<2.4 O16<|y| <24 IVI<24 )

0.1;— " ¢yl <24 ¢lyl<24 ‘ # E+] N
o o.os_-m';‘;:i- , : $ .

_||||||||!|||||||||||.|J |||1]11ph_u)uJ/}l(||||||||||||| ||||||||
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, J/y B Pb+Pb

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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VUV, y(2S) B Pb+Pb

JHEP 10 (2023) 115

Prompt y(2S

p\II( ) Pbe161nb(502TeV)
041 " Cent. 10-60% PromptJ/y  Prompt y(2S) :55<PT<50GeV/C CMS E
03—_ O16<|y|<241116<ly|<2.4F V<24 E
F olyl<24  mly<24 I ]
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 + :
> 1 5
OF= - = e T % """ Hr -------- -
C T 1E| ]
-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, Y(1S) B Pb+Pb

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 2.5<y <4 (ALICE)

* .

[Le |
-
e
I|IIIIIIIIIlIIIIlIIIIIIIlI

> -
0.05—
oMl ol

: Q] 6

0.05
B |
0-3 3-6 6-15
PLB 813 (2021) 136036 b, (GeVic)

In contrast to the J/yv mesons,
no azimuthal anisotropy is observed for the Y(1S) in Pb+Pb...

(i
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v, Y(1S) B p+Pb

. 1SCMS Preliminary pPb 186 nb™ (8.16 TeV)
. |||[ilI|I||I]I|I|I||I|Il||||||
- Y (15),0<]y_[<24
il 70 < NI < 300 (erf:"“e < 50 sub.)

0 5 10 15 20 25 30 0-30
p. (GeV/c)

PLB 850 (2024) 138518

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

I\
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Po:xaenue ayx J/y B p+Pb

CMS-PAS-HIN-23-013

CMS Experiment at the LHC, CERN
Data recorded: 2016-Nov-18 17:13:03.129280 GMT
1 Run/Event/ LS: 285505 / 429487936 / 433

pPb 174.6 nb™' (8.16 TeV
RS A8 8 L0,

CMS Preliminary pPb 174.6 nb™ (8.16 TeV
I e e o s e e e e N

¢ Data

= Total

Events / 50 MeV

oy dhy

Events / 50 MeV

X Background |

NUJ/Q J/Y — 2 ptp) = 8.5 £ 3.4 events
Ofiducial(PPb — J/W J/P) = 22.0 £ 8.9 (stat) = 1.5 (syst) nb
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“Jet quenching” (“ramenue” cTpyu)
B Pb+Pb

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

PP e S 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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0.2

Raa / Raa

1.5
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0.5

0.5

CxkaHupoBaHue O IIUPUHE CTPYH

CMS o 10%

Pbe 404 ub PP 27.4 plo1

I 300 < p ‘< 400 GeV

T 400 < pr' < 500 GeV

5.02 TeV

_ﬁ_

I 500<p < 1000 GeV

1 anti-k-, mjet| <2

- CMS 0-10%
— PYQUEN

N JEWEL
— JEWEL w/o recoil
|

PYQUEN w/ wide angle rad

02 04 06 08

1 02 04 06 08

Jet R

1

JHEP 05 (2021) 284

 Sensitive to balance
between increasing
radiative sources and
recovering re-distributed
energy

e Enables simultaneous
comparisons of model
calculations across jet
radii

e First time at CMS: no
radius dependence of jet

energy loss in central
Pb+Pb collisions for 400
GeV/e <p_jet. (Also for

400 <p_jet <500 GeV/c)
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A3UMYTaAJIbHASA AHU30TPOIIUS
ABYX-CTPYHHBIX coOObITHI B Pb+Pb

JHEP 07 (2023) 139

008 97 Dijet v, - [¢]Dijetv, antiktR=04 1+ [%7]Dijetv, CMS
0.06 ¥ CMS charged hadron v, - |njet| <13 i
p,>20GeV,n <1 : p_ > 120 GeV PbPb |5, = 5.02 TeV, 1.69 nb”
0.04f x ® pT’ >50 GeV |
c pA - 2
*:1 0.02F & . Al > SGTTE i
S Y N N S N S S .
- ’ \ ¢ +
002k Factorization region: - i
0.7 < Hadron P, < 3 GeV
—0.04 l | - | | - | |
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

(i

« Di-jets v, and v _are consistent with zero
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IlepBoe HaO0deHMe top kBapka B Pb+Pb
PRL 125 (2020) 222001

%\

Electron

Using either charged leptons only or charged leptons + b jets.
The measured cross sections are compatible with expectations from
scaled proton-proton data and QCD predictions.
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Poxnenue X(3872) B Pb+Pb

PRL 128 (2022) 032001

1.7 nb™ (PbPb 5.02 TeV)

—~400F. CMS 15 <p. <50 Gevic g Comparison to y(2S)
S F Inclusive vl <16 3 1.7 b’ (PbPb 5.02 TeV)
© 350F Cent. 0-90% 1.8
= + 1 - - CMS
— - TR B B PbPb (5.02 TeV)
8250' + } o X(3872) ~1 £ 51.4:— Iy < 1.6, 0-90%
S 200F- 29 2 3 2 1.oF
LIJ 1505_ P .llju PR T S TN T (N TR T TR T [T TR T ST T [N ST TN N S N T SUN S N N TN T T _3 g g 15 l
— 70E o I
O 705 b-enriched (Ixy > 0.1 mm) ¢ data 3 ><2 N
2 50p ----backg 1 e ogb lyl < 1.2 (CMS)
S 40F 03 £ r u pp (8 TeV)
g 30§_ 1= %O_ 0.4F ly| < 0.75 (ATLAS)
%)) - ' - L
2 20§ SATTY * Nt 0 0.2F .
Lﬁ 105_ + + + _3 | L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I 11 1 1 I 11 1 1
e ST S5 55 3k 59 B85 4 0 20 30 40 50 60 70
My, (GeV/c) p. (GeV/c)
£\ X@872) Result provides a unique experimental input to
v(28) . . .
{ 7 the theory, towards elucidating the production
s \(\) I mechanism and the nature of the X(3872).

e 1 .
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f (980) B p+Pb cTo/IKHOBEHMSAX

arXiv:2312.17092

Inner structure unknown:
« K’ K" molecule

Pb, {S=8.16 TEV (185 = NI'"™ < 250
e Tetraquark 015 PPP S =816 TRV (165 = Ny <250)
e Di K CMS Preliminary f,(940) -
lquar oKe 2A . ny=2 hypothesis -
— - — fit ]
0.1 ) Q n=4 hypothesis

O
Use constituent quark scaling to 5~
-2

extract number of quarks 2

&
o
o 9)
I H'E--Lb«lall |IIII| T T 7
?%T
||/

o

n = 4 excluded at 6 > 3.1

n = 2 favored

2
E/n, (GeV)
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CMS Experiment at the LHC, CERN
Data recorded: 2022-Nov-18 15:50:14.858368 GMT
Run / Event / LS: 362293 / 24480852 / 27

One of the first Pb-Pb collisions during Run 3 in CMS detector.

Lead beams traveled for 3 days (17-19 November 2022) in the LHC !
i Cepeeti [lempywanko (CMS Collaboration) @uzuxa msocenvix uonos Ha CMS 41




IlepBbIe pe3yabTaThI MO THXKEJIBIM HOHAM
CMS Run 3 dN_/dn

CMS PAS HIN-23-007

1000

800
5.36 TeV Pb+Pb data —~

from 2022 test heavy-ion run S 600

O

2 : Cent. 0 - 80% -

O 400 # Data ]

Monte Carlo generators try to - :"_ﬁmi E:t?"?;el;';ﬂi)ng) i
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B | | | | | i

S 1.2 ]

S - y

< 1 ]

O : y

= 08| .
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5.36 TeV Pb+Pb data
from 2022 test heavy-ion run

vSw dependence consistent with
power law calculated using
lower energies

f.w»
e/.'unne Iﬁ HNCT
PHBIX UCCII
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SJAK/IIOYEHHUE

 Many interesting heavy-ion physics results with the CMS
detector in p+p, p+Pb, Pb+Pb and Xe+Xe...

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