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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 QK
Overall diameter :15.0m Pixel (100x150 pm) ~1m? ~66M channels * Slllcon TraCker
Overalllength  :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field :3.8T < 2 4
SUPERCONDUCTING SOLENOID n o
s Niobium titanium coil carrying ~18,000A

<+ Electromagnetic
MUON CHAMBERS

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers

Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers C alO rimeter
n| < 3.0
% PRESHOWER o
1 y Silicon strips ~16m> ~137,000 channels * Hadron Calorlmeter
g barrel and endcap
Steel + Quartz fibres ~2,000 Channels |n| < 3 0
with HF-calorimeter up to
| <3.2
. NN Y %, N ¥ Muon Chambers
e AN\ /4 ml <2.4

~76,000 scintillating PBWO, crystals

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

+ CASTOR detector
5.2<|n|<6.6

+ Zero-degree calorimeter

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

[P

118 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, .. Pb+PDb collisions

2010-11:2.76 TeV 0.16/nb
* Hard probes 2015-18:5.02 TeV 1.7nb i
_ _] etS £\ Domivonton 24520020

- dimuons (quarkonia)

- charged hadrons R, ...

* ptp, p+Pb, Xe+Xe
- correlations
p+tp 2.76,5.02, 7,8, 13 TeV
. p+Pb 5.02,8.16 TeV
T JeS, o XetXe  5.44 TeV
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Charged particle multiplicity
Transverse energy density

CMS
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- p+p, ptPb, Pb+Pb follow power law
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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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Correlations: “RIDGE” is everywhere...

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)

e T e p+Pb 5.02 TeV
CMS pPb \{S_m: 5.02 TeV, N;ﬂm > 110
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

ﬁf\_{‘:’v B
ﬁ%!"‘“‘-",a N
RS,

St ey

4, "“ “‘ ".“
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JHEP 09 (2010) 091 PLB 718 (2013) 795 JHEP 07 (2011) 076
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vp interactions within ultra-peripheral
p+Pb collisions

p enhanced
CMS 2 <Ny, < 35, |5, = 8.16 TeV (68.8 nb™) 10 CMS VSu = 8.16 TeV (68.8 nb™)

0_3<pT<3_OGeWc © (025 T ITT T T T T g
.......... < E =V, 03<p_ <3.0GeVic
g oo 2 024F.. 4
% E 24
= % 023Fer Vi
_g o a 225 — Fourier Fit
- ““E & CMS pPb
5
=
o
i ]
—] 3
= .
Ani>20 3
: 0%, 2<N, <35 ]
0-17—_..|....|....|....|....1.. P e
-1 0 1 2 3 4

Minimum-bias A¢ (radians)

s -1 3
CcMS 2 <Np <35,\s5,y=8.16 TeV (68.8 nb™) <102 CMS Sy = 8.16 TeV (68.8 nb 1)
0_3<pT<3_OGerC - 015_|r|r|r|||r|r|r|r|||r|r]r|r|||r;
s 7 F =v, 03<p_<3.0GeVic :
o ] o E I o .
= 01481 Vos
F=H %
prs B Vi
o | — Fourier Fit

0.146[- o cMs pPD

----------------

0.144f

0.142f

|An| > 2.0 ]

i 2<N, <35 ]

arXiv:2204.13486 L T T e s e
-1 0 1 2 3 4

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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The cumulants of the elliptic flow
v_12k} in Pb+Pb collisions

CMS Preliminary PbPb 5.02 TeV (0.58 nb™)
0.141- 0.5<p_<3.0 GeV/c o & > o
= Q=
- 2.4 o
0.12: nl < . e
0.1 T =
—_ - @ a On
-~ [ _
~.0.08F - -
Z0.06F - ™ ® v,{4)
- ® v,{6}
0.04 == v,{8}
B Vz{IO}
0.02—
[ (R S N T NN TN N N SRR TN SN SN AN SN TN SRR TN AN SN TN MO T N SR S S
0 10 20 30 40 50 60

Centrality (%)
v{2}>v {4} 2 v {6} 2 v {8} 2 v {10} CMS-PAS-HIN-21-010

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.

Nucleus-2022 Sergey Petrushanko (CMS Collaboration) Heavy-lons Physics 10



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

Nucleus-2022 Sergey Petrushanko (CMS Collaboration) Heavy-lons Physics 11



v, Xe+Xe vs. Pb+Pb

PRC 100 (2019) 044902

CMS 1.0 <p*' <3.0 GeV/c
< 0622 " Centrality: 0-5% 5-10%f 10-15%F 15-20%
A =
< o04f L S ; Uag 2 e .
NP : 8 - 5 B
~0.05F - - & F
< ﬁ =N 5
of : .
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. gees -C L eeedg
;- ag g ;- B! U U ;_ g E

3 *s = ' °s =i :B ® - S =
9k = 40-50% 50-60% “ 60-70%f -
& 02¢ o%%% - ooy - o o [ ®XeXe \s =544TeV
=0.15F UEE - aﬁa- Eﬂﬂgﬂ§-
< o4f = - - 2 PbPb \s,, = 5.02 TeV
o005 -
N :

0 2 24 6 8 0 2 2 6 8 0 2 4iTTe R o iTTel s
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The magnitude of the v, coefficients for Xe+Xe collisions are larger than

those found in Pb+Pb 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<3GeV/C
0.12
- n=21¢ n=3 [ n=4
. 0.1:— QEU W g g :_ n
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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.
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Hard Probes for Quark-Gluon Plasma

/'Y/ A Electroweak Bosons

T !

| § S/

oW

4

| p =

—
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Hard Probes for Quark-Gluon Plasma

'Y/Z Flartrnweaal Rncnng

PbPb measurements

pp reference

#of NN y
scatterings ° 0
P 1
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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 11 | 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]- ; -
2 400} R 1 o4f H@%ﬁ; -
: L] f | _
2001 B 0.2F -
O_I — l o | L | S | L | S l S | S l — I_ O:I | | 1111 | 1111 | L 111 | 1111 | L 111 | 1111 | 1111 | 1111 | 1 11 I:

26 27 28 29 3 3.1 32 33 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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J/y and y(2S) suppression in Pb+Pb

EPJ C 78 (2018) 509

PbPb 368 pb™, pp 28.0 pb™ (5.02 TeV) PbPb 368 ub™, pp 28.0 pb™' (5.02 TeV)
:E _'I':)"|"t'J'/|""|""I""l""_ Z:E L L L L B
oo 1.4 Frompt Jy CMS | o 1.4 Cent. 0-100% CMS
L ly| <2.4 i - lyl<1.6 i
1.2 7 12F .
1 = : :
- @ Cent.0-10% - 1 5 N .
08 * Cent 10-30% - E = Prompt Jy -
°F & Cent. 30-100% | P 0.8 ° Prompt y(25) ~
0.4 - - | -
E W * : 0.4: :
0.2__ -] 0 2__ ]

0 5 10 15 20 25 30 00 5 10 15 20 30

P, (GeVic) p. (GeV/c)

* Increasing suppression for increasing centrality
*Y(2S) is more suppressed than the J/\y meson
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Upsilon suppression in Pb+Pb

CMS-PAS-HIN-21-007

x10” _____ pp300 r7b|'1| (5.02 TeV) PbPb 1.6 nb™' (5.02 TeV)
- . R s
2 v(1s) | CMS WO vasy CMS -
i 1801 oW <a0gevic  reliminary 4 = 8000F P il_< OCVC Preliminary -
L 160F | < 1 9 : v <24 ]
% 1 605 i I}:l |<24 . > 7000 p">3.5 GeVic E
140~ $ p_>3.5GeV/c + Data ] QO . * T + Data ]
O - L <2 1 O 6000F <24 ]
o 1200 ' o - o : Centrality 0-90% -
g 100 :_ ---- Signal _: g 50005_ ---- Signal _E
E 80; Y(2S) - Background _f g 4000;_ Y2S) Background _;
—— L N ()] » -
2 60 ]t 3000f :
AT 40;_ | _; I_I>J 20005— E
. R E 1 000;_ ]
PRI W .|—‘:"; JIJ “‘I» [ TR T A O M AN B N B . - | _L-I“|'rr| L .‘:I" | ll:l‘”I\l ' A RN B A AN A A R -

9 10 11 12 13 14

OOO|||

o83

9 10 11 12 13 14
M. (GeV/c?) m,.- (GeV/c?)

* 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 in p+Pb

arXiv:2202.11807

%10° pp 28.0 pb' (5.02 TeV) %10° pPb 34.6 nb™” (5.02 TeV)
: L | L | L | L | L | LI : : L | I I.l LI I L | L I L I L :
8F Y(lS)# pi¥ < 30 GeVie CMS - 1.81 i pM<30GeVic CMS -
- ") < 1.03 = - Gy <1.93 -
—~ Y- ¥ e |~ 1.6 Y(1S) & Ve :
© 6 - p# >4 GeVl/c E O 14F pi >4 GeVlc -
I 3 p z
O 5 o Ml <24 3 o1 -2:_ ¢ Il<24 E
;; 4 - + pp data . ; 1 Jr ¢ pPb data -
~ 7 Y(2S 1~ qaf — i .
_g . i (25) — Total i ] "g 0.8 + . 'El;otakl fit d .
— ~ n S2YQ2S) ackgroun ’
E - Y(3S)..... Background . L% 0'6:_ ; ( ) B
2 . —] R \ -
. : 0.4 : ]
1 A | - 0 2Lpt®™ T -
0 B I I Ny ‘{',;I L I:\{_..J‘}I:\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 1 22 13 14 8 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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Upsilon suppression in p+Pb and Pb+Pb

arXiv:2202.11807 & CMS-PAS-HIN-21-007

PbPb 368 b, pPb 34.6 nb™, pp 28.0 pb™" (5.02 TeV)

Ordered in binding energy
RpPb Y(1S) > RpPb Y(2S) > RpPb Y(3S)

Largest suppression is in Pb+Pb
Rprb > Rpbpo

Nucleus-2022

1.21_ ® Ry, Iy), <193 CMs B
- ®R,,, |yZM| <24 Preliminary -
 ana o7 <30 Govlo
< &
m< 0.8:— @
2 0.6/ -
o [ )
0.4:— 0 -
0.2 -
i (0 95% CL
- [
: I
Y(1S) Y (2S) Y(3S)

New result for Y(3S)
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Upsilon suppression Pb+Pb

CMS-PAS-HIN-21-007

PbPb 1.6 nb™", pp 300 pb™ (5.02 TeV) PbPb 1.6 nb™", pp 300 pb' (5.02 TeV)
_III|||||\|IIII|IIII|II|||||\||IIII|IIII|I__ ] _IIII|IIII|IIII|IIII|IIII‘IIII_
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—+ - 0.8 —
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il < L i
— - @ oe- =
- Y(3S) T - —=— Y(3S9) .
T i §
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i % s 8 3 ] , ]
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o Fﬂj | EI'D| |DE'” A S e — : ]
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« R  is decreasing with numbers of participants of Pb+Pb collision.
o Slightly increasing with p_?
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v, of J/y in Pb+Pb collisions

CMS-PAS-HIN-21-008

4 - iy
PbPb 1.6 nb™ (5.02 TeV)

0 ______________________
—0.02

012 —_ Scalar Product Prompt J/y Nonprompt J/y _:'_ CMS Preliminary
E Cent. 10-60 % O16<|ly|<24 O16<|y|<2.4 EE 6.5-50 GeVic, |y| < 2.4 E
0.1 T —
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0.08— ‘JP] o + I+1 -
0.06— ﬁ:‘:#: } | T & * =]
— | I ]
>'0.04 — %E#EFI 2 T #l $ Ifl |+I —]
0.02f #E.D T E
- + Prompt J/y [ﬁ 3
004 T b— J/y A
B i A I I A A N A RN RN NN RN NN NN RN AN
0 10 20 30 40 50 0 50 100 150 200 250 300 350 400
P, (GeV/c) <N+

- 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

CMS-PAS-HIN-21-008

- ———————————] | R
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- First measurement of v_ for prompt and non-prompt J/\y separately

Nucleus-2022

- no significant non-zero v_ (J/y)

Sergey Petrushanko (CMS Collaboration) Heavy-Ions Physics
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v.and v, of w(2S) in Pb+Pb collisions

CMS-PAS-HIN-21-008

Prompt \lI(ZS) PbPb 1.6 nb™' (5.02 TeV)
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« First measurements for prompt y(2S) !
e 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 I i
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0.15—
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PLB 813 (2021) 136036 p,.1Gevic)

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 Preliminary pPb 186 nb™ (8.16 TeV)

0.15_|||[ilI|I||I]I|I|I||I|Il||||||_
Y (18),0<ly,_| <24

70 < NI < 300 (erf:"“e < 50 sub.)

0.1

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

CMS-PAS-HIN-21-001

... and also no azimuthal anisotropy for the Y(1S) in p+Pb !
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Prompt D’ flow in Pb+Pb collisions

PLB 816 (2021) 136253

CMS | PbPb 0.5? nb (5.02 TeV)
S L L I B T =+ ’ ST LR T | y LB PRI © B R AT
0.3 0 =0 Calculations for prompt D° + D° ¢
- -+4-Prompt D° + DY, |y| < 1 = LBT - - SUBATECH
““FE 4 Charged particle, n| < 1 PHSD CUJET 3.0
- -TAMU. TAMU SMCs
E au
E * lo
0.1 , ""5;‘
0.05F —+‘ ‘,v‘/
& *

T m
Centrality: 0-10% (@ 10-30% 30-50%

The elliptic flow of prompt D’ has similar pattern
to that of charged hadrons.
CMS-PAS-HIN-21-003  — also confirmed for the multiparticle correlations.
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Prompt vs. non-prompt D’ flow
in Pb+Pb collisions

PLB 816 (2021) 136253 & CMS-PAS-HIN-21-003

CMS Preliminary

PbPb 5.02 TeV (0.58 nb™)

Centrality: 0-10%

—e— Prompt D° (PLB 816 (2021) 136253) ;

—e— D" fromb quark hadrons

Centrality: 10-30%

e

Centrality: 30-50%
ﬂﬁ%ﬁg

EH

Centrality: 0-10%

The elliptic flow of prompt D’
larger than non-prompt D’ (from b quarks hadrons)

Nucleus-2022
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30-50%
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5.02 TeV PbPb (0.4/0.58/1.6 nb™

B T T T [ ]

0.25 CMS Preliminary m PromptD’ lyl<i ]

B he, Il < 1 Prompt JAyp, 10-60% ]

02‘_ O 16<lyl<24 ]

r e lyl<24 ]

- ¥ (b =)D’ lyl<1 .

0.15 - (b —) JAp, 10-60% -

L - O 16<lyl<2.4 _

o C E — ¢ lyl<2.4 ]

> 0.1= I| -~ + Y(1S), lyl< 2.4 —

I ’
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- 4 Y HEHE 4 |
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N T Cent. 10-30% 7

_0‘05 - | I Lo | | | -
1

10
P, (GeV/c)

Abundant physics behind these

CMS Heavy Flavor v_ Zoo

8.16 TeV pPb

high precision and unique measurements from the CMS!

Nucleus-2022

Reference
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Measurement of B“S and B meson
in Pb+Pb collisions

PLB 829 (2022) 137062

CMS PbPb 5.02 TeV (1.7 nb’)
g_ B* + Data

E— — Fit

é_ Signal

; - --- Background

Events / (20 MeV/c?)

Pull

CMS PbPb 5.02 TeV (1.7 nb™)
60— Bg + Data
50— — Fit
40— Signal
SOf— - --- Background
20
10
0
g:g__ ® o000 :
—21:....|....|. |ﬂ.||||-.j
5 5.2 54 5.6 5.8 6

My (GeV/c?)

The BOS meson 1s observed with a statistical significance in excess of

5 standard deviations for the first time in nucleus-nucleus collisions

Sergey Petrushanko (CMS Collaboration) Heavy-Ions Physics
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Measurement of B“S and B meson
in Pb+Pb collisions

PLB 829 (2022) 137062

0.9 CMS PbPb 5.02 TeV (1.7 nb‘1) 0.9: CMS PbPb 5.02 TeV (1.7 nb’ )
. _I [ | L LI I ‘ L | LI | L ‘ [ | L I_ . LI | [ | T | L I L | [ | I | | | B
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0.85— 6 15<ly| <24 _f 0.85— 10<pT<50 GeVlic —:— —
0.7 PbPb: TAMU ¢ly[<24 = 0.7F ¢ PbPb Ed E
o : —EEEE IE%rEgevin (Centrality 0-80%) o . —PbPb: Langevin
w OOK N oo Eve 1 %596 —pp:LHCb 7 Tev T ]
o 05F \< epp: LHCb 7 TeV 1 ©0.5E30-90% 0 - 30% 10 - 90%-
[ C = ] 0] : T ]
= - . = - T  0-80%
+>' 0.4:— \i 7 +>\0.4/‘$—f 0 ®
m 5 . ' | ] a - I
2 0.3 | ———  mW0.3F T W .
-«;,Lﬂ.\*—v : -1 |
0.2 = 0.2 " 1 §
0.1F global uncertainty: + 8.0% 0.1 global uncertainty: + 8.0% E
O:I 111 | - I 1111 l 1111 { 11| l 111 l 1 1] { 1111 | 111 J: 0:| 111 I 1111 | 1111 I 1111 | 1111 I 1111 | 1111 | il
o 10 15 20 25 30 35 40 45 30 0O 50 100 150 200 250 300 350
P, (GeV/c) <Npa >
« No significant p_-dependence of BOS/ B ratio . BOS/ B ratio in Pb+Pb
* Model predictions in reasonably well compatible with
agreement with data measurements 1n pp
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First evidence of X(3872) in Pb+Pb

PRL 128 (2022) 032001

1.7 nb™ (PbPb 5.02 TeV)

+00F. CMS 15 <p_<50GeVic 15 Comparison to y(2S)
E Inclusive lyl <1.6 1.7 nb™ (PbPb 5.02 TeV)
® 350F Cent. 0-90% 2 1.81
= + 1 - - CMS
3300:— _ : : - = + R = 1.6 prompt
g, = - X B PbPb (5.02 TeV)
5 250F ;4 X(3872) |1 g 5 14F yl < 1.6, 0.80%
£ 200F 29 2 3 2 1.oF
- ) By y<n
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“/‘G 70;_ b-enriched (Ixy > 0.1 mm) ¢ data 3 22 P E
S 60F — —total fit 5 i 0.8 B pp (7 TeV)
§ 50;_ - - - -background 1 o 0 6:— ly| < 1.2 (CMS)
S 40F 0D £ - u pp (8 TeV)
< 30 15 8 0.4 Iyl < 0.75 (ATLAS)
%) - - L
2 20§ o * Nt 2 0.2F .
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0=365 357 375 38 38 39 395 4 0 30 éOV/ °%0 60 70
My (GEV/C) p. (GeV/e)
£\ X@872) Result provides a unique experimental input to
{ V(R8) . . .
7 the theory, towards elucidating the production
s \(\) I mechanism and the nature of the X(3872).
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The first search for top
using Pb+Pb collisions

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.

Nucleus-2022 Sergey Petrushanko (CMS Collaboration) Heavy-lons Physics



The first search for top
using Pb+Pb collisions

PRL 125 (2020) 222001

4.0 o significance

Consistent with pQCD
1.7 nb’’ = 5.02 TeV
* Top quarks can probe both the 2 7: tE)at(;/STN > - V)
initial and final state o -\r\/JV t ltZV/V*
e Probing the QGP formation? — e it
1b 2b
Both dilepton multivariate
& b-jet counting analyses
The observed significance of the
top signal against the 0
background-only hypothesis = or
amounts to 3.8 and 4.0 standard & '°
deviations in the two methods. § 08

(0, 13 [7/@2/3[[2/3 7 (0, 3 [7/;;']2/3[[2/3 7]8[8_1_]

Boosted decision tree
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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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Jet radius scan

CMS o 10%
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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 1t
was observes no radius
dependence to jet energy
loss 1n central Pb+Pb for
500 GeV <p_jet <1 TeV
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Azimuthal anisotropy of di-jets in Pb+Pb

CMS-PAS-HIN-21-002

0.08 B . B
- [®] Dijet v, - [ ¢ |Dijety,  antrkyR=04 1[4 7] pijetv, CMS
00sk. * CMS charged hadronv, n, <13 3 Preliminary
: P, >20 GeV, | <1 p:d > 120 GeV PbPb ys = 5.02 TeV, 1.7 nb”
0.04f N ® t PP >50 GeV [
> [ 2 [ Ap > &
© 002F @ - *76 -
5 f +
OFe — m ool LEx il
B ¢
- s ¢ +
_0.02k Factorization region: - -
[ 0.7 < Hadron p, <3 GeV
_0'04T|||||||||||||||||||||||||_||||||||||||||||||||||||||_|||||||||||||||||||||||||||
0-10% 10-30% 30-50% 0-10% 10-30% 30-50% 0-10% 10-30% 30-50%
Centrality Centrality Centrality

*V,V,V, of the di-jets in Pb+Pb were measured for the first time

e Di-jets v_is compatible with v_of high pt hadrons

« Di-jets v, and v _are consistent with zero
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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...

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

Run 1 Run 2 Long Shutdown 2 Run 3 LS 3 Run 4 LS4 Runb5

f_‘—“-Jr PbPb

PbPb PbPb
6 nb- CMS
W@ are : pPb ) Phase-2

here ! (05pb) upgrades
p
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Run 3 was started !

CMS Experiment at the LHC, CERN N
Data recorded: 2022-Jul-05 14:48:56.743936 GMT
Run / Event/ LS: 355100 / 51596902 / 53
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