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Hot QCD medium properties in
heavy-ion (A-A) collisions

Energy Stopping Hydrodynamic

Initial state . ) A Ah
‘ Hard Collisions Evolution Hadron FreezeoLt

In A-A collisions:
O @ 1) What are the properties of the medium created ?
2) How partons interact with the medium ?

Central Peripheral
collisions  collisions

In small systems (p-p & p-A):
1) Do we observe similar effects in small systems as
in A-A collisions ?
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Hot QCD medium properties in
heavy-ion (A-A) collisions

Energy Stopping Hydrodynamic

Initial state . ) A '
‘ Hard Collisions Evolution Hadron FreezeoLt

Outline:

O @

Central Peripheral
collisions  collisions

1) Soft probes
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How did it evolve with energy ?

Charged particle multiplicity and transverse energy density
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1In central (0-5%) collisions, the suppression in XeXe 1s
less compared to PbPb 1n the pt range of 6-8 GeV/c

 Charged-particle production in XeXe is slightly more
suppressed than in PbPb at the same N,
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Eur. Phys. J. C 81 (2021) 584
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Perfect fluid paradigm

Event by Event Final state

S (Dr>1,9)

Pre-equilibrium
:lr: Hydrodynamics :lr:
6I-1-TuU =0+ ("l; Zl -")

Freeze-out
Hadronic transport

QGP behave like a nearly perfect fluid
(small n/s)

Fourier bases: f(p;.n,9) = N(Praﬂ)z Yn(pT,n)'e-m

n=-00 '

Anisotropic flow
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A perfect fluid

x ‘ ‘ 0.2 ‘ ‘ 0.25 1 ‘ ‘
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Phys. Rev. C 86, 014907 | ATLAS results Phys. Rev. Lett. 110, 012302 | IP glasma + MUSIC

1 v, measurements well described by hydrodynamic models with very low
sheared viscosity to entropy (0.07 <n/s <(0.2) =p almost perfect fluid

v, mainly driven by geometry of the initial state (IS)

v, driven by fluctuations of the IS
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EPJ C 80 (2020) 534
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Phys. Rev. Lett. 127, 092302
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Vn-2 34 XeXe vs. PbPb
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v, for XeXe are larger than PbPb for the most central collisions
U Hydro models with Xe nuclear deformation better describe the v,[XeXe]/v,[PbPb]
compared to models assuming spherical Xe shape for n=2 in central collisions
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.122301

PID v, in XeXe collisions
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ALICE, arXiv:2107.10592 [nucl-ex]

L IP-Glasma + MUSIC + UrQMD

[ ALICE Xe-Xe VSNN =5.44TeV
L 1lyl<05

dFor pr <3 GeV/c, v, shows a mass
ordering attributed to the interplay
between anisotropic flow and radial
flow

(U Hydrodynamical models qualitatively
reproduce the mass ordering at
pr<1GeV/c

] A better agreement between data

and model 1s observed in central

collisions compared to peripheral
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CMS Preliminary CMS PAS HIN-19-004 PbPb 5.02 TeV
[ 5-10% Clv4sPy 10-30% AMPT-ICv,2} | 30-50% [ 50-80%
0'3_'Kg 244 [ AMPT-IC v, 04} [
[ * {6} [ [ [
[ ¢ v, 8) i i O i
02 ? O EpZD
L L ) |D 5 5 D
| | % | Lé w 8 B, e BT
o1 gﬂﬂ.ﬂgg y * el ¥ | ,,_Q.
: ¥ 5| ' '
G'...u...u...u...u'...|...|...|...|'...|...|. | 1 1 A R B
2 4 6 8 4 6 2 4 6 8 2 4 6
P, (GeV) P, (GeV) P, (GeV) P, (GeV)
CMS Preliminary PbPb 5.02 TeV
[ 5-10% Clv{SP) 10-30% AMPT-ICv,2) | 30-50% [ 50-80%
03 A v 4 AMPT-ICv, {4} | mn i 0
+,6) o ' Opg®e O : o= 0o
02 ¢ vi8) - w3 oy " g | E-I- O
[ [ s i S g *
[ D@ D o | . 2 4]
-~ - - | hall
o1 ¥ g i - - -
[ 4 [ Z/
0'..|...|...|...|',/.| Loy | 1 L1 Lo | [ A T 1
2 4 6 4 2 4 6 8 2 4 6 8
p, (GeV) p. (GeV) p. (GeV) p. (GeV)

W Hydrodynamic calculations of
2- and 4-particle v, with AMPT
initial conditions qualitatively
consistent with the data
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Heavy quarks collectivity in PbPb

JHEP 10 (2020) 141 Phys. Lett. B 819 (2021) 1F.?t)6p3b8157 .

T I ' | T I T | T I T | T I T T T 0_2_ | - ) )

S L D ALICE30-50% 57205 cave cms -
0.2 <> — 0.15[- : b -

. B nclusive i

SN E CMS DO J/w 2 5<y<4 & i i(:y‘ls)<2.4 Il2l.5<y<J/4w(ALICE) ]

o I <Yy < —

N J J/Y |y|<0 9 0.1: “2.5<y <4 (ALICE) . J/LIJ [+] :

mﬁ#@o$ - .

B X oinst )81 B 3 ) average, |y| < 0.8 . g

[1Syst. uncertainty from data

-0.1 Syst. uncertainty feed-down — L
. L e 1 ) g 0-3 3-6 6-15

2 4 5 811G 19 |4 B p, (GeVic)
pT(GeV/c)

U Inclusive JAy v, at forward and midrapidity are in agreement with each other
and positive up to 12 <p; <20 GeV/c
U The v, values for Y(1S) is consistent with zero in contrasts with positive J/y v,

L0.20°900¢:AlX1e

JHEP 10 (2020) 141

14/10/21 P. Pujahari Soft probes results from CMS, ATLAS and ALICE MPI, Lisbon, Portugal



Nature of the “Ridge” — the small system puzzle

cMS_ . PLB 791 (2019) 172

L I T T I v L v l ' Ll T ' Ld Ll Ll Ll ] Ll Ll T Ll ] Ll Ll Ll Ls ] Ll Ll
0.10 PP \S= 13 Te o VE2 |An|>2}+ pr \sNN = 5 TeV 4+ PDbPD \s,, =2.76 TeV c8® o
o C
. v, {4} 4 | g F
+ v,{6} ! I - ®
0 v,{8} I .
. O V,{LYZ) | o« ® ® 008065
N
>
0.05} e T .l l ¢ - + .
. . ..O*G'f‘ | Shogpn ¥ [
o 1 ® + 4
. - “
- 03<p <3OGeV;c 03<p <30C5eV/c 0.3<p7<3.0GeV/C
ii“ l A A A A l A MI < 2 4 A A l A A A l L A ' A l ' MI < 2 4 A L A l A A l A A L A l ' A "]II f 21'41 A ' A l ' A
0 50 100 150 0 100 200 30 0 100 200 300
i i i
N::-\ " Nzk " Nlovk "
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v’ Multi-particle correlation

v' Similar patterns for all systems

v’ Initial state fluctuations play an important role

1 dN"
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CMS PRL 121 (2018) 082301 pr 8.16TeV
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CMS PLB813(2021) 136036 pPb 186 nb' (8.16 TeV)
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ALICE, arXiv:2107.11183 [nucl-ex]
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A Hyperon polarization at the LHC is similar in magnitude to top RHIC energy for the central
collisions and smaller in semi-central collisions
At pr <2.0 GeV, polarization at the LHC 1s smaller than the RHIC in semi-central collisions
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Long range correlations in ultraperipheral

PbPb collisions

Phys. Rev. C 104, 014903 3 [ (ol ] o T
Nucleus intact Nucleus intact > 0.96 T Pb+Pb1 V?W = 502 Tev o T 0. 1 4 '__ ATLAS Template F't i
() ) - 2.0<|An|<5.0 - | Pb+Pb |5, =5.02TeV 20<|An|[<50
\ N\ 004 Fit e vI Y o) - " 1.0ub"-1.7 nb"! 7
Rag;z;ity Gapﬁ;‘)‘z:\ally """ G+FY ¢ HM Data . 0. 1 2_ z u> 2 5 Oan 0 5 < ab < 5 0 Gev i
J Y, 02 HM 20 < N° <60 - Z,A7n - D <pl<d. ]
—— ' LM 15 < Ni° <20 - 0.1- 0.4<p:_' <2.0GeV pp bV, GiVy
\ \ "T ¢ v, Photonuclear p+Pb 4 Vv, §Vz ]
W o toraw -~ # v4 Photonuclear 1
— N / — 0.08- % -
T T E = I - * o o -
Nl\;|j Iltpl ; tk ’ Nh;ltlltpl ; tk P = _f 0_06_— 0] o - o o
C -value = 0.20 3
_4: | | 111 | | ? |1 | 1 1 1 | |1 1 | ‘ 1 1 | | | IT : + :
S LI LA L B B B B B LT DL [N DL T ‘ T ] T 1] | _
o1k ATLAS - S [ 04<p?<07GeV ¢ Data - Y3 ] 0.04¢ ¢ ¢ ]
B 1ot Pb+Pb, 1.0 ub™- 1.7 nb" ] =048 54 o PP <2.0GeV — yidse . yidee C .
25 102 F VS =5.02TeV, OnXn 'Lil: 04141 T 3 0.02+- + T ° 0 -
E _3 ot § ! E E B ¢ () N
’_*%10 ’M*’“",%’IOE %0-412:—” """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 0_1 P T S TN TN TN S T T ST S S Sl Y W A EPETETETE BT
<10 "3 S ol T - 20 30 40 50 60 70 80
:10—5 _é ' L1 1 |1| 11 I(l)\ 1 \JII 1 I2I 1 \S‘I 1 I4|-I [ Nrec
107 _ B Ad ch
—7 L N . . °
ot S 1 Significant nonzero values for v, and v; flow coefficients
£ P AN> < “ E
C ' _J = °
10 Han < %, as a function of N,
710 C Il Il Il ‘ 1 1 1 | Il Il Il ‘ 1 1 Il Il ‘ 1 1 1 | B
1070 20 20 60 80 100 120

Provide new information to probe the origin of collectivity

rec
Nch
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Summary

We did create a strongly interacting medium in A-A collisions at the LHC!

**Behave like a perfect fluid and explain with hydro
“*No strong energy dependence of the evolution of the system is observed

¢ Collectivity observed in small system? Which mechanism lies behind?

v Many interesting physics results in large, medium and small collision systems at the LHC

v" Future heavy-ion program at the LHC (Run 3 and 4) with the upgraded detector systems
will provide more exciting opportunities!

JQ. ﬁdﬂlé yﬂﬂ
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