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Heavy-1on collisions & QGP

* Quark gluon plasma (QGP): a state of matter consisting of
deconfined quarks and gluons

— Believed to have existed momentarily after the Big Bang
* (Can be created in relativistic heavy-ion collisions.

Energy Stopping Hydrodynamic Ty R
Hard Collisions Evolution Hadron Freezeout

Initial state

I, T. Nayak, arXiv:1201.4264 |
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Main goals of heavy-1on physics

Characterize and understand
the properties of the QGP

— How do they come about?
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* Map out the phase diagram
and search for the possible
critical endpoint

* Multi-messenger approach

| https://gdrqgcd.in2p3.fr/working-group-2
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Major facilities
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*PHENIX completed operation in 2016
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Charged particle production in p+Pb

T. Boettcher (Thu. 14:00)
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Coherent J/y production in UPC

V. Pozdnyakov (Fri. 12:10)
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* The nuclear gluon shadowing factor is found to be ~ 0.65 at x values ~1073
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Probe nuclear deformation at high energy
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RuCentrality 5 21 0.2%
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e Ratios show non-monotonic trends
* Based on AMPT model, one extract f, g, = 0.16 £0.02, f5 .= 0.20 = 0.02
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Jet quenching

R, = 1 dNg,/dpr
44 (NcoH) dep/de

v Raa = 1: no medium effect
v' Rua < 1:energy loss

p+p A+A
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Coherence dependence of jet energy loss
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Ojet > Omedium

ATLAS-CONF-2022-026

* Jets that can be resolved by the QGP lose more energy
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D. Hangal (Sat. 13:00)
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Pathlength dependence

= 140 : ; , ———
B2 - ATLAS anti-k, R=0.4 = T. Rinn (Sat. 13:30)
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* Jets traversing longer pathlength lose more energy
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Prompt and non-prompt J/y v,

D. Moon (Fri. 11:50)
CMS-PAS-HIN-21-008
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e Sizable v, up to 50 GeV/c, due to pathlength dependence of parton energy loss

e Large fraction of prompt J/yy coming from gluon fragmentation, which loses energy
before fragmenting
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Mass dependent energy loss

* Expectation: AE, > AE,

N. Apadula @
(Thu. 13:00)
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ALICE, Pb-Pb, \s, =

5.02 TeV |

ALICE, arXiv:2202.00815

| 1 10
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25

PHENIX

Au+Au, min. bias

\Snn=200 GeV

— PHENIXc —»e ]
— PHENIXb —»e ]
STARc —»e ]

o STARb —e

C. Nattrass
(Thu. 16:00)

p? [GeV/c]

* Charm quarks lose more energy than bottom quarks

| PHENIX, arXiv:2203.17058
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Quarkonia - QGP “thermometer”

* Quarkonia of different binding energies melt at different

temperatures in the QGP P. Petreczky (Fri. 10:30)

ST | | I AR BRI A ISR A

— 334 MeV

R E i 00 02 04 06 08 10
r (fm) r (fm)
* Imaginary part of potential lead to melting

T..«(Y(1S)) > 500 MeV, T, (Y(2S)) ~ 360 MeV, T,..(Y(3S)) ~ 220 MeV

| Shi et al, PRD 105 (2022) 014017 |
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Events / (0.075 GeV/c?)
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* First observation of Y(3S) in heavy-ion collisions

e More loosely bound states are more suppressed

0. Evdokimov (Thu. 13:30)
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True thermometer: di-leptons
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L. Ruan (Sat. 14:20)

* QGP radiation within 1 <M < 2.8 GeV/c?
* Slope directly related to system temperature
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Charm quark hadronization

D. Thomas (Fri. 11:00)
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* Significant enhancement in Pb+Pb than p+p around 5 GeV/c
* Can be described by coalescence+fragmentation hadronization
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Theory collaborations
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More lattice-QCD statistics

D. Bollweg (Thu. 14:30)
HotQCD, arXiv:2202.09184
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* Multi-year campaign generates large statistics
« Equation of state up to 8™ order
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JETSCAPE framework

* A modular framework one can swap out different components

JETSCAPE Event Generator

) 2
) 2

Initial geometry of
Nucleus-Nucleus collision

b
=

o

4 UV o
H ¥V B v

Viscous Fluid Dynamics for
Medium

Initial state
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JETSCAPE, arXiv: 2022.01430, 2010.03928 |
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* Bayesian analysis to extract medium viscosities
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* Bayesian analysis to =

Constrain transport coefficient

e We parametrize with

4ED| pcp

13

00
V4

4_,,)2
9

1.6

141

1.2

Sos
06
04

extract jet transport .
coefficient

141

1.2

g
£08
06
04
0.2

|

A [In (%) - ln(B)] . c [m(

AuAu 200 GeV Posterior
Data from PHENIX

[ =0-10% Centrality

|8 40-50% Centrality

- -Median

1 PbPb2.76 TeV Posterior

T *0-5% Centrality 7

T --Median 73

Data from ATLAS

8 30-40% Centrality

o

LAAAALAAAM MAAA AaMd i
1 PbPb5.02 TeV Posteric [

A
JETSCAFE

Data from CMS

I 0-10% Centrality
8 30-50% Centrality
- -Median

012146
P, (GeV/c)

o (GeV/c)

FPPPT IV TOT TN PP OV | /PP TOPOT TR PO TP PN TP PP
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 90

P, (GeV/c)

T T T T
AuAu 200 GeV Posterior
Data from PHENIX

- #0-10% Centrality

8 40-50% Centrality
==Median

T PbPb2.76 TeV Posterior

I *0-5% Centrality -

T --Median z

Data from ATLAS

{8 30-40% Centrality

I PbPb5.02TeV Posteric |

Data from CMS

- #0-10% Centrality
8 30-50% Centrality
= =Median

A
JETSCAFE

0121476
P, (GeV/c)

P, (GeV/c)

TP PRV TP TV PRV OV PP | TPV TOVOT TV PO TP PN TP PPN
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 90

P, (GeV/c)

A. Majumder (Thu. 17:00)
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The future 1s bright

High-statistics data taking (Au+Au @ 200 GeV) through 2025

RHIC ; *H, i ) pl— i ;
) \ M. Connors (Thu. 16:30)
High luminosity Today HL-LHC &
for ions ) i . : 2
LHC 2019 | 2020 | 2021 | 2022 2023 | 2024 | 2025 | 2026 | 2027 | 2028 K 2029 A 2030 | 2031 | 2032 | 2033 | 2034 K 2035 A 2036 | 2037
ALICE3
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QGP “thermometer”

Quark-antiquark potential color-screened by surrounding partons =2 (static)
dissociation

.

Temperature T<T Temperature T>T
P @ g g

Jhy T_T r_ ~1/E
® ® q4q

r

“Thermometer”; different states dissociate at different

temperatures = sequential suppression

T. Matsui and H. Satz, PLB 178 (1986) 416

> rD~1/T

binding

02T, 0.74T, 11T, 23T,

€ (GeV/fm®)

Y(3S) Y(2S)
Y(1S)
I T . [ —
E, ~ 640 ~ 60 ~1100  ~500 ~200 0t I
(MeV)
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Charm quark diffusion coefficient

: L IQCD, L. Altenkort et al, PRD 103 (2021) 014511

- T IQCD, H.T. Ding et al, PRD 86 (2012) 014509

: B 1QcD, D. Baneriee et al, PRD 85 (2012) 014510
: B STAR, PRL 118 (2017) 212301

- I ALICE, PLB 813 (2021) 136054

- B ALICE, JHEP 01 (2022) 174

| I — l | I l 1 1 1 I | [ ] l 11 1 l 11 1 L i I — l 11 1 l 11 1 l | Y ]

2 4 6 8 10 12 14 16 18 20
2nD, T, at T, ~ 155 MeV

D. Thomas (Fri. 11:00)

| ALICE, JHEP 01 (2022) 174 |
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