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Our big thanks to all the speakers of our

sessions!

WG3 + WG5S Joint session (Wed)

Opportunities of OO and pO collisions at the LHC (20+5) Jasmine Brewer
Auditorium, LIP Lisbon 10:00 - 10:20
QCD and Relativistic Hydrodynamics from pp to AA (20+5) Christopher Plumberg
Auditorium, LIP Lisbon 10:30 - 10:50

WG5S Round-table discussion (Fri)

Role of MPI to HI
Auditorium, LIP Lisbon

Double and triple parton scatterings in heavy-ion collisions

Auditorium, LIP Lisbon

Role of MPI to HI
Auditorium, LIP Lisbon

Role of MPI to HI
Auditorium, LIP Lisbon

Round-table discussion

Auditorium, LIP Lisbon

Nestor Armesto

11:00 - 11:10

David d'Enterria
11:10 - 11:20
Leif Lonnblad
11:20 - 11:30
Andreas Morsh
11:30 - 11:40

Andreas Morsch et al.

11:40 - 12:00
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SeSSIONS.
Accessing the initial conditions of ultrarelativistic heavy-ion collisions YouZhou & Neutron production in ZDC as a probe of the dynamics of hard gamma A and pA interactions Mark Strikman
Auditorium, LIP Lisbon 10:00 - 10:25 Auditorium, LIP Lisbon 15:45 - 16:00
Overview on quarkonia and heavy-flavor physics at the LHC Luca Micheletti Heavy-lon Physics at the LHCb Cesar Luis da Silva &
Auditorium, LIP Lisbon HiE oy Auditorium, LIP Lisbon 16:05 - 16:20
Recent results on soft and hard probes at RHIC Yue Hang Leung & MPI & Jet Physics in Heavy-lon Collisions Xin-nian Wang
Auditorium, LIP Lisbon 13:55 - 14:20 Auditorium, LIP Lisbon 16:25 - 16:50
Overview talk on recent soft probes in heavy-ion physics at the LHC Prabhat Ranjan Pujahari @ Jets and UPC physics in heavy-ion collisions at the LHC Hassane HAMDAOUI &
Auditorium, LIP Lisbon 14:25 - 14:50 Auditorium, LIP Lisbon 16:55-17:20

Two-particle correlations triggered with strange hadrons in pp collisions at 13 TeV measured with ALICE &
Lucia Anna Tarasovicova
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H. Hamdaoui

MPI at LHC

Jets in heavy-ion collisions

Jets: colored probes from partons that R — Pb-Pb @
interact strongly with medium AA scaled®pp @+ -@

Jet quenching: partons in heavy-ion (HI) collisions

Momentum '
interact with the medium to produce: Medium

broadening response

/

— jet energy loss (suppression of high pT jet vields, correlation)
= jet substructure modification (jet structure and substructure
measurement)

Push toward

lower pT : (ALICE)

= Connection to RHIC

= Probes different scales and modification
expected to be different

= Quark and gluon fractions vary

and largeR:

— Possible recovery of the jet energy because of
out-of-cone radiation

— Possible difference in modification for larger jets

Hassane Hamdaoui (Mohammed V University in Rabat) MPI@LHC 2021 October 14, 2021 3

Several effects playing a role:
- Energy loss (gluon radiation induced by interactions with the medium)

- Momentum broadening (jets become more “fat”)
- Medium response (medium excitations from jet-medium interaction)

5



th NV ‘: £

MPI at LHC . ¢

S

X-N. Wang 1 2

- Spectrum and jet enerqgy is depleted.
@ P ) gy P

=

|
Pb-Pb |
,{-\LICE Preliminary

- Jet quenching dominates high part of the
spectrum
- MPIl dominates low part of the spectrum
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CMS Experiment at the LHC, CERN ‘
Data recorded: 2018-Nov-12 08:36:52.866176 GMT
‘ Run / Event / LS: 326586 / 2491137 /6
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H. Hamdaoui

photon+jet What is th " ’ d to the inclusi arXiv:2103.04377v1
at IS the new Intormation comparea to tne Iinciusive ﬁ= 5.02 TeV, PbPb 1.7 nb™, pp 304 pb’

measurement ?

* Quark dominated jet sample. C gei PbPp  Cent. 0-30%
) . . . e 20r
* Testing role of parton virtuality when comparing Z- and o) -
vt 5 4 P . y paring Excess Not g : ‘Z’ ps?oe .
-tagged measurements. . - pZ> eV/c
&8 , , describedbyany | = 15} Pr. 4"
* Accessto low pT (jet) region. N N [P >1GeVie o |
model o £ LA $° ]
- | S 10p $ g
< o ]
© |o 5ted ¢ o ]
Phys. Rev. Lett. 126 (2021) 072301 N Spupey o ]
' (2021) | B CMS
* s {5 = 5.02 TeV, 260 pb” 1 D o7 | .
it (‘)‘-.1’(';;: Pb+Pb/ pp PosPb, ‘E;_(;')“Z =T§.\c’)22$2v?b1 417nb" | ﬁg:: dpiﬁ;i? Gev O.
;mpb'36200121 e ; = 420.1 GeV 3} =©-|Data, 15 < p7 < 30 GeV | [=@=]Data, 30 < p7 <60 GeV | s ColBT-hydro | - Hybrid . ColLBT
E::nr_: 999067412 ’_ ARR:7 Sy W SCET,; (9=2.0102) 6 " o o
2018-11-15 22:59:24 CEST =324 v 2r JEWEL i W/O wake
£ o 4F w/ wake
0 g \4
07| 2f
0.5¢ s
0.4f
0.3F
0.2¢ A | e T a2 2 s aaal 1 PRI | PR
1 2 3 4 567 10 2 3 4567 10 20 2 3 4567 10 20 3040
P [GeV] P [GeV) P [GeV]
Similar trend to what we see in photon tagged jets.
Hassane Hamdaoui (Mohammed V University in Rabat) MPI@LHC 2021 October 14, 2021 6
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M Data recorded: 2018-Nov-12 08:36:52.866176 GMT
2 B Run/Event/LS: 326586 / 2491137 /6
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X-N. Wang

MPI subtraction in Z-hadron correlation

—— Pythia+recom 4 CMS VS =5.02 TeV

photon+jet AYwp from sub

===+ AYwmp; = Ympion — YMPIoff

Medium modification
of MPI: low pT
enhancement and
high pT suppression

| =7 ColLBT-hydro 4 CMS
' AYwp from sub

Y = 1/NzdN°"/d|Ad|

] === BYmp1 = Ympion = YMploff

. 0-30% Pb+Pb
| ===t

No correlation with

Z/'Y-jEt | B3 CoLBT-hydro 4 CMS
B ColLBT-hydro (MPI sub)
| ===- CoLBT-hydro (MPI off)

Pb+Pb, 5.02 TeV

Run: 366011

Event: 999067412
2018-11-15 22:59:24 CEST

MPI will induce constant

background on away-side jet | 0 05 10 15 20
Mixed event subtraction o" — ¢Z

dNPE,  dNPZ /’” d¢ ( NhZ thZ|¢_1)
1

dé do

do do
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Z+Jet V\.
S CMS Experiment at the LHC, CERN ‘
,:; Data recorded: 2018-Nov-12 08:36:52.866176 GMT
A B Run /Event /LS: 326586 / 2491137 /6
: 3 \ 3 h }., : v, 4 s
. » T
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X-N. Wang

Enhancing the diffusion wake

(a) — i pl<0.8
— — - ety .y
pY € (200, 250) GeV/c no cutin pr/py

2€(1.0, 2.0) GeV/c
K)T /‘){ < -'().:2

py =100 GeV/c
R=0.4

— ppt<0.8

- = N0 cut in pF'/p¥

Pb+Pb, 5.02 TeV

Run: 366011

Event: 999067412
2018-11-15 22:59:24 CEST

= 420.1 GeV
*t = 289.7 GeV
*l = 3.74 TeV

jet-induced medium excitation + Z-jet
-04 -02 00- 02 04 06 08(GeV/fm’)

. — —
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Diffusion wake visible in 0-10% Pb+Pb @y S = 5.02 TeV

asymmetry classes 5 0 : ; ;
A¢hjet s ¢h_¢jet
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Deferential jet yields measurement w.r.t. reaction plane.
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H. Hamdaoui

Jet anisotropies

Out-of-plane ATLAS-CONF-2020-019 o
alice-figure.web.cern.ch
— — ~ \ >N ,_' T Y I T T Y T | I T T T T | .r .1 T 1 _|| o 0 35
\ 0.15 - ATLAS Prellmlnary - .2>~ ' ALICE Preliminary Pb-Pb |5, = 5.02 TeV, VOM: 20-60%
A9 4 7 -Pb {5, = 5.02 TeV, VOA: 0-10% =] incusive v,
\ - Pb+Pb VSNN =5.02 TeV, 1.72 nb ! i - 0.3 : 1 ﬁ_m v: ‘ * Jot-particle v, ™™= > 2.0 GeV/c
- . . N 1.7 = Jet-particle v_, p*™* > 0.5 GeV/c B Jet-particle v, p7™* > 3.0 GeV/c
...............................\'...D. — antl-k( R - 0'2’ I.yl < 1‘2 = 1.7 = Jet-paricie v;.::"“>l GeVic =uE szmda yy::‘“>5060v,(c
reaction plane W 0.1 — 20-40% . 0.25 IR Atpaiary - > 100 Pb~Pb {5,y = 2.76 TeV, VOM: 30-50%
/ " . ’ Phys.Lett. B 753 (2016) 511-525
/ : : 0.2 | vi ™, Statunc.
7/ O 05 j E H o | Syst unc. (shape)
” ’ B B - Syst unc. (correlated)
~ o - L E @ ¢ ’ i - 0.15
: v * |
0 [ | ] 0.1 _+_
[ @EEED 20-40% Jet, this result (¥ ] 20-30% CMS h' i 0.05 ' +
—0.05— ] 30-40% CMS i C I 20-30% ATLAS 2.76 TeV Jet _| E
UV o) 30-40% ATLAS 2.76 TeV Jet [ W) 30-50% ALICE 2.76 TeV Jet | 1 :
- L i l i L i L | 1 i L i | i L i 1 | L 1 L 1 TI 0 1 1 10 102
1 1 2 2 '
p, [GeV]
Lower pT reach in ALICE allowing a general picture of v2
Consistent results from the LHC experiments measurement
Hassane Hamdaoui (Mohammed V University in Rabat) MPI@LHC 2021 October 14, 2021 8
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MPI at LHC

) Heavy flavors & QGP

d Quark-Gluon plasma (QGP): state of matter in which quarks and gluons are no more confined into hadrons

Ll

> From Lattice QCD calculations: 4 Open heavy-flavor hadrons and quarkonia

7 K. P, ... o & ~ 0.5 GeV/fm? experience the evolution of the QGP
f T o T, ~ 150 MeV

] Open Heavy Flavors

niral n =
Ce rlaragoo’3
®

—’

> Very rapid space/time evolution

T 10 fm/c > Partonic energy loss characterization in QGP
QGP ™~

> (Coalescense vs Fragmentation
" Heavy quarks produced in the first phases of the collision

Ty ~ 0.05 - 0.1fm/c 8 .

> (Quarkonium suppression

(to< 1 fm/c)

I Open HF and quarkonia ideal probes to study QGP
¢ P 1 P yQ > Regeneration of heavy quarkonia in QGP

v

2
MPI at LHC Introduction Luca Micheletti O

beam
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27.4 pb” (5.02 TeV pp) + 530 ub” (5.02 TeV PbPb)

==Y G /ST
~ (SR~ A/AER
P AR\ (VS
1NN > YD ‘\T\‘
4'\ L / /,.:“
—) —) .
/
{

- CMS = |0+ D
1 .6:— e charged hadrons
T nonprompt J/y
1 2"_ . + 18<l|y|<24 Y' Hang Leung
- Thaaand lumi. * |yl <24
1”_Uncerta'nty ................................................... s 18 s Au i<t ’ ‘ 4 < L2y T T T
< B = 4 1.6 _ ‘ 2;)0 Ccl\.'.lp' > 0.15 GeVie, |y |<0.5 STAR Preliminary ﬂ z< s STAR Preliminary
m( i +‘+‘+ =g : 42_ ® 544GeV,p >02GeVie E > 1 o This analysis: pT>0.2 GeV/e PbePb 0-5%
- _+_J.¢ - ; A iy 4 ]
0.8 4 : 624 GeVpy >0 GeVl .‘ -, ! Theoretical curve !
. 1.2+ 39 GeV,p, > 0GeVie - i — Total Pb+Pb 0-10% |
- 1 +p uncertainty .
0.6 + + B [ 1Frg4——————— p—p——~. 0.8 ---- Primordial ]
i .".on. i | + 0.8 _ _ - Regeneration 1
0.4 iuanupl o} 08 i § ; 06 a
- | |y| <1 0.4 - ﬁ . B . 3 04 | Pb+Pb 0-20% H AutAu 0-10% |
- hed : @ : 4 -
0.2 Cent. 0-100% 02} | - ~
0 1] Ll S ““12 — 0 6 50 100 150 260 zgo 360 3.%0 460 450 0.2_— Au+Au0-20% """""""""""" 3
1 10 10 (N, e
p. (GeV/c) e Suppression of J/{ in Au + Au collisions e -
T : . - 10 100
at 54.4 GeV observed with high precision USyx (GeV)

> Differet trend for py < 20 GeV/c for different * No significant energy dependence of J/{ Raa in central collisions from 17.2 to 200 GeV

hadron species e At LHC energies, J/J Raa increases due to regeneration

> For pr > 20 GeV/c universal trend for all the e Interplay among dissociation, regeneration
hadron species (dominated by energy loss?) ...

L . >
MPI at LHC: Yue Hang Leung - Lawrence Berkeley National Laboratory 7
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CERN

Bottomonia in Pb-Pb collisions
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— ATLAS Preliminary

- pp, Vs=5.02 TeV, L =0.26 fb”
— Pb+Pb, \/s,,, =5.02 TeV, L = 1.38 nb”

1

Krouppa, Strickland

P, <30 GeV, |y|<1.5 pT<40 GeV, ly|<2.4
it g
\ 1, — nn/s=
™, = Y(29) == T(1S) 4n1)/s=3
. Y (2S) 4n)/s=1
— Y(2S) 4n1)/s=2
- == T (2S) 4nn/s=3

>

—

—

>

0)p)
Ll

lllllllllllllllll

lll]lll]lll]lli
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(N )

part

(ff—"\
ATLAS

ATLAS measured Y(nS) nuclear modification

factor in Pb-Pb collisions

> Results in agreement with mode
hydro + in-medium dissociation

& arXiv:1605.03561

l including
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C. Da Silva

. [ T I T T T I T T T I T T T I T T T I T i

; 0.18F LHCb —+ pPb,Pbp 8.16 TeV -

o) o
& 0.16E

i,

—4— pp 8 TeV

MPI at LHC

Pb—Pb collisions

& 008 1220 S
= 0.06} .
— 0.04} .
002k pT<25 GeV/c E

F ! Ll ! |
R S A

y*

2: L I | T L

& 18FLHCb JHEP 11 (2018)194
Z S L6t |comovers _:
Lem X 14F :
W & 12 RYES)/TAS) ]
g;,& B (pPb|Pbp) /pp ]
Q/.D?. 08: //’ﬁ_7 E
%" 5 . E//’/-// 4
R T pYGS)/TAS)
N (pPb| Pbp)/pp 1
0.2F Sxu=8.16 TeV
TR TR T T T YT WY W AT WY WY WAN SN SN SN T N N

0 —4 -2 0 2 4
y*

MPI -

14

s\n=8.16 TeV, pPb

/ gf)
S

- LHCb

> X
gsooi— 3
= f W Y (nS) 5
Q400F  fl Background -
23000 — Total
= 2d
5 8
heo] C
= C
cc -
OV

of

9 0 11
M(utu) [GeV/c?]

NATIONAL LABORATORY

EST 1943

* No apparent breaking of Y(1S) and Y(2S)

 Significant breaking of Y (3S) at backward

rapidity as observed in y(2S)

Heavy lon in LHCb - Cesar da Silva
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Energy Dependence of J/Y Suppression

- 1.6 ' . l . ' . ' . l . l . ' - 12 R.Rapp et al PRC 82,064905 (2010) (private comm.)
o 1.4;_ 0%-100% p+Au ns(;::g& G“;V () m‘t i | . STAR Preliminary
1.2 ” PHENIX 5 1 o This analysis: P> 0.2 GeV/e PbePbO5%
: A S i Theoretical curve ]
1: i — Total Pb+Pb 0-10% + .
0.8} 0.8 - Primordial I
0.6 - Regeneration :
0 41_ 0.6 |- B
02k e Erparg (omsey ) L EPpers Snan) s Am romeas I asaangen i
s nGTEQ15 (Shao) nCTEQ15 + Abs 041~ § | B
o | N 5 3 | N 1 M | M 1
-3 -2 -1 0 1 2 3 .=
y 0.2-_ AWRAWO0-20% el -
e Effects beyond nPDF modification alone - .
are required to describe quarkonia T, Y
production in p+Au at backward rapidity IS\ (GeV)
.
* No significant energy dependence of J/y Raa in central collisions from 17.2 to 200 GeV
e At LHC energies, J/P Raa increases due to regeneration
e Interplay among dissociation, regeneration, cold nuclear matter effects
L J
! 2;}")' at LHE:._: Yue Hang Leung - Lawrence Berkeley National Laboratory 8
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C. Da Silva

X(3872) Suppression

A

. Los Alamos

NATIONAL LARBORATORY
EST. 1943

Comover Interaction Model, Esposito et al.

Compact {H% Molecule
i (geometric)

tetraquark

-+ b decays

PRL 126, 092001 (2021)

[EPJC81, 669 (2021)].

molecule.

— S v aL |
L) . 0.14 — LHCb

e +E - pp \s=8TeV - Prompt
S (& 012 - p.>5GeV/c

S22 F T

0 N 0l \ . Molecule

a /’]; - (coalescence)

> v 0.08 :

A N ;

IS 0.06 |— $

Sl "F

| -

A 0.04 |- L #

5|2 = 1

;3 S 0.02 —

© © E

100

150

MPI - Heavy lon in LHCDb - Cesar da Silva

§..§Illl|lll|IllIlllIlllllllI

|

200
VELO
Ntracks

Particle comovers break X(3872) on a level consistent with tightly bound fetraquarks

However, in PRD103, 071901 (2021) the suppression 1s consistent with a X(3872) being a

16
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arXiv:2108.00908 [nucl-ex] th QO
Y. Hang Leung STAR 1 2 y &7

MPI at LHC{/

( )) K.
/
1\ \

Ihe o~ i ’

Au+Au Collisions (10-40%) gE\SNU?_ _|C_SSEV

0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
(m_. - m)/n, (GeV/c?)

NEW:
- Disappearance of partonic collectivity at 3 GeV
- Transport models with baryonic mean field reproduce the data trend (new EoS?)

20
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Y. Hang Leung

arXiv:2108.00044 [nucl-ex]

| 1) | 1 L B A I . . ) ) ) L ) l 1 1 1) L]
y— —l
—

STAR ‘o .
| @ 3FD
10 + ’ -
‘Q? 0 - 77 AMPT
T R P TR Chiral Kinetic -
8 F — - UrQMD+vHLLE -
Energy dependence: : = led 18 — 0.732
- Vorticity is strongly affected ' A A R TEEAA ‘
- \ Global Polarization strongly 6 ] * STAR 20-50% Au+Au, 2021 .
affected at 3 GeV (very different from % Y STAR 20-50% Au+Au, '07-'18 | -
nigh energy) 4l B O ALICE 15-50% Pb+Pb _‘
ol _
10? 107 10°
\/ SNN (GeV)

21
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SC(2,3,4)

0.1

-0.1
-0.2
-0.3
-0.4

-0.5
-0.6

0.06

x10™ (a)
0.04
it 0.02
— X 0

R F -0.02
* ] ALICE | : + -0.04
....... TRENTO \ -:;— —'0.06
- EKRTIS F ALICE Pb-Pb |5, = 2.76 TeV \ ' -0.08

S EKRT, 7/6 = param1 F 02<p_<5.0GeVic . -0.1
&= T.ENTo0+EBE-VISHNU, MAP E i< 0.8 _0.12
+ -0.14

0.2

0.15

0.1

0.05

0 10 20 30

40 50 0 10 20 30 40 50
Centrality percentile Centrality percentile

12t
2
Multi-harmonic flow correlations in PbPb collisions
ALICE
_ Phys. Rev. Lett. 127, 092302 (2021)
§ Centrality dependence of the SC(k,l,m) are
in good
agreement with the predictions from the
hydrodynamical models
Indication of correlation between flow
harmonics
g (v2, v3, v4) during the medium evolution
5
n
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PRL 126, 122301 (2021)
ATLAS

Longitudinal decorrelations for harmonic flow: PbPb vs XeXe

(b)n=3
PbPb

I:XeXe /F
® Data

Xe+Xe |s,,, = 5.44 TeV, 3ub
Pb+Pb |s,, = 5.02 TeV, 22pb 3

FEELEREEE
60 40 20 0 60 40 20 0 60 40 20 0
Centrality [%] Centrality [%] Centrality [%]

XeX PbPb :
QF5°7C > F, Reverse ordering for

0 FXeXe < FPbe n=2 and 3
Hydrodynamical models fail to describe the longitudinal

PbPb flow decorrelations

DFXeXe ~ F,
23
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Round Table

e What can we learn about MPlIs in Heavy-lon collisions?

e What are the current experimental and theoretical challenges?

e Complementary of future LHC data with next machines like FCC, EIC, etc for studying MPI in nuclear
targets

24
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Questions raised this morning

Challenges:

e How can we constrain multiparton densities? Can we design a program analogous to that of

PDFs (or TMDs)? '
s (or TMDs) D. d’Enterria

e Better evolution towards small x.What we have, ]IMWLK@resumNLO, has several limitations.

e Can we extend the relation between the TMD formalism and the CGC at small x to
multiparton densities? We need it if we want to use low energy results for higher energies.

Summary: TPS studies with heavy ions

m What's the parton transverse density of a proton? Its energy evolution?

e |s there a relation between different, strong and weak coupling approaches, for the initial stage? How do partons correlate (kinemat., quantum numbers) transversely?
As examples: A m Triple hard parton scatterings in p-p collisions:  (ciosely related to DPS in the
=» CGC — Glasma — flux tubes — string models. WL, o ; e e e absence of parton correlations):
-» Kinetic theory or AdS/CFT — macroscopic I i TPS M\ 9hh'—sar " Thh’—as " Thh'—as = (0.82 + 0
. 2. Thh' sajazaz — o2 Ot Trs (0.82+0.11)0 ff,DPS
d iption by vi hydrodynamics. Tl RSP = : L 3! o o
escription by viscous hydrody ,7 L Teff TPS
o £5 200412673 : . ' ) )
e Final state effects, if any, are also enhanced in the nuclear case. / R ] = T”F_)I_e charm amounts to ~15% of mCIUSIV.e charm x-sections in p-p
T T e collisions at the LHC. Triple-J/W¥ fully dominated by DPS/TPS: “golden
o (: ” . qst H
e Centrality dependence of nuclear effects? @ 70 b channel” to extract o, : 1>-ever observation by CMS.
Role of MPI to HI. N.A to, 15.10.202] 5 . . 7 "
e — m Derived TPS x-sections “pocket formula” for p-A:
- oSPS L oSPS . gSPS . A 3 F b1 -1/2
N. ArmeSto ngAs—mbc — (g) pN— — pN—b “pN— O off. 18,08 = — " ;Aif:l)q ] + Coa[mb2]
T eff, TPS,p A et TS e

m Large TPS yields in p-Pb, e.g. o_.(triple-ccbar)=200 mb (~20% of incl.
ccbar x-section): provide useful independent extractions of o .
[Don’t be shy to attempt a 1*-ever measurement in p-Pb...].

25



Questions raised this morning

‘ A. Morsch

Strings (MPI) vs. the conventional AA thinking

>

>

MPI+strings similar to Glasma?
Shoving similar to (2+1)D longitudinally invariant QGP?

Ropes similar to strangeness enhancement in QGP?

Swing similar to jet quenching?

MPlin AA

9 Leif Lonnblad

L. Lonnblad

Lund University

th

12

)8
MPlat LHC3. -

* Centrality dependence of mid-rapidity multiplicity

* S-shape consistent with “hard+soft scaling”
prart + (1 _f )Ncoll

* But shape almost energy independent!

* Simple explanation for this geometric scaling ?

e Higher \/E would provide additional lever-arm.

What can we learn about MPIs in Heavy-lon collisions?

« — What can we learn about Heavy-lon collisions from MPI?
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