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——— Perturbative QCD =———1 b—— Hadronization —

'How much of the framntation

| Canqexperiment guide our uderstandingj
| of the hadronization process? |

process is perturbatively calculable?
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From partons to hadrons %E
Jet production Jet substructure
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. . Mapping the transition from
Direct connection of hadrons to pQCD perturbative to non-perturbative QCD
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Heavy flavor hadronization
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Charm baryon-meson ratios partially explained by models with modified hadronization mechanisms
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What have we learned about charm hadronization? %
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Softer fragmentation of A7
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Deuterons
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Wealth of new experimental constraints on hadronization models
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Can EW probes provide new
constraints on nuclear PDFs?

nucleus as a function of x, Q??

'How are gluons ditited in
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Isolated prompt photons

Constrain low-x gluon nPDF
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See also: p-Pb results
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Long distance «—» Short distance

AE ;g m, n,

T AEY pTr pTR Q

Variety of probes with complementary strengths

Resolution scale
Connection to lattice, pQCD
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Which jet observables will provide new and
interpretable information about the QGP?

" Long distance «—» Short distance

/ perturbative QCD
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Semi-inclusive jet correlations
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Complementary approaches to reach low-p, large-R phase space
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® Jet substructure ®

ALICE Focus on observables that are calculable, corrected, and complementary ALICE
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Detailed phenomenology of in-medium fragmentation — connections to QGP resolution length
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Nica Event shape engineering
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Suppression of out-of-plane jets relative to in-plane jets

. . . . See also: high-p+ v,
—— Probes interplay of energy loss with expansion of medium arXiv:2212.12609
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Can heavy-flavor quarks provide an |
additional handle on jet-medium interactions!?

" Long distance «—» Short distance

mc mb

perturbative QCD
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b quarks in Pb-Pb Wednesdoy 5:00am
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: k0.8 DREENA-Bc — e
1oL = lyi0. DAB-MOD M&T b (— ¢) — e-
[ e lyl<0.6 DAB-MOD M&T ¢ — e i
T -
Consistent with models of
0.8 - b-quark energy loss
0.6 |-
0.4 | i
0.2 |-
5 I ] See also:
—_— arXiv:2303.13349  ¢,b — e in pp, p-Pb
0 5 10 15 20 25 JHEP 12 (2022) 126  Non-prompt D° in Pb-Pb
p_ (GeV/c)
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https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#80-heavy-flavour-leptons-and-n

Can the dissociation and regeneratlon of

quarkonlum states eluudate color screenmg’

'/ Long distance — Short distance

AEJ/‘P

' lattice QCD, pQCD
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Pengzhong Lu C h o %
Tuesday | |:10am al"mOnlum ALTGE
Victor Feuillard
ThurSday 9:4Oam i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

<
<
- Pb-PDb, \{s,,=5.02 TeV 0
See also: Inclusive J/y = 1.4 " CMS, ly I <1.6,0-100%-

cms

arXiv:2303.1336 - ALICE, 25<y  <4,0-90%  (EpJC78(2018)509) :
1.2 © Jp (JHEP 2002 (2020) 041) o J/y» —
L e y(29) $(2S)

g e O
Measurement of J/y, y(25) : TAMU .
down to p = 0 - S -

Pt V(2S)
w(2S) JIy —

Rya™— <RyA
[ @] .
Less suppression as pr — 0 h
RecombinatiOn O : ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] U ] ] ] ] :
0 S 10 15 20 25 30

p_ (GeV/c)
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https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#59-the-measurements-of-jpsi-pr
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#48-psi2s-production-in-pb-pb-i

Temperature
B-field
Vorticity
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Ana Marin
Thursday 9:00am

Raphaelle Bailhache
Tuesday 3:00pm

wmromeeen  El€@Ctromagnetic radiation

Sensitive to QGP temperature Poster: lerome Jung

Poster: Jens Robert Luhder
Poster: Joshua Koenig

Photons

&G 102:I T | L | L | L | L | | | L | [N | L I_:

Pl - ALICE Preliminary .

S § Pb—Pb \s,. =2.76 TeV -

. 10F ] 0-10% E
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5O ¢+ | 20-40% .

I - 2

ge - - e e
R e g New preliminary
() 3

107 N S _

F — —
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el e = b

- ] == = E

- = x 10 1

- @ { S ]

107° El —

= Aexp(-p./ Te) o .

: — 0-10% s :

1074 T =343 = 32 (stat) + 68 (syst) MeV . .

= — 20-40% -

- T =339+ 38 (stat) + 64 (syst) MeV ]

| - 0-10% i

107 T _406+ 19 (stat) + 36 (syst) MeV =

- e 20-40% :

- T, =458 + 25 (stat) + 40 (syst) MeV -

6 _

1 0 L1 11 | L1 11 | I | | I | | L1 11 | I | | I | | L1 1| | L1 1 |-

05 1 15 2 25 3 35 4 45 5

P (GeV/c)

Direct photons: extraction of T’

(GeV/c?)™

ev dmee

2

ratio to cocktail ratio to cocktail

Di-electrons

0-10% Pb-Pb at |s, = 5.02 TeV == Cocktail sum (POWHEG x <N_>)
0.2<p_ <10GeV/c,|n| <08 == Cocktail sum (POWHEG x <N_> x Ran °)
e e

108 00<p. <8.0GeVic — Light flavor — e'e”, e'e"X
T.ee Jy — e'e’, e’eTy

—cc —> e'e” (POWHEG x <N_ >)
—bb — e*e” (POWHEG x <N_>)
---CC — e*e” (POWHEG x <N_ > x Rar °)
---bb — e*e” (POWHEG x <N_,> x Ran )

102

107"
1072
“,,-""' v TN - uQ,“\n- ey
109 & T e )
v"l"\ ""l‘ll“‘ ~
at“_ Pl LR MR 1
« l“r"‘
“I‘M|"" y A
3 - 1 1 - [ 1 1 ! 1 \ [ ! [ I ! [ I ! [ I B \"'r‘.. Y ind,
o0& = cocktail + QGP + in-medium p (R.Rapp, Adv. HEP. 2013 (2013) 148253) =
SE- —— cocktail + QGP + in-medium p (PHSD, PRC 97 (2018) 064907) IE
1.5E- =
5
0.5E= =
3 E_ """"""""""""""""""""" _g
25E —=
2E- =
155 =
1
0.5

Hint of low-mass thermal excess
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https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#44-thermal-radiation-and-direc
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#46-direct-photon-production-an
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#84-first-results-of-dielectron
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#270-topological-separation-of
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#109-measurement-of-neutral-mes
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#105-measurement-of-omega-meson
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#52-measurement-of-omega-mesons

Quarkomum
(<® 06 - ! I L L
0.5 _ ALICE Pb-Pb \/ =5.02 TeV E
045_ Inclus.lveJ/xpeuu 25<y<4
03F arXiv:2204.1017 |
0.2
0.1}
0,
0.1}
025 4 30-50% Event plane -
_O 3 - I I I | I I I | I I I | I I I | I I I | I I I .
0 2 4 6 8 10 12
P, (GeV/c)

Charm polarization

Sensitive to B-field, vorticity

Andrea Ferrero
Thursday 9:00am

Evidence for non-zero polarization

James Mulligan, LBNL

Poo

ALICE Highlights, HP2023

0.6f

0.5

0.4

0.3

0.2

ALICE

—AL|CE
. pp, Vs =13 TeV

ifils

arXiv:2212.06588

O .

- Data PYTHIA 8 + EVTGEN |

i s c — D c — D* 1
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+ Spin alignment in pp baseline
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https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#47-quarkonium-polarization-in
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#82-measurement-of-mathrmd_s1-a

y Can we establlsh the imits of QGP formatlon b)ﬂ

studymg small systems’
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Quarkonia

Ailec de la Caridad Bell Hechavarria
Wednesday | |:30am

Strangeness Charged particles

Mario Kriiger
Tuesday 9:20am

Ishaan Ahuja Ryan Hannigan
Tuesday 9:00am Tuesday 5:30pm

Poster: Mustafa Anaam

Strange-hadron correlations

Poster: Tabea Maria Eder

Bottomonium at forward y

o T
A - .
0 12] arXiv:2209.04241 arXiv:2211.15326
Z L ‘Y(1S) E 1'O8J_""|""|'
—— n . . ] B . . |
~ 10F  AucEpp 5= 13Tev 2 New preliminary S ol o PP collisions, charged particles - -
N Y(S) > w25 < y <4 /1| — o4 1| = 1960 11<0.8,0.15GeVic<p_<10GeVic )
3 -E - ey =X / EE 0 352_ ALICE Preliminary —— Underlying Event = % i i
8 ; cac 1| <="""F p-Pb|5.=5.02Tev —m— Away-side (Jet) 4 | 2 1.04 .
s g — erpomeron / I fe E 40 NN 3.0 GeV/ —eo— Near-side (Jet) = S - .
< | T EEPYTHIAS2 J/ Ll ® OOSF YU Pryg < ¢ —w— TotalWet+UE) | T 4ol B
OlL 6 2 PYTHIA 8.2 (no CR) y -7 - % 0 5F- 1.5< P <25GeVie Mult. uncor. syst 3 Q - -
] - = —= =~ JAn| < 1.2 - ~ - -
- L=t - D u ] .
] >- 02:_ _: 1: ".'.."":
015 = 08 Y —13TeV -
o1 R wmTTTTT — 0.96 _‘ e o —8TeV —
- = e — 7 TeV -
0.05- E 0oult Mt —PYTHIA8.306 —5.02TeV -
:l 11 1 I 11 1 | 11 1 1 | 11 1 I 1 1 1 1 | | .| I 11 1 1 | L1 1 1 l L1 1 1 I 1 1 1 l: : ... EPOS LHC — 2'76 TeV :
O 1 2 3 4 5 6 05 1 0 1 5 20 25 30 35 40 45 50 55 O 92-|_ [ 1 1 1 | [ 1 1 1 | [ 1 1 1 | [ 1 1 1 | [ 1 1 1 | L 1 1 1 | L 1 1 1 | | I_
dN "0 10 20 30 40 50 60 70
See also: dN_ /dn INEL>0 ( d;;h n <05 N
J/l// pairs arXiv: 2303.1343 1 ch - See also: n'/K/P VS. RT ch
charmonium arXiv:2211.14153 <dNCh / d7’]> Inl<1 arXiv:2301.10120
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https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#49-multiplicity-dependence-of
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#68-charged-particle-production
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#71-strangeness-production-in-j
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#50-quarkonium-production-and-f
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#72-particle-yield-modification
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#69-looking-for-collective-orig

The Future



%

ALICE Run 5

Run 3 Run 4

2023 2028 2033 2038
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GEM 1

GEM 2
GEM 3

--- ET3
- == s GEM4

- Eno

pad plane
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HLICE
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ALICE

Run 3 Run | Rn | oo
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Jory Sonneveld { Tatsuya Chujo Alessandro Grelli
ITS 3 Tuesday 3:40pm Tuesday 3:20pm ALICE 3 Tuesday 2:20pm

= A

RICH

Absorber
— Magnet

I Muon chambers —

central LHC

10

NMC/EMC

TOF
Tracker

Vertex detector

) : N
T TR arXiv:22I 1.02491

X

T Qs(Pb)

Ultra-thin cylidrical silicon for Forward calorimeter: non-linear Multi-HF hadrons, soft photons,
inner tracking layers evolution of gluon density at low-x low-mass dileptons, and more
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https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#56-alice-3-a-next-generation-h
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#58-the-alice-forward-calorimet
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#57-its3-a-truly-cylindrical-in

A

ALICE

Jets

HF

Quarkonia

Strangeness

Resonances

ALICE Posters

Transverse momentum (Jj1) distributions of charged-particle jet fragments in pp collisions at \/E = 5.02 TeV, Jaehyeok Ryu
Multiplicity dependence of charged-particle jet properties in pp and p-Pb collisions, Debjani Banerjee, Reynier Cruz-Torres

Non-prompt D production in p-Pb collisions at ‘v/SNN = 5.02 TeV, Mingyu Zhang

5:,0

via the semileptonic decay channel in pp collisions and in p-Pb collisions, Sanghoon Lim

o
C

Open heavy-flavour production from the high mass dilepton spectrum in pp collisions at \/E = 13 TeV, Michele Pennisi

Quarkonium production and flow in small systems, Tabea Maria Eder

First results of dielectron analyses in Run 3, Florian Eisenhut
Topological separation of dielectron signals in Pb-Pb collisions, Jerome jJung

Neutral meson production as a function of multiplicity in pp collisions at \/E = 13 TeV, Joshua Koenig
rntn~ and KTK~ photoproduction in ultra-peripheral Pb-Pb collisions, Minjung Kim
J/y photoproduction and exclusive dimuon production in p-Pb collisions at AL SN = 8.16 TeV, Michael Winn

Particle yield modification in jet-like azimuthal V°-hadron correlations in Pb-Pb collisions at LS = 5.02 TeV, Mustafa Anaam

@ meson production in pp and p-Pb collisions at AL SN = 53.02 TeV, Nicolas Strangmann

@ mesons in pp collisions at \/E = 13 TeV, Jens Robert Luhder
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https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#62-measurement-of-the-transver
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#62-measurement-of-the-transver
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#34-multiplicity-dependence-of
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#96-measurement-of-non-prompt-r
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#96-measurement-of-non-prompt-r
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#55-measurement-of-xi_c0-via-th
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#77-open-heavy-flavour-producti
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#50-quarkonium-production-and-f
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#84-first-results-of-dielectron
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#270-topological-separation-of
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#109-measurement-of-neutral-mes
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#174-pipi-and-kk-photoproductio
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#174-pipi-and-kk-photoproductio
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#42-rmjpsi-photoproduction-and
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#72-particle-yield-modification
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#72-particle-yield-modification
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#105-measurement-of-omega-meson
https://wwuindico.uni-muenster.de/event/1409/timetable/?view=standard#52-measurement-of-omega-mesons

ALICE results

Publications

ALICE

. . ALICE Review Paper
alice-publications.web.cern.ch

: 436 papers submitted \ arXiV:ZZ I l . 04384
400 - as of 24-03-2023 (®

350

300

250

200

The ALICE experiment:
A journey through QCD

150

100

50

Preliminary results

alice-figure.web.cern.ch

S — ____________
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Summary

ldentified
particles in jets

Novel jet
observables

Heavy flavor
hadronization

v, W in p-Pb co.lll.smns _ low-x content
J/y in YA collisions of nucleus

Macroscopic:
I, B, vorticity

Microscopic:
jets, HF, quarkonium

New clues to understand many-body dynamics of QCD



