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(Ultra-)Relativistic

heavy-ion collisions
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(Ultra-)Relativistic

heavy-ion collisions
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Initial state  Hard partoni
collisions

Quark-gluon plasma
(QGP): deconfined state of
strongly-interacting QCD
matter

Fireball
expansion

hemical freeze-out Kinetic freeze-out

v Main goal of the ALICE Physics program: study the properties and the evolution of a heavy-
ion collision, with a particular attention to the QGP state

v Rich program of measurements in small systems, namely pp and p-Pb collisions

* reference measurements for interpreting heavy-ion results (e.g. vacuum production,
Cold Nuclear Matter effects)

% « characterization of high-multiplicity events and search for collectivity in small systems
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The ALICE detector in Run 1 & Run 2

Central Barrel A ey
Inl < 0.9 ' —= i} \ L =t

e. FMD

Muon
spectrometer
-4<n<-25

i®

ITS
FMD, TO, VO
TPC
TRD
TOF

v Designed to study the QGP
and heavy-ion collisions

HMPID
EMCal

DCal

. PHOS, CPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

CENOORWPE

v Excellent tracking, vertexing
and PID up to very high

16, PM multiplicities and low

18.20C transverse momentum

19. ACORDE
® :
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The physics of ALICE
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Probing gluon PDF in nuclel with

ultraperipheral Pb-Pb collisions

Xe, Pb Xe, Pb
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v Photon-induced reactions - Ultrarelativistic moving

. . . VA
nuclei produce strong electromagnetic (EM) fields that A I
« L ’ Y, PT
can be treated as a quasi-real photons flux e W vom
b>R,+Rg A\,m ~~~
v InUPC:b>R, +R, -
Zp L
. H\ p, Xe, Pb TRE p, Xe, Pb
v Two types of processes can contribute:
A s ALICE, Pb—Pb {5, = 5.02 TeV
=z ~ 8 F UPC, Lin = 533 £ 13 ub”’
h . . fth . - M 25<ly|<4 285 < m,, <3.35 GeVic?
Inco erent Interaction of the Coherent: the photon interacts 310_1 IlI onon Conerent Iy
photon with only one nucleon with the colour field of the whole = I —hneobersnty
inside the nucleus nucleus B —CoherentJ!wwfrom W' decay
102 E \ Incoherent Jihy from y’ decay
\ E H — Continuum ¥y — uu
C 1 —Fit: ¥%/dof=1.35
\.‘ - : = . : 10° 4 % arXiv:2305.19060
Elastic: interaction Dissociative: interaction '!L WPt ++ ﬁ 12305
with the full nucleon with sub-nucleon sized AT ' 1
structures inside the T A

E " ligii lll |
nucleon ‘ ‘ m
?’u L |L||.-L||
% 0 05 ' 2 25 P, (GeWc) 6
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Probing gluon PDF In nuclei with arXiv:2305.19060
ultraperipheral Pb-Pb collisions i

Zy
v Coherent photonuclear cross section y+Pb - J/y+Pb: b>RA+R4 [\ == =3
H
. Zg
Bjorken-x I\
102 107 104 107
’5‘ 3\_\I T |IIII\I T T |\I\II\ T ‘\I\II\ T T ‘HI . - . _ _ _
E 107y ALICE Pborb 5 - 502 Tev \;5 v Cross section rises with y-N centre-of-mass energy
ﬁ - @ Guzey et al., using ALICE Pb—Pb |5, = 2.76 TeV (PLB 726 (2013) 290-295) N (Wypb’n)
%‘ | 4 Contreras, using ALICE Pb-Pb |5, = 2.76 TeV (PRC 96 (2017) 015203) el
- - Impulse approximation ,»”” | : . . - 5
 STARIght v constrain gluon PDFs in nuclei down to Xsjorken 10
102— — EPS09LO =
- LA _--—==""_®y.-4 ¥ Impulse approximation and Starlight (no shadowing /
- bG(;K“i -~ Rt i B saturation effects) systematically overpredict the cross
I ‘ ) section at intermediate / high energies
05 o = v Within uncertainties models that include either shadowing
5 ﬁl ] or saturation can fairly describe the data, except for the
L Lo . L C 1] energy range 25-35 GeV

20 30 4050 10? 2x10° 10°
Wy, (GEV)

® 7
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Probing gluon PDF In nuclei with arXiv:2305.06169
ultraperipheral Pb-Pb collisions i

Zy
v Incoherent photonuclear cross section vs Mandelstam [t| variable b>RA+R4 | === =3
H

“; . ALICE, Pb-Pb UPC VS_NN =5.02 TeV m Zs
& = ALICE incoherent J/y, y| < 0.8
£ — Uncorrelated stat. + syst. v First measurement of incoherent photonuclear production
= N el [ Correlated syst.
= NN *‘a --“ Of J/LIJ
T 0 . DREELL TN
I:I': C "". \\ = 9 . ~ . . .
CT R v None of the models is able to catch normalization and [t

i TN —— dependence simultaneously

L L . \\\s S

L “*\,_‘__ v Agreement with data improves after the inclusion of

s MS-hs “"’%_,\.__ﬁ_. scattering structures at sub-nucleon scale (i.e.
1073 = MS-p it dissociative-like component)

T —=- GSZ-cl+diss o,

T e GSZel "y Xe, Pb Xe, Pb
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J/Y polarization w.r.t.
event plane

r<CD _ IIII|IIII|IIII|III\|I\\\‘I\\I‘IIII'IIIIIIIIIIII: _Polarization-angular
0ab ALICE, Pb-Pb ysy, =5.02 TeV E distributions of decay products
"t Inclusive Jiy — mr ] w.r.t. a polarization axis

0.3F 2<p <6GeV/c,25<y<4 3
- ] — Event Plane based frame (EP):

0.2F * 3 axis orthogonal to the event plane
_H_—E— ] in the collision center of mass

0.1F 3 frame = e
05 rL ] — Event Plane normal to B e A
EGLECECELEEEIEEEREEEEEEERRERERPRERERREREE ey - - S PR -] and L = EVE / :
E T g SONT-PLANE
_0.1F ¢ Stat. uncert. 4 ~C
- [JSyst. uncert. Event plane ] - Heavy quarks produced early
iy ) SENTH R FETEE PR RN NN TR R PR A in the collisions can experience
0 10 20 30 40 50 60 70 80 90 100  poth Band L originated in the
Centrality (%) initial stage ! 1
_— o . W(0)o< —— (1+Agcos” O
v Significant polarization (3.50) in 40-60% and 2 < p_ <6 GeV/c (6) 3+ Ag ( 0 )
v Small centrality dependence
% v Theoretical description of vector meson polarization in heavy ion collisions still missing
9
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The physics of ALICE
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Quarkonia: dissociation vs

regeneration

In-medium dissociation

(color Debye screening)
Matui & Satz, Phys.Lett. B178 (1986) 416-422

VS

Regeneration of quarkonia

Braun-Munzinger and Stachel, PLB 490 (2000) 196
Thews et al., PRC 63 (2001) 054905

a Development of
Start of collision quark-gluon plasma Hadronization
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Nature 448 (2007) 302-309
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regeneration

=T & 1 RS
ALICE ]

e Data

Pb-Pb, sy =5.02 TeV — Transport (R.Rapp et al.)
Inclusive J/y, |y|<0.9

p, > 0.15GeV/c

(] Transport (P.Zhuang et al.) |
[1 SHMc (A.Andronic et al.)

ALI-PUB-539093

I400

R PR PR
100 200 300

RAA

ALI-DER-543952

2_

Quarkonia: dissociation vs

arXiv:2303.13361

T T T T T T T T T T T T T T T
ALICE
Pb—Pb sy =5.02 TeV

Inclusive J/y lyl <0.9 25< y<4

® Data 0-10% © Data 0-20%

- Models including regeneration mechanism in fair agreement with data
— Statistical Hadronization (SHM):all charmonia produced at the QGP phase boundary with thermal weights
— Transport model (TAMU): solve Boltzmann equation with gain (regeneration) and loss (melting) terms

®

ALICE

F. Fionda, ICNFP 2023

P, (GeV/c)

- large uncertainties on the models arise from charm cross sections and poor constrained nuclear PDF
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Quarkonia: dissociation vs

arXiv:2210.08893

regeneration

v Excited states: different binding energies 5 0.025 [
are expected to change the relative & LAUGEES ey, 4,02 12GaIe | v W(2S) more suppressed
contributions of suppression / D of  ® ToFo s -502TeV 1 compared to J/; rise of J/Y
regeneration b§ EENAGIL = 14, 5 1L (ERHGS0IR00] BR5) and Y(2S) R, towards low p_
e | % Pb-Pb, {5y =17.3 GeV
2 Froebymmesoztey T4 B 00E o E -
@ q4f [S=5.02Te CMS, ly_ | <1.6,0-100%] ! i v p;dependentR,, in
. ALICE, 2.5<ycms<4, 0-90% EPJC78(2018)509 i T .
12F o diy GHEFR002 (2020 041) g gy o 0.01f 3 — agreement with TAMU for both
[ e y(2s) o ¥(2S) i T 5 ,%_,- : charmonium states
L B = [ i R g Sy i
[ TAMU - @EOS|~ Taeeaase .%'5:::::*::::::::::::::3 .
0.8 EJ/("és,) 3 [ -+ SHMo, {5y = 5.02 TeV =|=' ] -to-J/P ratio: powerful tool for
il ] r — TAMU, {5y, = 5.02 Tev 1 . .
b R M g 16_;"T_.e..., . disentangle among different
B o " ; = 1.4 © ALICE (ppref: V5 = 5.02 TeV, arXiv:2109.15240) 3 regeneration scenarios
0.4 ﬂ | I . hd) 5 \ba 12§ % NAS50 (pp ref: ¥s = 27 GeV, from EPJC48 329(2006)) 3
N: -i_ﬁ_ @:kﬁj o : s Ogi— ---------------------------------------------------- ood agreement with
i . S 08F . Wi
02 —g— L . T8 06EF 9 d . . .
r e u L ; <04 M., JH TAMU; tensions visible with
o) SR IS PR R S S o 02F * e W - . i,
0 5 10 15 20 25 30 %o S SHMc at higher centralities
b, (GeV/o) S 050 {00150 200 250 300 350 "400

®

ALICE
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Anisotropic flow of identified

hadrons

v Initial spatial anisotropy:

e Almond shape of the participant region —

dN N
70 = 1+2 ; Uy - cos[n(@ —¥Yrp)] v, = (cos[n(@ — ¥Yrp)]) generates ellipticity (e))

* Energy density fluctuations in the overlap
region — generates triangularity (&,)

e Higher harmonics — mainly arising from the
combination of the lower order components

target o
Decomposed transverse projection of
participant region in Fourier series

— low-p_: sensitive to bulk QGP properties

— high-p_: sensitive to the in medium energy
loss (path-length dependence)

® 14
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Anisotropic flow of identified

JHEP 05 (2023) 243

hadrons

Pb Pb \/s 5 02 TeV ALICE CoLBT v Approximate scaling with number of constituent quarks observed
0.8 " ¢ (accuracy 20%)
03 . o « Coalescence contribution needed for describing data at intermediate p
0 I F K K T
40-50% i ‘. - ®p@P pP (but not the Ol'lly mechanism at play)
EN | ) 04 S weww | - © 0 2080% | auce
> L 1 | T

Pb-Pb ys,, = 5.02 TeV

nl <0.8
5 1 !ﬁ oo B A
‘ r ¢ hl T t K F o -
o#  Hydro+coal+frag ¢ . e

W op B o®

50-60%

0] N L 1 L ! L 1 I | =

012 3 45 6 7 8 9 10

p. (GeV/c)

v Mass ordering at low p, and meson-baryon splitting
at intermediate p._

TANTRE

v Overall good description provided by CoLBT model
(including hydro+coalescence+fragmentation) L

I i > 3I | 1 2 3 5 : 1 2 3
ALI-PUB-544084  (GeV/c) p./ n, (GeVic) p,/ n, (GeVc)
% 15
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R, and flow of prompt D mesons [

v First measurement of D meson R, , in Pb-Pb ¢ | ;. — ——

| "] _I T T 1 1 1 1 { ] 1 1 -
lisi d . 0 o OF ALICE 1 > 0.35F TAMU MC@sHQ+EPOS2 =
collisions down to p.. = : g _ ] : LIDO e LET ]
Pr 1.4 Po-Po, Sy =5.02TeV 3 0.30F _ZPHSD  --- POWLANGHTL =
- (ODentrality 30-50% 1 0 25: —— DAB-MOD LGR b
v The simultaneous description of R, , and v, 1.2 /\ Prompt DD’ D eree S FesCatania :
B < U. - = -
. . .. . L i 0.20F -
in central and semicentral collissions is a 1.0 2 N1 : ]
challenge for theoretical models 0 n 3 0-18p E
' ] 0.10F =

E 0.05f

0.4 . 0.00F

0.2 ] ~0.05F
] - Centrality 30-50%, |y| < 0.8 j

L1 1 11 I 1 1 1 L L | I 1 1 ] 11 ] _0.10+ 1 1 1 1 1 1 I | I 1 1
410" 1 2 34567 10 20 30 1 2 3 4 567890 20 30
P, (GeV/c) P, (GeV/c)
ALI-PUB-501956
16

ALICE F. Fionda, ICNFP 2023



R, and flow of prompt D mesons [

v First measurement of D° meson R oL Pb-Pb

collisions down to p. = 0 - e IQCD, L. Altenkort et al, PRD 103 (2021) 014511
. L - IQCD, H.T. Ding et al, PRD 86 (2012) 014509

v The simultaneous description of R, , and v, d (2012)

in central and semicentral collissions is a . B QCD, D. Banerjee et al, PRD 85 (2012) 014510

challenge for theoretical models

- [ STAR, PRL 118 (2017) 212301

v Few models that are in fair agreement with

both observables used to constrain the - B ~LCE, PLB 813 (2021) 136054

heavy-quark spatial diffusion coefficient:

- I ALICE, JHEP 01 (2022) 174

—» narrower interval w.r.t. previous 2 4 6 8 10 12 14 16 18 20

estimations based on D-meson 2nD T, at T, =155 MeV
measurements at LHC energies

@ .
F. Fionda, ICNFP 2023
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b-quark energy loss in QGP

v Accessed via non-prompt D° measurements

v Larger suppression observed for prompt
compared to non-prompt D above 5 GeV/c

v Well described within uncertainties by
TAMU, CUJET3.1, LGR and MC@sHQ
+EPOS2 - all, but TAMU, include both
radiative and collisional energy loss
mechanisms

v Coalescence can explain the minimum
observed at low p_ in the non-prompt to

0 .
prompt D” R, , ratio

v Radiative energy loss contribution needed at
intermediate / high p__

®

ALICE

prompt
AA

non-prompt / R

AA

R

prompt
AA

/'R

non-prompt

AA

R

JHEP 12 (2022) 126

- ALICE

- Pb-Pb, \/SNN =5.02 TeV
- 0-10%, |y| < 0.5

3

N

LGR

i e data LGR central value i
4 e i)m settom, (E-loss) s ii) m_set to m, (coalescence) ]
B P —— iii) W/o shadowing —— — iv) Wo coalescence i
B P - ]
3+ S— — —
% / ~ i

F. Fionda, ICNFP 2023
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0.3—

0.2

0.1

0.0

b-quark thermalisation in QGP

- ALICE Preliminary

B 30 50% Pb-Pb, \s,, = 5.02 TeV 8
L x Non-prompt D°, |y| < 0.8 :
L Ea nt, | < 0.5 _

=
- A « PromptD, |y| <0.8
I m + Inclusive J/y, 25<y<47
m; + Inclusive J/y, [y| < 0.9 |
@ « b—e, |y <038
Y(1S) 5-60%,25<y <4 |

&
&
ki L]
*

T T \#L\(,

2 4 6 8 10 12 14 16 18
pT(GeV/c)

ALICE

o
00

o
N

v, {SP, |An|>0.9}

e
—

0.0

F. Fionda, ICNFP 2023

: —ALICE Prellmlnary ly| <0.87]
- 30-50% Pb-Pb, |'s,, = 5.02 TeV 2
"« Non-prompt D’ _
- [__] Syst. from data 8
»\;W \\\\\@@?Q@iﬁ
| —=TAMU i
[ === LBT  LGR B
- LIDO -
\7 | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ I7

2 4 6 8 10 12
P, (GeV/e)

v Positive non-prompt D° v,
observed in 2 <p_<12 GeV/cin

semicentral collisions
* Compatible with elliptic flow
ofb - e

v Described by models including
hadronization via coalescence and
fragmentation
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The physics of ALICE
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Freeze-out and
rescattering
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Light-flavour hadron
abundances at the freeze-out

10° gl Pb-Pb {5y = 2.76 TeV, 0%-10% centrality 3
10 F . AT 1 v Production of light-flavour hadrons well described by
ik iTT**:? ] Statistical Hadronization Model (SHM) fit over 9
g e P ] orders of magnitude (Grand Canonical ensemble
2 .8 3 forumulation)
g 10t g W E
§1w; ] v Hadron yields can be described as emerging from a
> T hot Hadron-Resonance Gas in thermal equilibrium
L r ® Data from the ALICE Collaboration St‘:j.? AH e 1
104 | — Statistical hadronization .. 4 - « AtLHC: yB~0 ’ Tch~156 MeV
b e T v Precise determination of the parameters thanks to the
10 F Nature 561 (2018) 7723, 321-330 -f-i E wide variety of particle yields available with good
; ] experimental precision
20 -
3 15[ 7]
s fee e ;g9§++ T+Ll 5
o : . LN ] » + + ? + i i ]

05| ]
% ata KK K ¢ p P A A Z E 0 0% d d3HeHe 3H IH “He "He
F. Fionda, ICNFP 2023
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Antimatter / matter imbalance

at the LHC

s 5 L L I I L L L L L L ) I L 1.1 :— 0-5% —:— 5-10% —::— 30-50% —:
(O] N

S 4 ALICE Preliminary & F 1 1 ]
2 ,F Pb-Pb 5y, =5.02TeV — -

sl 1
L ALICE Preliminary
F Pb-Pb |5, =5.02 TeV

— fit

Ratio

0.8

L 2NDF = 1.7/2 T ,NDF=3712 } soNDF-2602

07 -T-

data - fit
data
l. [ =2 \v

:

-2 \Z| Uncorr. uncert. Corr. uncert. \
3 X\ SHM fit, Nature 561, 321-330 (2018) \\
I T T BT T BT ST v Precise determination of y, from antimatter / matter imbalance
(N0 within the SHM model by fitting:
v Reduced uncertainties on p, w.r.t. global SHM fit thanks to h/h « exp [—2 (B + %) 'u?B - 213”_;]
the cancellation of correlated uncertainties in the ratio )

with 7= 156.2 £ 2 MeV

@ -
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The physics of ALICE
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arXiv:2211.04384

Particle production across

systems

|::' ::IIIII| I IIIIIII| T T IIIIII| I IIIIIII| =
oF A T g e
E - ?;’; g CITRREEMINPIOR 108y 0n 0p i debingg T B g i g v gmoogl trend qf lmultilzlliciFy
" a . - ependent particle production
1071 Kd/m e oo & Gan Bl JE ¢ #0045, =S ratIi)os frornppp to Pg-Pb
- = L EF multiplicities
S sant L oo b 14
| Aln 1L 1o
102 — B 88 ey | A5200A 00 444 g — v Is charged particle multiplicity the
= o NI | = rore b 3 relevant parameter to explain
- IC == 6 Y ] strangeness enhancement or other
- 4L coon # H L. “QGP-like” effects in small
107° = I I = ALICE = systems ?
= $heg AEl o vs=7Tev ® \s-13Tev 7
B b 40 I p-Pb 0 {5y =502TeV ¢ y5,,=8.16TeV |
- o/ @ L § Pb-Pb o ys,, =276TeV = \s5,.=502TeV |
Xe-Xe |+ sy = 5.44 TeV
10_4? l Ll Ll | P | = w1 e et BN R U AT1 BT RN BN MU RTT| R SRR RTT1 B
1 10 107 10° 1 10 102 10°
% <chhfdn>|n|< 0.5 (chhmI .n>|n'|: 0.5 24

ALICE
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Particle production across
systems

|='-.:' ::IIIII| I IIIIIII| T T IIIIII| I IIIIIII| =
SE Eoox - 13
S opin (p OONRERMRPR pRionop maebhing |- € 8 g 48 v Smooth trend of multiplicity
- o9 il 1S dependent particle production
107 Ks/m O =E eos hiaade TE ) *40agy; e ratios from pp to Pb-Pb
- = %32 multiplicities
- Py & 6 pgy HF =4 gf be 12
[ aim o b e 1%
102 — . q-ihﬁ‘tfwigﬁg@ bee g — v Is charged particle multiplicity the
- om s 00, IF bog S relevant parameter to explain
- IC == 6 Y ] strangeness enhancement or other
- = 1L oo ¢ H g B - “QGP-like” effects in small
systems ?
107 = I = = ALICE = y
= 4hep GEl e o s=7Tev ® \s-13Tev 7
B M,cﬁ?'ﬂ’ I pPo |6 {5y =502TeV ¢ \5,,=8.16TeV |
- o/ ‘E* 4L § Pb-Pb o ys,,=276TeV = ys5,=502TeV |
104 | Ree ] V=S aaTeY o — See more in Maria
ol Ll Lol Lol i | Ll illl L Lt L 17
1 10 102 10 1 10 102 103 Barlou’s talk
% <chh;dn>|n|< 0.5 ((ﬂj'ﬁdrch!cI n>|n|< 0.5 25
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Collectivity in small systems ?

- 1 1 1 1 1
2 ALICE Preliminary Template fit method
v 02 b pp s =5.02TeV H n
g VOA, 0-20% ] H H
Vv L
< 015 s 0
&, 0.1
>C\l
0.05 + Ot
[w]K* Ok
(+]p@) Op@)
0 1 1 1 1
0 1 2 3 4 5 6

P, (GeV/c)

v Similar mass ordering and meson-baryon splitting in p-Pb collisions as observed in Pb-Pb collisions

% F. Fionda, ICNFP 2023
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Collectivity in small systems ?

8 ! --I ! -I > T ] e T 4
© sl ALICE Preliminary Template fit method_ = E ALICE Preliminary 3
l : p—Pb \/ S\N= 5.02 TeV = 0'25:_ " Pb-Pb, {5, = 5.02 TeV, (30-50%) (JHEP 10 (2020) 141) =
> & - 25<y_ <40 J
< VOA, 0-20% 02= p-Pb,}JﬁZS.OZ, 8.16 TeV, (0-20%)-(40-100%) (PLB 780 (2018) 7-20)
\% C 15<]4n| <5.0,203 <y <353 a
< 0.15 015" o pp, {5y = 13 TeV, (0-5%)-(40-100%) E
~— - 15<]4n] <5.0,25<y <40 =
- 0.1 - == =
o R
o 0.1k 0.05F p—— —
5 \ o @m0l O O ¢
ALICE Hydro-coal-frag 5 T e
0.05 [o]n* On* -0.05— + =
mC O - J/ -
Fe®  Op®) =) L E

] 1 1 ] T T T
00 1 ) 3 4 5 6 Bl I1 2I é 4|1 él‘a tls 7I -g
pT (GeV/C) ALI-PREL-514634 pT (GeV/C)

v Similar mass ordering and meson-baryon splitting in p-Pb collisions as observed in Pb-Pb collisions

v Comparison with models indicate that coalescence is needed to describe the flow at intermediate p_

v Collective behaviour observed in p-Pb collisions also for J/{, but only at high p_

% F. Fionda, ICNFP 2023
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Collectivity in small systems ?

0.2

0.15

0.1

v, {2PC, 1.4 < A7 < 6.8}

0.05

®

ALICE

1 I
ALICE Preliminary

~ p—Pb \s =5.02 TeV

VOA, 0-20%

ALICE Hydro-coal-frag

1 I
Template fit method

— e (o]t [r*
; [m]K* oK*
(+]p(®) Or@
1 1 1 1
0 1 2 3 4 5 6
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o T p-Pb, /s,y = 5.02, 8.16 TeV, (0-20%)-(40-100%) (PLB 780 (2018) 7-20) 7
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— Common
mechanism at the
origin of the flow in
large and small
systems ?

v Similar mass ordering and meson-baryon splitting in p-Pb collisions as observed in Pb-Pb collisions

v Comparison with models indicate that coalescence is needed to describe the flow at intermediate p_

v Collective behaviour observed in p-Pb collisions also for J/{, but only at high p_

F. Fionda, ICNFP 2023
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The “baryon anomaly” in the S p——

HF sector

——— I v First measurement of A_production down to p_ = 0 in small systems !

o
2 [ ALICE pp, (s=5.02Tev
2 [ lvI<05 v Enhancement of A /D° ratio at low and intermediate momentum w.r.t.
- —=— PRL 127 (2021) 202301 L
0.8l This paper e*e results (LEP average: 0.113 + 0.013 £ 0.006 [EpicC 75 (2015) 191)
Tt —— PYTHIA 8 (Monash) L . .
s PYTHIA 8 (CR Mode 2)  Significantly underestimated by PYTHIA8 Monash tune (which
0.6/, I Catania, fragm +coal. incorporates fragmentation parameters from e*e” data)

SH model + RQM

0.41 v Data qualitatively reproduced by models implementing baryon to
- meson ratio enhancement via various mechanisms (color reconnection,
0.2 feed-down from unobserved resonant charm baryon states, quark
e e . ] coalescence)
LEP — ]
0 5 10
p; (GeV/e)

@ .
F. Fionda, ICNFP 2023
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The “baryon anomaly” in the S p——

HF sector

——— I v First measurement of A_production down to p_ = 0 in small systems !

4 ALICE pp, Vs = 5.02 TeV
2 [ lvI<05 v Enhancement of A /D° ratio at low and intermediate momentum w.r.t.

PRL 127 (2021) 202301
- 2021) e*e- results (LEP average: 0.113 + 0.013 = 0.006 [£pic 75 (2015) 197)

0.8_— —H— This paper
B —— PYTHIA 8 (Monash) o . .
R PYTHIA 8 (CR Mode 2) . Slgnlflcantly underestlmated by PYTHIA8 Monash tune (which
0.6|,.. B Catania, fragm. +coal. incorporates fragmentation parameters from e*e” data)

SH model + RQM
N
0.2 e

LEP L

0.4 v Data qualitatively reproduced by models implementing baryon to

meson ratio enhancement via various mechanisms (color reconnection,
feed-down from unobserved resonant charm baryon states, quark
coalescence)

p; (GeV/c) — See more in Syaefudin Jaelani’s talk

@ .
F. Fionda, ICNFP 2023
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The physics of ALICE

0 0.01-1 1-10 ~10 10-20 (fm/c) -
Image: S.A.Bass (Duke Univ.)

¥
= B "
Ve

From large to small systems...

_
. and beyondO\

% F. Fionda, ICNFP 2023
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Contributing to dark matter

research

ALICE Pb-Pb vy, = 5.02 TeV
0-10% centrality
Inl<0.8

{Ay=34.7 . Data —— Geant4

p (GeVc™)

v~ DM annihilation — possible production source of anti-*He
v Disappearance probability of anti-*He (quantified by the anti-*He

absorption cross section o, ) is crucial for studying the galaxy
transparency”

ALICE

% F. Fionda, ICNFP 2023

Nature Phys. 19 (2023), 61

v ALICE detector used as anti-particle absorber —
novel technique

v First experimental measurement of o, ( anti-°He) !

Mgalaxy transparency: the ratio of the flux obtained with and
without the inelastic processes in GALPROP
(https://galprop.stanford.edu).
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Contributing to dark matter Vature Phye. 16 (202%). 61
research

ALICE
" Dark matter’®
10 Background®’
GAPS GALPROP propagation
ALICE Pb-Pb v5; = 5.02 TeV
0-10% centrality -T: 0k e T AMS-02
<08 s m, =100 GeV ¢
(Ay=34.7 . Data —— Geant4 e X+ X SWW T8 + X
— 10-‘0 [
3
B
=
107 -
. ‘ | Range of ALICE measlurement

1.0
p(GeVec™) 3 os
2 K . . . . g 0.4 -_-——-________/
v~ DM annihilation — possible production source of anti-*He 8 o2f
v Disappearance probability of anti-*He (quantified by the anti-*He - : o 107
absorption cross section o, ) is crucial for studying the galaxy E,/A (GeV AY)
transparency’ v High transparency of 50% for typical DM
% scenario and 25-90% for background processes 33
F. Fionda, ICNFP 2023
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ALICE: a journey through QCD arXiv:2211.04384

ALICE

Bulk properties and thermodynamics of the QGP

QGP dynamics and evolution

The ALICE experiment:
Interactions of partons with QGP medium A journeg through QCD

Hadronization mechanisms in the QGP medium released in Nov 2022
Electromagnetic properties and phenomena
Initial state

QGP-like effects in small systems

Many other aspects of QCD and beyond...

34
F. Fionda, ICNFP 2023



ALICE upgrades
during LS2
(arXiv:2302.01238)

The ALICE detector In

Upgraded Inner tracking system:

7 layers (10m?silicon tracker) based on MAPS.
First detection layer at 20mm (thanks to new
beampipe)

New Forward Muon Tracker: -4
5 planes of MAPS at forward rapidity, forward § %
vertexing and tracking for muons

Upgraded Time Projection Chamber:
new readout chambers with Gas
Electron Multipliers (GEM)

-19.5m from IP

-0.8 m from IP

New Fast Interaction Trigger:
interaction trigger, online luminometer,

% wmrene asmene fOrward multiplicity 3 S e 2
F. Fionda, ICNFP 2023



Operations and performance with

the upgraded detector

x10°
b LRI T T =
> G ALICE Performance 3
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v Target luminosities in Run 3/Run 4

| 0.045
©0.04
3.0.035
0.03
0.025
0.02
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Continuous readout

* 500 kHz in pp (software trigger for selecting rare events)
* goal: 50 kHz in Pb-Pb (x 50 compared to Run 2)

e 200 pb™in pp
* 10 nb" in Pb-Pb

ALICE Performance D0

F Run3,pp Vs=13.6TeV
1 <p, <36 GeV/e
F lyl<0.5

= D° — K=* and charge conjugate =
:_ — Gaussian fit + pol. bkg. _:
E === pol. bkg E
. ]
E 11 | | ‘ I | | | | I ‘ I e
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F. Fionda, ICNFP 2023

Counts per 20 MeV/c?

N M W (%)
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o o o o
o o o o
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ALICE

Summary & Outlook

v Impressive collection of physics results produced by ALICE from Run 1 and Run 2
v Detailed insight into initial and final states of heavy-ion collisions at the LHC

v Intriguing results in small collisions systems

v Efficiently Run 3 data taking ongoing with upgraded ALICE detector

— many Run 3 data results coming soon: stay tuned !

F. Fionda, ICNFP 2023
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Summary & Outlook

v Impressive collection of physics results produced by ALICE from Run 1 and Run 2
v Detailed insight into initial and final states of heavy-ion collisions at the LHC

v Intriguing results in small collisions systems

v Efficiently Run 3 data taking ongoing with upgraded ALICE detector

— many Run 3 data results coming soon: stay tuned !

Thank you tor your attention:

% F. Fionda, ICNFP 2023

ALICE
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Jet m0d|f|Cat|OnS |n Pb_Pb arXiv:2303.00592

[ T | T T T | T T T | T T T ‘ T T
— ALICE, 0-10% Pb-Pb Vs
- Ch-particle jets, anti-k

v ML technique for background subtraction allows
for inclusive charged-particle jets measurements
up to R = 0.6 in Pb—Pb collisions down 40 GeV/c
and in central collisions

—
-

|III|III|I
I

0.6)/Raa(R = 0.2)
(%]

v Jet suppression increases with increasing R, most

-
N , : x -
significantly for jets with R = 0.6 (not observed up <08~
to R =0.4) —» wider jets lose more energy - R =4/A¢*+ An?
0.6/
v Results consistent with a variety of theoretical - . O, = R/R

descriptions within uncertainties 0.4 " ALICE Data Mehtar-Taniet al.g

+ mm LIDO Mehtar-Tani et. al, q E

- EmLBT [ 1Mehtar-Tani et. al, all .

. 0.2—mm JEWEL w/o Recoils (= Hybrid Model w/ Wake —

B | | L1 1 | L1 | L1 1 ‘ L1 | [ ‘ L1 ]

R.. = AA 020 40 60 80 100 120 140
AA (TAA) pp P chjet (GeV/c)

® n

ALICE F. Fionda, ICNFP 2023
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