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The ALICE experiment:
A journey through QCD
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Initial state Hard QGP formation Hydrodynamic Hadronization and Detection ALICE
scatterings expansion freeze-out

=0 1=0.2-1fm =5 fm t=10-15 fm

1 fm/c = 3x1024s, 1 MeV ~ 1010 K

Time >
Temperature ‘

Te.10cp ~ 156-159 MeV [1-4]

[1] F. Gardim et al. Nature Phys. 16 (2020) 6, 615-619
[2] A. Bazavov et al., Phys. Lett. B 795 (2019)

® QGP BEEMiX ~4B{ZIBKE, LLAMRPLERE (150058) & ~205E0A L 1A Andronc o 1. Kato 561 (2015) 7723, 321.330
® Characteristics: extremely high temperature O(1012 K), high energy density, vanishing baryon chemical potential
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QGP probes

ALICE
® High-ptpartons (jets) Hard
® Heavy flavors (charm  Jejge]el=ts

® Low-ptparticles:
probes —light flavour hadrons
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Probing QGP with jets

Vacuum fragmentation In-medium fragmentation
( pp collisions) (Pb-Pb collisions)

Collimated sprays of hadrons resulting from Quenching—parton lose energy through

medium-induced gluon radiations and
collisions with medium constituents

fragmentation and subsequent hadronization
of “high-energy” partons (quarks&gluons)

partons hadrons
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Nuclear modification fa
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Anisotropic flow

Coordinate space LICE

y —X y
&= —
. . . ; 2 2 X
* Initial geometrical anisotropy ("almond" shape) in non- yorx )_

central HI collisions — eccentricity |~
e
* Pressure gradients develop — more and faster W
particles along the reaction plane than out-of-plane i‘ 8/ Reatiién plane
. : : ) M
Scatterings among produced particles convert anisotropy . | 2 omentum space
In coordinate space into an observable momentum anisotropy ;

— anisotropic flow
— quantified by a Fourier expansion in azimuthal angle !

Vn= harmonics

d3N 1 d2N > / In-plane

s S IOSI0

3
dp 27 prdprdy —
" Fig.2. (color online) Characteristic shapes of the deformed initial state v profile, corresponding to anisotropies

ofEry 65 Ex: Eyand & (from left to right).
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ALICE detector *

Dedicated to measure ﬂ I- IC E
hadrons, electrons,

Detector: EMCAL muons and photons
Length: 26 meters T : to cope \_/v_ith very high
Height: 16 meters TPC — N | multiplicities

Weight: 10,000 tons

¥
= wnll| PLL

ITS

TDR
- 2B y.-—+ Muon-Arm (-4<n<-2.5):
TOF LA e N\ . 4 Muon trigger, tracking, PID:;
Wi ' =l Heavy-floavor hadrons and W/Z°

Solenoid: magnetic  DCAL

fieldB=0.5T

PHOS

Central Barrel (|n|<0.9)

® ITS, TPC: vertexing + 21 tracking and PID
down to very low pT~0.1 GeV/c

® EMCal/Dcal, PHOS: high-pr electron trigger, PID,
photon, high pT pi0 and electrons

TOF, TRD, HMPID, etc.: Forward rapidity detector (VO, TO, ZDC, SPD):
Particle identification detectors Trigger, centrality selection, event plane rec.
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ALICE detector

hhetereo 1Y, ALICE
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LHC Li=tT7RIRIFRif

ALICE

Comprehensive study of Pb-Pb, p-Pb, pp as well as the collision of
lighter ions: Xe (done), O (planned for 2024)

pp

Xe-Xe

Vs, =0.9,2.76,5.02,7,8,13 TeV —
V5 =5.02,8.16TeV

®) JSun = 5.44 TeV

(*) collisions energy in Run 1 and 2

O /s = 2.76,5.02TeV
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According to LQCD, the
QGP is formed when

QGPYIRERIERMN: feERE-iRE-Fus

s

ALICE

g.= (042 +0.06) GeV/fm3 critical energy | For comparison

T.= (156.5 + 1.5) MeV

T=156 MeV 2 1.8-1012 K

o Sun core: 1.5 - 107K
critical temperature Sun surface: 5778 K

N =]
&b B2 pty Imr;
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Charged particle Ry, s,

ALICE

ALICE, PLB 720 (2013) 52 PHENIX: PRIC69, 0371919(04) STA:R: I?RL?l, 1!72302(03)

< I |
< ‘71| T 1 1 [ 1t 1 1 [ T T T ] T T T T ] o ALICE, charged particles, Pb-Pb
o ALICE, Pb-Pb, |5, = 2.76 TeV G =276 TeV, || <08
charged particles, | < 0.8 norm. uncertainty o
{ [ oo == 3 :
- . I STAR/PHENIX
_ A ® ALICE Pb-Pb\/5=2.76 TeV (0-5%)
n o otk | < ® PHENIX Au-Auvs=200 GeV (0-10%) |
""" ‘: # STAR Au-Auv/s=200 GeV (0-5%)
BRAL UONT " .l ot o
---- .
. o . . of
“““ .
10-1 - \ Ry Al m— HT (A.M.) — L ié } '
- ~7 o ASW (TR.) ] . . 8
N ol —— YaJEM-D (T.R.) i o i‘ 1 e 1 1
L - = = elastic (TR.) large P__ _ B L ]
B ® ALICE (0-5%) - = = elastic (T.R.) small F’esc _ . .
i moMS (05%) WHDG (W.H.) r° upper limit | ALICE § . "
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AT ST O (N ST N AN N SO SY ST SN N SN SO SO S NN SO S
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1) At LHC(2.76TeV), the energy loss is stronger than that from RHIC (0.2TeV)
=>» hotter/denser medium created at higher collision energy T =304 + 40 MeV

2) pQCD predictions consistent at larger p; region: > 10 GeV/c €=123+1GeV/fm3
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Charm partlcle RAA

§ _I\I\|\III|I\I\ TTTT TTTTTTTTTTTTTT \I\II\III\I\ Tj‘ ! | I I I III I I HLICE
o 185 avice 189g A'—'CE Pb Pb syy=502TeV
16 Po-Pb.(sw=502TeV +o-10% +3060% | @@ | 0-10% 2.5<y <4

" Average D, D*, D**
1.4 |y| <05

D mesons |/ < 0.5 &

* 60-80% * p-Pb

pr < 6 GeV/c: dominant by charm
Insensitive to V s\

ALICE JHEP 2201 (2022) 174 T _ (2
Suppression increases from peripheral to central collisions

Similar suppression in the most central collisions between mid- and forward-

rapidity

I\I\|\III|I\I\|IIII|\I\I|IIII‘II\Il\I\I‘I\II‘I\I\:
0 5 10 15 20 25 30 35 40 45 50

0 ”2I”4”|6|”8“
p_ (GeV/c)

10
ALICE Phys. Lett. B820 (2021) 136558 Pt

16 18 20
(GeV/c)

12 14

— Charm quarks undergo strong energy loss in a wide rapidity range

ZYIBRFTTITS (NPMWPS) , Si/dERNA/ERE
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Mass dependence of energy loss

JHEP 12 (2022) 126 HLICE
JHEP 05 (2021) 220 JHEP 01(2022)174
-ll-l-| 1 ' LI L L B ! ! llllll- §14 T T | T T T T | T T T T | T T | T T T T |
mﬁ I ALICE, Pb—Pb, |5 = 5.02 TeV | < ALICE ¥ <0.5
[ 0-10%, lyl <0.5 . I 12 Pb—Pb, {syy = 5.02 TeV
15 * non-prompt D _ Centrality 0-10%
4 e prompt D’ . O g i
] Average D%, D*, D**
nt
10 I e = T .- _ 0.8 Charged patrticles

¢ Jhy, 0-20%, ly| < 0.9

R i 0.6 Prompt Jiy, ly| < 2.4, CMS
i o - /
L H ‘ J Non-prompt J/y, |y| < 2.4, CMS
O 4 i i ; —_—

- open markelrsz [ extrapolated pp reference |

{ i L T T | O 1 | | 1 | 1 | |
GeV/c 10 20 30 40 50
1 10 p-( ) p, (GeV/c)

® Less suppression observed in the R 0f non-prompt DO mesons than the prompt DO
® Stronger suppression observed in the Rap 0f charged particles than the heavy quarks
» NEm > AE. > AE,
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1.8-ALICE, Prompt D .

1 6F-Pb—Pb, {5y = 5.02 TeV £
- Centrality 0-10% ]

1 '4:' I LIDO LGR ll
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1 2 [ LIDO LGR w/o radiative
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JHEP 2201 (2022) 174

ALICE

 W/o coalescence: large deviation from data
— Hadronization via coalescence is
Important to interpret data

 W/o radiative energy loss: reasonably
describe data in pt <5 GeV/c, but largely
overestimate data at high pr

— Radiative energy loss is dominant at high
pT, while collisional energy loss is
predominant at low and intermediate pr

ZYEATTiTS (NPMWPS) , SIE/FERA/ERE 15



J/Y suppression & regeneration

ALICE

a Development of ‘s . )
&fart of collision quark-glugn plasma il J/P modification vs. energy density
= H. Satz
= regeneration
Low ‘ L gy =
fo= i m]
(RHIC) o — o o — @D 5
energy A4 cou, e £
o
2
2!
.=
e Ay ®P 2
PEX Npetwoge\  HE o @beD a
~ @ \D D . ' i .
Hioh +339°0¢ % 85,0 - B ¢ 5 ﬁﬁ@u "9 = sequential suppression
g e ¥ — D o\ oo *e — (ojD @&JW// ~
(uhil ¥ o, ® 2500~ @D° , LT :
<@ e Q ( 0) @ D <&
energy o 72 e 9, X v "9 o
¥ —> ,L a0 @D
({=))] 2%
0 e s

Energy Density
P. Braun-Munzinger, J. Stachel., Nature 448, 302-309 (2007)

Regeneration of charmonium and charmed hadron production take place at the

phase boundary or in QGP.
Dissociation and regeneration take place in opposite directions vs energy density.
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J/Y suppression & regeneration

ALICE

PLB 849 (2024) 138451; JHEP 02 (2024) 066

< T T T T I T T T T I lllllllll < 1 -4 § | T I T T T T ‘ T T T T [ T T T T _
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® ALICE data from 5.02 TeV Pb-Pb collisions confirm the J/p recombination picture:
» Raalincrease with centrality
» Rpa(LHC) > Raa(RHIC)
» Raamidrapidity > Raaforward rapidity,

The ALICE experiment:
A journey through QCD

® Evidence for the deconfinement and (re)generation

2.5.1 Study of the charmonium ground state: ev@ence Ifor the (re)generation and demonstration of
deconﬁnementlat LHC energies
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Medium response and recoll jet broadening

R=0.4, 0—10% _ ALICE
10 < pr jor < 20GeV /c ALICE: PRL133,022301 (2024) & PRC 110, 014906 (2024)

[ T T | T T T | T T T | T T T | T T T | T T T | T T T _I I I 1 1 T T I I I I I I I I I I | I I I I | I I I I I
- ALICE —=— Data N T o—R-02 JEWEL: T
- Pb-Pb 0-10%  ===== JETSCAPE (Matter+LBT) - I ' .
2.5 V5o = 5.02 TeV — JEWEL (recoils off) — I = R=04 - = recolsof I
L Snn = O e — JEWEL (recoils on, 4MomSub) _ T —R=05 — recoils on, 4MomSub T
= Ch-particle jets, anti-k; Hybrid model - - T
C _ I No Elastic, No Wake ]
2L f1=04, ln‘etl <05 B No Elastic, Wake .
: |A(p - n| < 0.6 ElaStIC’ NO Wake : Leading-particle
C TT{20,50} - TT{5,7} Elastic, Wake i i
1.5 - —]
1 :_ -------------------------- “t’ - _:
O 5 __ / __ 60° ZITZ;CSCIZO?\NW‘ Zr?gg‘cfcm)” B T T
- - o i 10 < P ot < 20 GeV/e | 20 < P ot < 30 GeV/c |
0 C oo b b o b b b b ] P P USSR NN TN SONT SN NN N SO SN AN NN N SN SN N
0 20 40 60 80 100 12(2(39 \1/ ;1((:)) 5 o5 3 5 o5 3
Pr ch jet Ag (rad)

® First observation of recoil jet yield enhancement and
medium-induced acoplanarity broadening at low-p; with ALICE

» Medium FESPONSE 15 favored G-Y. Qin et. al, PRL103, 152303 (2009)
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Elliptic flow

ALICE

ALICE: Phys. Rev. Lett. 105, 252302 (2010) JHEP 06 (2015) 190 EPJC 83(2023)1123
T T 0.15 Centrality: 10-20% - Centrality: 40-50% o)
L (a1)10-20% .
021l - (I?tt) 200 GeV data 20_3 ALICE |y|<08
01 - ; 30—50/ Pb-Pb, \/_N 5.02 TeV
o~ 15 | FYe ; i a i e Non-pr mptD ]
> 01k i : il i Ta:[Ph+F‘b] ',. Q i s Pro mptD D*,D** rage |
- i Wz Ga o ~ ol (PL8813(2021)136054)
0.05 ¥ [ S . >02 ¥ R =l
0 | = B 1- j L Syst. from B feed-down
14 © {a2) Ratio to fit function | % hatomff unctid n I ]
i 0.1~ -
O 12 a ""9 A 1 oy 4 4 c# | o ! 1%»# ]
g 1L ot & W adl  sceoldg o g-g#++- : |
| myRe LT W R iy piiar S 0 = ]
m 08F .1 F & 1 rI!E Ny l"'.!'"r i 1 r Ll T
oZ 08 K4 ] o oo+t ——— A
06 i_ I I I 1 1 1 1 L L | 1 1 1 1 ! | ]
0 1 2 3 3 5 3 00 05 15 00 05 10 15
p,/ng (GeV/c} p,/n, (GeV/c) 1 10 . (GeVic)

® Stronger elliptic collective flow observed in charged particle at the LHC energies

® Non-zerzo elliptic flow observed in prompt and nor-prompt DO from bottom
hadron decays and lower than that of prompt DO for pT <~ 6 GeV/c

® Deviations from NCQ scaling at the level of ==20% indicated

ZYERITiTS (NPMWPS) , SIE/FERA/BRE 19



Elliptic flow from large to small systems a1

Elliptic flow from two(multi)-particle correlations:
V2{2} >0

Elliptic flow from multi-particle correlations in all systems

& F i o :
- subtract jets and other physical 2-particle & T Jpp— B Q'_zse%"é'co VA2, Iani> 1.4} 3
correlations due to non-flow T e e, 00 o ]
- measure with rapidity gap 0.08— 0 B XE'Xe Rk L R —
- - _P :
. o 0.06F4% 1 ‘? O'?a,;/,; A *x =
In AA collisions, collectivity originates from the B p.PbXe-XG Pb-Pb E
presence of a strongly-interacting QGP 0.04 1= 502 13 502 544 502 VS (TeV) —]
- el = B8 "0 ALICE
OPEN QUESTION: what is the origin of the o B GBS 1P-Glesma AMUSIGHLUIGHO ™
' u — PYTHIA 8 -
emerging collectivity in pp, p-Pb collisions? 0= A ——
ging ynpp,p e 10 N (nl<08)

‘ PRL 123 (2019)142301

L YRR G|

- RAENIFEI
- SR'BHF"EFE
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IMRGHERRN S R85

ALICE: Nature Phys. 13 (2017) 535-539 | physics s s oS

ALICE

E i LT e | Enhanced production of multi-strange hadrons in
E L ® 8 f nil K high-multiplicity proton-proton collisions
o 1071 ?@0 m@ ° — ALICE Collaboration®
w [ =1 At sufficiently high temperature and ener; lensity, nuclear  equilil
ke N . 2
Q0 = -
> _ - = n
= [ @P@WME B % deige AR ] :
-9 [ ﬁ’ ever:
@ 1 :E:ir ion o t hardening of p.. distri-
o D ﬁ ﬁ ﬁ g ‘ ‘ * E_+: (Xz) ] ! C/\, . , - pically attributed to the
10°F W 3 o - ALICE T
C ﬂ) ] g =z 2’_.pp,\s=7Te\J {h’
B ] E | Op-Pb, |8 =5.02TeV “ﬁ{
- RL LI g £ lex %ﬁ’ :
_ ' ] € 15 |; P
M i ::__ =l Q # “‘__- i) GE} ]
10° = O pp, V5=7TeV ¥ Pb-Pb, (5,=276TeV A ﬂﬂiﬁﬁ'iME |
: ® pp (5=13TeV O pPo {5y=502TeV ] EE 1
B B Preliminary Pb—Pb, s, = 5.02 TeV i :AF 0 ]
1111 I 1 1 111111 | Il 1 11 1111 I 1 1 11 1 11} ‘ 1 0'5 .',"‘..' | —
10 107 10° 10 10
N /dm, o (AN fdm, o

BRI NR G ppFlp-PbillfERINZEI G A F - 2ibE S EEUEBINIIR, HS5iZ-ZiE L EEE,
RENTEREEREYE STRERFIERER
YIERIRBIMET AR (LA 2Ry ;"JSZXM‘TL%J)
E’F@ﬁﬂié’%QGP%EEE}ZE’J =5 (thermalization, equilibration? )
X‘Jﬁ+§%f~*ﬂlﬁ’] EHEFIEFHI—FRBkEL (string overlap, color reconnection? Hadron scattering)
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Strange baryon-to-meson enhancement in p-Pb coll.

® Understanding hadronization & non-perturbative effects of the underlying event ALICE
® Baryon-to-meson enhancement observed in A+A: flowing medium + quark coalescence

CERNE%Eﬂ%ﬁm A Jet axis

COURIER

Hadron formation differs outside of jets

1 July 2021

p—Pb JSNN =5.02 TeV ALICE Lot
i i et cone
1.0 — Jet antik,, R=0.4, |Mjee] <0.35 inclusive
- | Vol s 2 o perp. cone
n < 0.

VP in jets R(VC, jet) < 0.4

, E [J L v PT > 10 GeV
aulally E B v PT jot > 20 GeV

b | i Jj

| " m f];

0
S

(A +A)/2K

00 =
7 — L____ _ —_
7 agB/B“ g - ——8 —— p = py+ pm
/ﬁ'/ — — PYTHIA8 "
0 T T T T T -
0 4 6 8 10 12 A
p, [GeV]

PLB 827 (2022) 136984, JHEP 07 (2023) 136

e Ratio in jets does not show a maximum at intermediate pr, ratio with UE selection is systematically higher
than the inclusive in 2 < pr <5 GeV/c

e PYTHIA 8 hard QCD is consistent with ratio in jets but does not reproduce the inclusive ratio at low and intermediate py

e No baryon-to-meson enhancement observed in jets , only soft contribution from bulk —> property of soft UE
e input to modelling (hadronization / coalescence)

2024%E8H29H ZERIIFiTS (NPMWPS) , SIE/FERNK/BRE
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Charm hadronization

OD 1 : T T T IC‘ T T T T | T T T T ‘ T T T T : 9 T ‘ T T T ‘ T T T [ T T T I T T T | T T T 101 T T ’-5 1 .O | I ‘ ‘ ‘ |
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QCDFER SRR ET R

LICE

A
m --- PYTHIA 8 LQ/ inclusive
ALICE Data no dead-cone limit
Afundamental QCD feature :
Gluon emission suppressed . _
in acone W|th — SHERPA - -. SHERPA LQ/ |.nC:|US|Ve
no dead-cone limit

— PYTHIA 8

8dc = Mg / Eradiator
037 022 014 o008 @
§ L | I I L | L
ViewoncDs 4/ | m 5< ERadiator <10 GeV
radiationSUppresI::Z?r;zﬁinee_aegenC; (9) dn/d ln 1/9|DO ]ets 1'5 i pp V S - 1 3 TeV ]
with 8, = m/E R —

dn/dIn1/6] ~  large angle small angle

incl.,jets - SECHEEAARE=E == A

T |

D. Dominguez / CERN

« First direct observation for charm quarks in pp — QCD
vacuum by using jet iterative declustering and Lund plane 057 =
analysis of jets that contain a soft D9 meson

» Reduction of gluon radiation from heavy quarks ol L L [ 1 '1 0
at small angles 1 15 2 25 Inl/
Whether is it still validated in QCD medium? ALICE: Nature 605 (2022) 7910, 440
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ALICE

FEREER: FAERGENE
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- - , T ALICE Preliminary
| ALICE Preliminary 0.2< p.< 2.0 GeV/c i o
+ + boul. 4% Pb-Pb 0.8< <08 - ol Pb-Pb s = 5.02 TeV
S il e e 6 V. WAl 50 = i @~ Data (statistical uncertainty) ]
+ ; - Ywmns2Tey b= I systematic uncertainty (correlated) -
8 L = I — % centrality (fi ]
CMW 20.02_ / __ (-2; 1: + + 10-60% centrality (fit) :
POSSibIe effeCt: Out_of_plane 4 : : O-:— ............................... * ............ + ............. ‘ i
quadrupole dipole moment o & Dale (1ak Unosrlalng) - : -
b bles: Ch [ — Fitpolf "ALICE
Observables: Charge asymmetry [ Fit band 68% C.L. (10) P :
dependent v B Y S ¥ T 20 %0 50
P >
A A Ya Centrality (%)
V:V__V+~r =7 /xS N —>t<— ey | —
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with A, = (N* - N) / (N* + N)
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EF-BRESEEEE

il &#EFM’EPH # V%EE'#JE—A?JE& 3

» Proton-hyperon (p-Y) strong interaction poorly known
— Traditional scattering measurements mostly
limited to proton-proton
— Relevant to neutron star modeling in the case
of Aand X
» Momentum-correlation of p-Y pairs produced by a
source of well-measured size in pp and p-Pb -
big jJump inprecision

o ALICE data P== 1
- Coulomb —:
Coulomb + p—=Z"HAL QCD ]
Coulomb + p—Q~HAL QCD elastic —:

- Coulomb + p-Q~HAL QCD elastic +inelastic 1

C ~I~1 +p-Q° _:

C(k*®)

= -l - -
- W T=o-1F T

» Latest result: attractive strong interaction
precisely measured for p-2-and p-Q-

—— Correlation peak at
\k small momentum
difference k* =|pa-pp|/2
induced by interaction

[EEN

C)II|IIII|IIIIIIIIIIIIII

100 200 300
k* (MeV/c)

Po
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2019-2021

ALICE in Run 3 (Ongoing)

Materias mainly from
Xiaozhi’s talk at HP2024

LHC RUN 4

ZERFITITES (NPMWPS) , &B/HERX/ARE

ALICE

Major upgrades installed in 2019-

ALICE
Run 3 Pb-Pb

VSNN = 5.36 TeV

LHC LS4 LHC RUN 5 and RUN
6



New Muon Forward Tracker

» Monolithic Active Pixel Sensor technology

» Spatial resolution: 5 pm
» Pixel size: 27 pm X 29 m
» Integration time: 5 |5

MFT CDS LINK Upgraded Inner Tracking System  TDRITS2 LINK

» 3 layers in inner barrel (1B), 4 in outer barrel (OB)

» Get closer to IP: from 39 mm to 23 mm

> Reduced material budget: from 1.14% X, to 0.36% X, per layer
» Reduced pixel size: from 50 x 425 pm? to 29 x 27 jum?

ZERFITITES (NPMWPS) , &E/HERA/AERE


https://iopscience.iop.org/article/10.1088/0954-3899/41/8/087002 citing
https://cds.cern.ch/record/1981898

/é‘\ ’é"‘ ’é‘\ 105 §| LI I T 11T I T 11T I |||||||||||| I T1rrrT I Trrr I L |§
2 = = E pp, {5 = 13.6 Tev ALICE Performance -
c c - " MFT+MCH+MID |
104 N
"g 2 o 10°¢ ¢ Data E
=2 = — E 0<p™M<2GeVic — Total fit =
3 2 - B os T 36 — Background i
e o g 108 “°° <3, —Jhy Prompt 1
- - = |—J/y Non-Prompt |5
[0} [} > = =
T o ot :
g 5 10° E
© c =
3 ] : :
o 3]
© 10
8 Q 3 , E
€ E F

" Atieast 1 it in the 3 innermost 1752 layers s 4 3 =2 4 0 1 2 3 4 5

At Ieasisﬂ h|it in ithe;mpei-rrp?? ITS Iay?r EEE IJ/W (mm)
107 1 10
P, (GeV/ce)

Improved pointing resolution at midrapidity

already now by factors of 2 and 6 in the transverse plane and beam-line direction, respectively
Secondary vertex reconstruction enabled at forward rapidity

separation of J/y contributions from beauty-hadron decays

ZERFITITES (NPMWPS) , &B/HERX/ARE



ALICE in Run 3 (TPC)

ALICE

= ALICE Performance
Run 3 pp, ¥s = 13.6 TeV

24.3 x 10° events

g e UV

dE/dx (arb. units)
A

'IIII|II'III-IIIIIIIIIIII,III

9% 2 1 o 1 2 3
p/ Z (GeV/c)
Upgraded Time Projection Chamber -> GEM, continuous readout TPC UPGRADE CDS LINK
» pp data taking at 500 kHz
» Pb-Pb data taking at 50 kHz

ZERFITITES (NPMWPS) , &B/HERX/ARE


https://iopscience.iop.org/article/10.1088/1748-0221/16/03/P03022

Run 3 data taking

ALICE
A ) o [ ALICE Performance,|Run 3, pp, /s = 13.6 TeV
e " ALICE Performance, 2023 —12 @ = 50l
% 14l |Pb-Pb, (5,=536 Tev 2 g | Recorded
£ w o £ | 2022: 19.3 pb
E Recorded: 1535.5 IJ.b 10 :‘_} E’ 407 2023 97 pbf1
g 2 3 8 2024: 459 pb”
© g E S |
g 1 = e |
£ E 30
0.8 6 -
0.6 20
4 i
0.4 i
10{—
2 -
0.2 -
0 I 0 Oﬁ | |
05 Oct 12 Oct 19 Oct 26 Oct Mar May Jul Sep Nov Dec
» Pb—Pb data taking at 50 kHz » pp data taking at 500 kHz
» Collected approx. 12 B minimum bias events > 75 pb! minimum bias events are currently recorded
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Charmonia in pp collisions at Vs = 13.6 TeV

Zhang yuan, Zhenjun Xiong, Xiaozhi Bai

ALICE

Run 3 Preliminary

—— [ T T T | T T T T I T T T T | — T T T T T T T T
(&) C ] O - I | I ]
% ’ ‘E&E'_E_ ALICE Preliminary = m ALICE Preliminary .
i == : = ] _ N
O = Inclusive J/y, pp - 0] 1 E pp, Vs = 13.6 TeV E
o) B -E-I—_E_ i P i Inclusive Jiy — e*e’, y| < 0.9 J
5 1 0—1 - = ] = - Lumi. uncert.: 10% .
s g=y E S 40T
% - -E—_E_ ] © 1 0 = 3
o B e - Q- - .
T {02 EALICE, Jiy > e'e, [y| < 0.9 e — % - i
Nb = +1Vs =13.6 TeV (Preliminary) S —— o )
o C Lumi. uncert.: 10% [ © 1 0 =[] CGC+NRQCD (Y-Q. Ma et al) + FONLL =
B : - ° ] E I NRQCD (Y-Q. Ma et al) + FONLL 3
1 0_3 =3 +1s =13 TeV (Eur. Phys. J. C 81 (2021) 1121) = | [[_] NRQCD (M. Butenschon et al) + FONLL =
= Lumi. uncert.: 1.6% (0 < p. < 15 GeV/c) 3 =[] ICEM (V. Cheung st al) + FONLL
B 2.0% ( p_> 15 GeV/c) i 1 0—3 - ] FONLL (J/y from b) (Cacciari et al) —
10_4 E__ 1 1 1 | 1 L 1 1 | 1 I | 1 —— 6 : |5 : : : I‘IIOI : L I‘IJS 12:0
P, (GeV/c) T

» The new J/y cross section is consistent with the Run 2 results

» The data are described by ICEM and NRQCD based models coupled with FONLL to account for the non-prompt
Jhy contribution

ZERFITITES (NPMWPS) , &B/HERX/ARE



w(2S) in pp collisions at Vs = 13.6 TeV
ALICE

Run 3 Preliminary

Zhang yuan, Zhenjun Xiong, Xiaozhi Bai

-2. 1.2 B I I T | I T I .l I. T I | T T T I T I T I T | I T I T I I | -E- : T T T | I T T | T T T | T T T | T T T | T T T I T T T I T T T :

o - ALICE preliminary i b’ ;gF ALICE preliminary =
" 1|~ Inclusive J/y, y(2S), e'e channel, | y| <0.9  BR uncert.: — = pp.Vs=136TeV .
S " ¢-pp, Vs = 13.6 TeV (minimum bias data) e*e channel: 2.2 % _ S 0.7 | Inclusive J/y, y(2S), e’e channel, |y| < 0.9 —

© — -¢-pp, Vs =13 TeV (TRD-triggered data) uu channel: 11 % © - BRuncert.: 2.2 % -
0.8~ . . ; 0.6 cGC+NRQCD (Y-Q. Ma et af) + FONLL g=

[ Inclusive J/y, y(2S), p'u channel, 25< y < 4 i C J NRQCD (Y-Q. Ma et al) + FONLL 3

- #-pp, Vs=13TeV (EPJC 77 (2017) 392) = 0.5 -1 | NRQCD (M. Butenschén e af) + FONLL —

0.6 [~ —] 04 = [ ]ICEM (V. Cheung et al) + FONLL ]
0.4 4$7 [ﬂ - [# - 03[ =

i _ 0.2 ry =

0.2 ;@#%—#ﬁﬁ_@ -- Eﬂﬁ&? \il ]

i ’ 0.1 =

== _ : -
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» Run 3 with the significantly increased statistics allow to reconstruct y(2S) via dielectron decays

» The CGC + NRQCD and ICEM can describe the data at low p; Yiping Wang 24/09 09:00
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https://indico.cern.ch/event/1339555/contributions/6040857/

22 "% in pp collisions at Vs =13.6 TeV

ALICE
ot RunBPrellmlnary

% ]
% EAL'CEPre“m”]ary E §4.0II][IIIIIII|ITI|III|III]TIIIIIIIII]lIIIII_ l
= % pp Vs=136TeV T 8 ,f ALICEPreliminary . paa I p, integrates
8 b Lo o A o pKmn 79 pp, V5= 13.6 TeV T
o 30F z s and charge conj - WL y<05 PYTHIAS T ]
7} - i = B < 0. 1 ) ]
8 “%F o= 1 2 Me\//c2 (fixed) ] © [ sHM:RQM %Mgd22 T BI7u=1566Mev
C Signal = 17288 + 435 “ T 2.5 7. 2170 MeV Mode3 —+ -
201 = s¢ f ATy EMode T Belle (PRD 97, 072005)
- . 2ok T o6, (5-1052GeV 1
15_— 8 < ,C.’_r <12 GeV/c — ) T = Prompt E
C ] - + o Direct
- £2*(2520) i 1 51 1 |T| 7" ]
10 H(E) - p(AY) = (231.34 £ 0.53) MeV/c? C = m T ]
» o =1.2 MeV/c? (fixed) . C —H— I =
5[ Signal = 24758 + 1558 N 1-0—M -+ | =
SU000Y . VTETOUSUURTT o 3 E
£ 4000F E F AR
2 3000F = . 1 ]
o 2000 —i OO_IIJIIIIIIII|lll|IIIIIIIILIIIllllttlllllll__
LI“ 1000F 3 0 2 4 6 8 10 12 14 16 18 20
8 0 P (GeV/c)

5.i4 0.16 0.18 .ofé M&ﬁin}?ﬁpr?ﬁ%?(a;%%z)

> First measurement of the production of Yo+ *(2520) relative to Yo'+ *(2455) in pp collisions at \'s = 13.6 TeV

» No evidence of difference w.r.t. e*e- collisions considering current uncertainties

» PYTHIA 8 Monash (default tune) overestimates the ratio, PYTHIA 8 with with additional color reconnection
topologies underestimates the ratio

ZERFITITES (NPMWPS) , &E/HERA/AERE



Probe the charm baron fragmentation function

ALICE
Run 3 Preliminary

F

N= IIIIIIITIllIIIl
O g~ ALICE Preliminary, pp
< | Al-tagged charged-particle jets, anti-k., R = 0.4
© T
—_ - jet ch
5 7< p‘i“ (GeV/c) < 15, 7 el <05
29 3<p’ (GeV/c) < 15, |y,\;| <08
= o Vs=13TeV

A s-136Tev

----------- PYTHIA 8 Monash, Vs = 13 TeV

I]IIIIII

projection ﬁjet 4
onto jet axis

------- PYTHIA 8 CR Mode 2, Vs = 13 TeV

. Pjet *“Phad [ b |
Al = o o ]
pjet pjet i

I I | I | | 1 11 | | I I | I | | I |

0.4 0.5 0.6 0.7 0.8 0.9 1

2)

» A probing the non-universality of charm baryon hadronisation
» The precision of the new results from Run 3 improved significantly Jochen Klein 25/09 12:10
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https://indico.cern.ch/event/1339555/contributions/6040883/

Probing the charm splitting function
ALICE

Run 3 Preliminary

(o] — (o))
N ol ] N T
T ¥ ALICE Preliminary, pp, Vs = 13.6 TeV 1  © | ALICE Preliminary, pp |
% 10 D’-tagged charged-particle jets, anti-k;, R = 0.4 _' % ~ D°tagged charged-particle jets, anti-k;, R = 0.4 .
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Zg = ! =~ 10 softdrop (z,, = 0.1, £=0) 0 = | 1=pY(GeVic)<30,ly | <08 |
~ jetch .
PTc +DPT,g = - MEI5=p" ©@evio<30 4 = | softdrop (2,4 =0.1,8=0) 1
- [EE 30< P (GeVic) < 50 ] 6— O Vs=13Tev PEN vs-136Tev —
6 ] = -
— ] e ]
4 ] . .
u S ] 4= + |
2 o - T e .
- L - [ N
o - i
@ 1.2F 21— _'}_ _
O 1.0 B - y
o 08 - Ca g 1
= 0. L .
= 04 0—
1 1 ! 1 I N h | .| ‘ | .| ‘ | I . ‘ | I | L 111 | 1111 | L1 11 | L1 11
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Z, Zg
» The momentum fraction of the first splitting in groomed charm jets converges to the charm splitting function(c->cg).
» Run 3 allows us to make differential measurements in jet p;

> In inclusive jets Zg has no dependence on jet py, but in heavy-flavour jets mass effect decreases with increasing p-
Jochen Klein 25/09 12:10
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Energy-energy correlators in jets in pp and p-Pb collisions

arXiv:2409.12687
-~ - T T T T - & T T T T
C 7k ALICE pp Vs=5.02TeV . &) ALICE Preliminary
% Anti-k; charged-particle jets, R = 0.4 e Data : m p-Pb \(S_NN = 5.02 TeV -
W8I |<05, p,,, >1GeVic SRTHAR 1.2 — anti-k, chjets, A =0.4,20 < p:h ' < 40 GeVic
r o Herwig 1 &2 . !
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C . o AHADIC ] 8 .
4 g T 1w I -
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* 1 : RN ,ﬁg::wﬁ
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: L .. o #
1t '&Q . +
dogEc PriPT.; ' L + —e— pPb/pp i
= § do(Ry) ——L6(R}, — Ry)) 0 ] - == PYTHIA nPDF/pp
dR;p, — p'T - ’ © T 0.8 - == Angantyr nPDF/pp _|
4J J W 150 : —— CGC, sat. scale 2
o :0"°'-o-o-'°' w000y R —— CGC, sat. scale6 |
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= I . ; i 10 10
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» A novel jet substructure observable describing the energy TIow Inside Jets, can be calculated from first principles in QCD in

the perturbative limit
Ananya Rai 24/09 12:10

» Separation of the perturbative and non-perturbative regimes
» Modification of the energy-energy correlator (EEC) seen in p-Pb collisions, but not explained by purely initial-state effects
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https://indico.cern.ch/event/1339555/contributions/6040781/

Mass dependence of the energy-energy correlators

ALICE
New Preliminary

zt—\_‘ 25_ LI I ] | | L 1 | L L] |I
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Slg06 07}
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> First heavy flavor energy-energy correlator measurement Anjali Nambrath 24/09 09:00

» Flavour effect is seen as a decrease in the EEC amplitude, peak position is not significantly shifted compared to
Inclusive jets
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Open beauty production in Run 3
ALICE

Run 3 Preliminary
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s 0.15 pp. Vs = 13 TeV (JHEP 10 (2023) 092) — & - pp, Vs =13.6 TeV = © 2<p <16 GeV/c -
i pp, Vs = 13.6 TeV ] 630 ™ | — 5 . 8_ T 4
- . o u. —
i i i 0 ] 0.25 = = Data — 2 I i
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5

» Non-prompt D° fraction measured in Run 3: improved precision compared to Run 2 results and extended down
to pr=0

» Non-prompt AL measured p down to 1 GeV/c
» First direct observation of B meson in ALICE, measured down to p; =2 GeV/c
« Better constraint of the open beauty production Andrea Tavira Garcia 23/09 14:40
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Isolated photon nuclear modification factor R,
ALICE
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» R, consistent with unity within the uncertainties for both R= 0.2 and 0.4, no radiation from QGP at these p;
» Peripheral collision in agreement with PYTHIA prediction including bias on centrality estimation
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Charmonium Polarization *
ALICE

ALICE, PRL 131 (2023) 4, 042303 New performance
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Zhenjun Xiong

» First measurement of quarkonium polarization w.r.t the event plane
» Significant polarization (~3.9¢) observed in semicentral collisions
» Polarization measurements are ongoing at midrapidity with Run 3 data

ZERFITITES (NPMWPS) , &E/HERA/AERE
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> In Pb-Pb collisions:
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D**spin alignment in pp and Pb-Pb collision

} o

e

e b—> D"
1 | I | |

et

{s=13.6 TeV PYTHIA 8 + EVTGEN
= ¢c—> D" @c — D*
b — D*

ALICE
SR M Run 3 Preliminary
y[<0.8 1
Vs =13 TeV ]
oc—D"
> b — D** .
J&L + Mingze Li

4 567810

20 30 40 10°
P, (GeV/ce)

 Spin density matrix p,, > '3 for D** at high p; = quark fragmentation scenario

> In pp collisions:

* poo = ¥ for prompt D**, p,, larger than 3 for non-prompt D**, due to the helicity conservation in weak decays

* New measurement in pp collisions provides an important baseline for Pb-Pb collisions

ZERFITITES (NPMWPS) , &B/HERX/ARE



Charmonium elliptic flow in Run 3

ALICE
Run 3 Preliminary

0.20 FPb + Pb, \syy= 5.02 TeV, 20-40%, Jiy 2.5<y<4 {  =* O4f e T
_ = ALICE _ 035} reliminary, Jhy-pn,25<y < :
: E& inclusive [with SMCs] | 03F Sy =5.02TeV sy =5.36 TeV E
0.15} inclusive [without SMCs] - - . ]
I [ 1Ref.[20] 0.25F = ;g::;gu::u [¢]10-50% ;
“ 02} ’ E
> 010} : :
0151 =
0.1F g BB & @ ‘$7 .
0.05 ; : = = _%_ ]
' | 0.05 - - $ E
i/ I e i ................... -

e . . . = ] o I R U SR R | L.
0'000 2 4 6 8 10 12 —0.05 0 2 4 6 8 10 12 ) é:vfc

pr (GeV) T
M. He, et al., PRL.128, 162301 (2022) Yiping Wang

» The new result is consistent with Run 2, with statistical precision improved at low p; at forward rapidity
» Asignificant J/y v, is observed at forward rapidity, consistent with the charm quark thermalization

ZERFITITES (NPMWPS) , &B/HERX/ARE



Searching for the quasi-particle in QGP

1 I 1 ] 1 1 I 1 1 1 1 ' 1 Ll 1 1 I 1 ] 1 1 I 1 1 1 1 I ]
0| 1¢¥%, Pb — Pb, \/sny = 5.02TeV I Hybrid w/ wake T T
Tti 5 ch-particle}ets, R=02|me| <07 I Hybrid w/ wake + Moliere i N eW p u bl |Cat| 0 n
_ [ JETSCAPEV3.5 AA22
6) < chje: < 80GeV/c JEWEL (recoils) il .
I JEWEL (no recoils) arX|V240912837

kr = PT, subleading sin AR

AR = \/ Ag? + Ay’

» First measurement of the hardest relative transverse jet splitting
» Need well-controlled models baseline from theory to investigate Moliere effects to search quasi-particle in QGP
» Provide new constrain on the microscopic structure and dynamics of the quark—gluon plasma

ZERFITITES (NPMWPS) , &B/HERX/ARE



Quenching with correlated jet substructure

ALICE
i balance é unbalance
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g

» Multidimensional measurement to disentangle jet survival bias from medium modifications

» Allow disentangling modifications to the substructure of jets from energy loss effects arising from migration of
the jet momentum

ZERFITITES (NPMWPS) , &B/HERX/ARE



Dielectron production in Pb—Pb collisions *
ALICE

arxXiv:2308.16704

S I e o oo e e e e e S BN e e s s s s
ALICE
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» Dielectron yield is consistent with hadronic cocktail within uncertainty, the excess in the low-mass region is 1.30
» More statistics and better control of HF background are needed to quantify the excess: full statistics from Run 3
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Di-electron performance in Run 3

Run ° ALICE
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» More statistics and better-pointing resolution thanks to MFT and ITS upgraded in Run 3
» Improved DCA enable the separation of prompt (e.g. thermal) and non-prompt (HF background)

ZERFITITES (NPMWPS) , &B/HERX/ARE
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ITS upgrade HIC assembly at CCNU/Wuhan
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IFES5ALICE IFMESHSR (2029-2032 1=517)
E=E

GRS

B (FBEFaF) =68

A E 3.4<n<5.8

7 m fromIP

EF G EHPADRE; A S6EEE

* BRI D thiEREL
« JEEMQCDIESTE

o RADHERNRIETEAFEEER « INRFHFERIKIEXREAIRIR
- MEBSTHRERF L e o |

Letter of Intent https://cds.cern.ch/record/2703140 TDR—httpS://lnsplrehep.net/llterature/2797164
On track for TDR in 2022 Lol - CERN-LHCC-2020-009 ; LHCC-1-036
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SE={CALICE i#N2E (2036-20411=17)

» high-resolution, wide n coverage, high rates for precision QGP physics
» Heavy-ion physics to the fb-1 luminosity era* with unigue kinematic reach

TOF key requirements

N L] o 1=
* ultra-low material budget ﬂ*lnjiﬁ

for low prtracking

Superconducting gicH
magnet system

* X/Xo ~ 0.05 % / layer * A QCDE— 4 [EIE
T R ERERRIER?
* large acceptance ® e FAR{ZIA ISR ENE

s |n] <4 = Ay = 8 (total)

* |n| < ~ 1.4 (central barrel) iﬁfj'\'fiﬂg'f’}'(ﬁ?

+ excellent spatial resolution .
for tracking and vertexing ¢ &Kiﬁ:h%ﬁﬁ&%;ﬁle

absorber
Mucii * innermost layers: a <3 um

chambers * outer layers: ¢ ~ 5 ym EZF%'IEEQWZW ] DJ&EH:II
A L I c E 3 « precise time measurement ﬁ;ﬁ*ﬁﬂﬂggﬁmﬂim%?

for particle identification

é \J4EE = ﬁE_"" I 2R * 0~20ps
THERRIENTENRNE | marass o mmALICEE= AFNETEES

RAHE. KRE. SSHIE TR, BESSSRIGEIFNSEMETLGAD i
arXiv:1902.01211 TOFIFNZZtHAZFNES
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un number:
First TF orbit: 692888
Date: Tue Jul 5 16:53:05 2022

Detectors: ITS,TPC,TRD,TOF,PHS,EMC,MFT,MCH,MID

AR XY

==




ALICE

20244985 29H B RIITITS (NPMWPS) , SRR/ ERK/E/RZ 56



Collisions systems (so far) :
Pb-Pb, pp, p-Pb, Pb-p, Xe-Xe

Hadronic decays (|y| < 0.8)
® DKt
DKt
D** Dot Kt
Ds"—@m —K K"

NcT—pKTT*

> O S AT

=M =1 (1)

Qc— Qo1
Semi-leptonic decays
® ¢ b—e*(y|<0.7)

® ¢ bopr(25<y<4)
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ALICE

|W§?§i@?§ﬂﬂ%§ (ITS2) |

unﬂaﬂé‘ﬁiﬁ (MFT)
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ALICE

Bjorken's Estimate of the Energy Density
1 dEr

1&;”.5 & () o > [dN/dn
-~ A . elated to thermalization time T, (1 fm/c)

® Central Pb—Pb collisions at 5.02 TeV dN/dn ~ 2000
—  Energy density € ~18 GeV/fm3

. *_':, According to LQCD, the « l4F _ N
z=0" dz QGP is formed when: glzg—AL'CE PP \Sy, =276 TeV ; " ‘ ° °
Bjorken estimate: & =(042 4 0.06) GeV/fm? 3122 ALICE _ EQBBH :
-— — T.= (1565 + 1.5) MeV e, oo Assuming 70 = 1fm/c
_m_. R ‘2‘;.-3 £=12.3+ 1 GeV/fm3
- \ J - 0 50 100 150 200 250 300 350 ﬁbbm

part
| 2ct
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How many particles are created in a collision? arice

In a central Pb-Pb collision at the LHC,
more than 20000 charged tracks must be
reconstructed.

Total Charged particle multiplicity

| I l ' ! '
25000 —  ALICE, Pb-Pb /snn = 5.02TeV |

<

Qo
2
]
]
S
—

- High granularity tracking
systems, primary importance of
tracking, vertexing calibration

20000 —  ® Data

a%(l +bNéé3t)

15000 —

10000 —
Systematic uncertainties.

Fit variance | : :
| | | | | | | 0 1 b >~ WA ,

50 100 150 200 250 300 350 400 ‘ l ('
(Npart)

5000

ALICE, Phys.Lett. B 772 (2017) 567-577
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Average charged particle multiplicity density

normalized to the average Nya VS VSnn
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ALICE Phys. Rev. Lett. 116 (2016) 222302

ALICE Eur. Phys. J. C (2019) 79:307
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'\;\;Charged particle density in central AAcollisions

ALICE

Particle production per participant in AA collisions
follows a steeper power law than in pp, pA and
increased by 2-3x from RHIC to the LHC

AA collisions are more efficient in transferring
energy from beam- to mid- rapidity than pp

participants Npart

ALICE: Pb—Pb at 5.02 TeV — highest energy so far
For 0—-5% most central collisions, confirms trend
from lower energies

—



Temperature of the QGP

T, % T T l T T UL R B O L l e I 1T I = crrrrprrrrprrr | rr T
:}’ = Pb-Pb \s,, =2.76 TeV 5 ,}.0 - i ﬂ |. IC E
= 10°5  [¢] 0-20% ALICE — PDF: CTEQ6MS, FF: GRV —= > (9] [ |ALICE
G . [+120-40% ALICE -- ()PDF: CTEQ6.IM/EPS09,] G 10F 0-20% Pb-Pb |5, = 2.76 TeV 3
> 10 . [+]40-80% ALICE ~ FF:BFG2 =4 > F — Aexp(-p Ty .
=2 F JETPHOX i Top =304 £ 117 £ 407" MeV -
G O 10E [PDF:CT10, FF:BFG2 ~ Hog [O_ 1- o | PHENIX -
Q E nPDF: EPS09, FF: BFG2 A Q - 0-20% Au-Au \s,, = 0.2 TeV ]
2.?; e (all scaled by Ny) 3 2?; - — Aexp(-p/ T)
- - =S T = 239 + 25 £ 7% MeV
K107 - &0 .
£ 3 - For comparison
) B
107 3 - 1| T=156 MeV £ 1.8-:1012K
= Z 2| —
10 - 107¢ [ ] ] 1 | Sun core: 1.5 - 107K
- . . o] 1| Sun surface: 5778 K
104 = i [*] |
g = 8L Q -
. . 107 ‘ o] E
E = C 3
: E - e 1]
107 - : ﬁ%
WPk i Lo ilae i laswligiTeiglails- 10750_' Lo L L :|3 L1 ili- L1 5 L1
0 2 4 6 12 14 GeV/
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¢ Low-pr: 2.60 excess w. r. t. models in 0-20% central — thermal contribution
¢ Terf = 304 £ 12(stat.) £ 41 (syst.) MeV in central collisions — above Tc ~ 170 MeV

¢ 30% higher than at RHIC (Au—Au at Vsnn=200 GeV)  ALICE Phys. Lett. B754 (2016) 235
BERTITITS (NPMWPS) , SEE/HERIA/EARE 62



Upgrading the ALICE detector (RUN 4)

ALICE
ITS3: TDR approved FoCal: TDR approved
yingria : ITS3 CDS LINK CERN-LHCC-2020-009
Structural Shell =
Half Barrels
> Replacing the ITS2 inner layers by "silicon-only" > FoCal-E calorimeter: High-granularity Si-W

> Inner-most radius 19 mm, X 2 improvement in pointing » FoCal-H: Cu-scintillator
resolution > Direct photons, 7%, jets at forward rapidity

> Improve the measurements of heavy flavor and dielectrons at > Unexplored regions of small-x and low Q2 gluons
midrapidity
LHC LS2 LHC RUN 3 LHC LS3 LHC RUN 4 LHC LS4 LHC RUN 5 and RUN
6

2019-2021 ZMB RIS (NPMWPS) |, Sit/dERA/ERRR


https://cds.cern.ch/record/2890181

Upgrading the ALICE detector (RUN 4)
ALICE

FoCal: Prototype
FoCal-H ’

. FoCal-E Pixels

FoCal-E Pads
» 18 layers Si pad sensors
» wafers of 9 x 8 cm?

+ pad size 1 cm?

« readout with HGCROC v2

FoCal-E Pixels

« 2 ALPIDE pixel layers

« Monolithic Active Pixel Sensors
« pixel size of ~30 x 30 pm?

« two tested prototypes (HIC,pCT)

FoCal-H

.. * 9 Cu-scintillating fiber modules
« towers size ~ 6.5 x 6.5 cm?

« length ~110 cm

+ readout with CAEN DT5202

Prototypes constructed to test assembly methods and verify performance

~

Bong-Hwi Lim 24/09 15:55 Jacek Tomasz Otwinowski 24/09 16:15

LHC LS2 LHC RUN 3 LHC LS3 LHC RUN 4 LHC LS4 LHC RUN 5 and RUN
6

2019-2021 ZMB RIS (NPMWPS) |, Sit/dERA/ERRR


https://indico.cern.ch/event/1339555/contributions/6040932/
https://indico.cern.ch/event/1339555/contributions/6040931/

ALICE

Upgrading the detector (ALICE 3)

ECAL Detector concept:

RICH
« Compact all-silicon tracker with high-resolution vertex
detector

« Particle Identification over large acceptance, identification of
muons, electrons, hadrons, photons

« Fast read-out and online processing

Absorber
Magnet

Muon chambers
FCT

Tracker

A Physics programs:

« High-precision beauty measurements

« Multi-charm baryons, exotic hadrons, ultra-soft photons
« Time-dependence and flow of thermal radiation

« D-D and D-D* A¢ correlations

Cas Van Veen 24/09 15:35

LHC LS3 LHC RUN 4 LHC LS4 LHC RUN 5 and RUN
6

2019-2021 ZMB RIS (NPMWPS) , SR/ ERA/ERRR


https://indico.cern.ch/event/1339555/contributions/6040936/

QGPYIERAMEWN: feERE-BE-5a O

ALICE

B _ 3 i F i
According to LQCD, the .= (042 +£0.06) GeV/fm critical energy Tirlcsén:/la:\joén a0
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SB
EEBEE BT oo & WAR

S L B B I 400
S 0 I T |
% 10 ggg;/f Pb-Pb §=2.76 TeV tE, : <4 E895 2.7, 3.3, 3.8, 4.3 GeV :
PhVS. Rev. D 27, 140 E_D/ A exp(-p T/Teﬁ)ﬂ - ® NA498.7,6125,17.3GeV -
14 zj 2 T o = 304+ 115 + 40™Rev o2 - ¢ CERES17.3GeV N
S~ :AL|CE Pb-Pb \/S_ =2.76 TeV T le 1 [o]PHENIX E 300— ®  PHOBOS 62.4, 200 GeV —
; 121 NN : H H H: —Z'ig‘;ﬁ_’;;’l‘f’f)vifO'ZTeV D:Z B : STAR 62.4, 200 GeV i
£ 10: B B H H H Ti01 T o= 239 + 25%7 MV 0:0 : ALICE 2760 GeV ALICE :
> EE 200/ —
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Charm quark transport

ALICE

Diffusion coefficient Ds

- ] IQCD, L. Altenkort et al, PRD 103 (2021) 014511 R

Almost independent of

quark mass
a B QCD, D. Banerjee et al., PRD 85 (2012) 014510 | @ Characterization of the

- N STAR, PRL 118 (2017) 212301 transport properties of the
- I ALiCE, PLB 813 (2021) 136054 medium

. BB ALIGE, JHEP 01 (2022) 174 Constrains the specific
shear viscosity 17/s

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

2 4 6 8 10 12 14 16 18 20
2nD T, at T, =155 MeV
The newest constraints from ALICE by combining D meson Raa and v2
® 15«< 2TTIDs(T) < 4.5, 7charm = (Mcharm/ T) Ds(T) = 3-9 fm/c < 7 medium = 10 fm/c

® Indicate charm may thermalize in the medium
BERFIFNES (NPMWPS) , SE/FERA/ARE 67




ALICE

Gluon emission of aheavy quark

Fully reclustered jet
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