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ALICE: dedicated heavy-ion experiment

ATLAS, CMS: general purpose pp detectors
LHCDb: forward detector, optimised for flavour physics

Pb-Pb collisions: Vsnn = 2.76, 5.02, 5.36 TeV

: /%EJ‘:‘}A '

pcollisions Vs =7,8,13,13.6 TeV other systems: p-Pb, Xe-Xe, O-0O, p-O
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A Large lon Collider Experiment

Condensed matter of QCD: the quark-gluon plasma

Lattice QCD calculations: energy density vs temperature
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T, ~ 155 MeV Bernard et al. hep-lat/0610017 :
Low temperature: . 1 GeV/im? High temperature:
qguarks and gluons confined in hadrons deconfined quark-gluon plasma

Phase transition at critical temperature T. = 155 Mev = 1012 K
Increase of number of degrees of freedom: hadrons (3 pions) — quarks+gluons (37)
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A Large lon Collider Experiment

Heavy Ion collisions: Little Bangs ALICE

Time:0.08 MADAI

X

MADALUS

Stages of the collision: initial stages — QGP/fluid stage — hadron formation (freeze out)

‘Little Bang’: recreate primordial matter in the laboratory
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https://madai-public.cs.unc.edu/visualization/heavy-ion-collisions/

A Large lon Collider Experiment

Gauging the temperature: melting of quarkonia ALICE

Di-muon mass spectrum: pp Di-muon mass spectrum: Pb-Pb
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Higher states suppressed in Pb-Pb collisions

CMS, arXiv:i2303.17026  ATLAS, PRC 107, 054912
TAMU: Du, He, Rapp, PRC 96, 054901
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A Large lon Collider Experiment

Quarkonia: nuclear modification factor ALICE

Nuclear modification vs centrality

PbPb 1.61 nb™', pp 300 pb™* (5.02 TeV)

J /¥ modification vs centrality
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Large suppression — dissociation in central events J /Y : cc bound state

Larger effect for higher states — weaker binding shows smaller suppression
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A Large lon Collider Experiment

Early stage temperature: melting of charmonia (J /1Y) ALICE
J /1y modification vs pr J /Y modification at forward and mid-rapidity
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Less suppression at low pr In agreement with coalescence expectation:

cc recombination larger cc density at mid-rapidity

ALICE, arXiv:1506.08804 PHENIX, arXiv:1103.6269
Transport models: arXiv:1102.2194, arXiv:1401.5845
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A Large lon Collider Experiment

Azimuthal anisotropy: initial and final states

Azimuthal distribution single event
"“200""\""|""|""""I""

Simulated event: location of nucleons
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Initial state spatial anisotropies €n are transferred into
final state momentum anisotropies vn
by pressure gradients, flow of the Quark Gluon Plasma
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A Large lon Collider Experiment

Anisotropic flow: initial state and QGP expansion

Elliptic flow v2
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http://alice-publications.web.cern.ch/node/4287

A Large lon Collider Experiment

Constraining Initial state and plasma properties simultaneously: Bayesian inference ALICE

J. E. Bernhard et al, arXiv: 1605.03954
Experimental input: yields, mean prt and harmonic flow vs pr
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Model: initial anisotropies + medium response

Explores a large parameter space to investigate reliability/robustness of the modeling
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A Large lon Collider Experiment

A global fit to anisotropic flow: main result
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QGP has a very small ‘specific viscosity’ = small mean free path

90% credible region 4
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J. E. Bernhard et al, Nature ALICE
Physics 15, 1113-1117,

arXiv: 1605.03954

Comparison to well-known liquids

Water
T Helium
= Quark—gluon plasma /
- l | | | |
0 0.5 1.0 1:5 2.0 2.9
TIT,

M = ;nph

Viscosity close to fundamental lower bound
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A Large lon Collider Experiment

.-"/ 7 I|

Exploring Initial state geometry: event plane correlations ALTCE

ALICE, arXiv:2302.01234

Elliptic deformation Comparison to previous results Comparison to theory
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New result: No significant correlations between ¥, and Vs
In line with expectations from initial state geometry
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A Large lon Collider Experiment

Messengers of the Plasma: soft and hard processes

Soft processes
Momenta comparable to QGP temperature /

pr S 3GeV/c m
Near thermal equilibrium with the plasma

‘particles from the QGP’

Hard processes: large momenta >> Tqcp

A
v,

« Short formation time: initial production independent of QGP formation
« Start out far out of thermal equilibrium: approach equilibrium through interactions
» Short life time: expect only partial equilibration

‘Hard probes’ of interactions with the QGP
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A Large lon Collider Experiment

ALICE, PLB720, 52

Nuclear modification of pr spectra VS, EPUC. 72,1045 ALTCE

ATLAS, arXiv:1504.04337

Charged particle pr spectra o
Nuclear modification factor

1

-
o 1
=
> 107
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S 104 O O ATLAS + d L}
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2 | JARTLE
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- B __ T
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n %% : Low pr: P 156
107 7’%/\% soft production, P dN/dpy] . ,
B =2 Npart Scalin At
C Energy loss 822 o, Part 9 N dN/dp;| .
10_13‘_ o A E!qergy loss
| | % Raa < 1
0 50 100
p_ (GeV) Pb+Pb: clear suppression (Raa < 1): parton energy loss
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A Large lon Collider Experiment

Azimuthal anisotropy: two mechanisms

Hydrodynamical expansion

Conversion of pressure gradients into momentum space anisotropy

' ’\ Expansion
Hadronisation

»

—

dv
dt

Vp = p

Equilibrium processes: soft particle production
and low-pt heavy flavour

ALICE

Parton energy loss

Anisotropy due to energy loss and path length differences

Dominant effect at high pr

Energy loss

More energy loss along AEmed ~ ocSéLz
long axis than short axis

Out-of-equilibrium: high-pTt processes

ALICE and the Heavy-lon program at CERN | IoP joint meeting, Liverpool | Marco van Leeuwen
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A Large lon Collider Experiment

Nuclear modification and elliptic flow of D mesons

charm quarks, m >> T are produced In an initial hard scattering

Nuclear modification factor Elliptic flow v2
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https://link.springer.com/article/10.1007/JHEP01(2022)174
https://link.springer.com/article/10.1007/JHEP01(2022)174

A Large lon Collider Experiment

Heavy flavor transport coefficient. Bayesian fit

N

Diffusion coefficient Ds Transport coefficient g

m— MCQ@sHQ), elastic K=1.5 mmm=  Duke-LGV, median - c—quark, pQCD
= = MCQ@sHQ, elat+rad K=0.8 Duke-LGV, 90% C.R c—quark LBT
m— PHSD 1 c-quark T-matrix U-pot Duk LE} di
20 | e QPM (Catania), BM ® c-quark lattice Ding et.al uxe- V’ median ’ S ‘
= = QPM(Catania), LGV i’ HQ lattice Banergee et.al Duke—LGV, 90% C.R ~—_
- € JET(light quark) %
15} S
\% A
= ||
N 10 \Q}
A P
S
Y. Xu et al, PRC 97, 014907

0.2 0.4 0.6 < {q%)
T |GeV] q = 1
Data constrain transport properties of the QGP

Results agree with lattice QCD/pQCD expectations
and between light and heavy flavour sector

ALICE and the Heavy-lon program at CERN | IoP joint meeting, Liverpool | Marco van Leeuwen 29



A Large lon Collider Experiment

Elliptic flow of charm beauty quarks: effect of mass ALICE
Jhp (cc) and Y (bDb) elliptic flow Open charm, beauty elliptic flow
S F ALICEPb-Pb |sy=5.02TeV 5-60% | |3 o Al ] R
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Quarkonia: flow generated by quark flow and coalescence Non-prompt D mesons (open beauty)
Charmonia: large elliptic flow — Bottomonia: compatible with no flow show smaller v-

Beauty quarks flow less than charm quarks: larger mass, slower thermalisation
Open and hidden flavor allow to investigate impact of hadronisation, light quark flow
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A Large lon Collider Experiment

Energy loss: di-jet asymmetry

Softdrop splitting angle 0
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Di-jet energy imbalance: jets lose energy
as they propagate through the plasma

More in K Rajagopal’s presentation Tuesday
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A Large lon Collider Experiment

ALICE upgrades for Run 3 and 4

TPC: GEM readout

D+ and Ds* In Pb Pb
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muon system, TRD, EMCal

ALICE LS2 upgrade paper: arXiv:2302.01238 Large data samples — offline event selection for pp

Improved pointing resolution and readout rate:
record 50 kHz Pb-PDb collisions (50x more minimum bias events)

Full pixel detector 13 Gpixels
Improved spatial resolution
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ITS 3 and FoCal for Run 4 ALICE

ITS 3: ultra-light, fully cylindrical tracking layers FoCal: high-granularity foward calorimeter

1 3.4<n<5.38 Longitudinal profile (2y showers)
Cylindrical
Structural Shell | a° Geantd simulation i Longitudinal Profile
- - - - = : . = a = o o] m
FocaIH -, - Do o0 :iEEBEOOODOE OO
gor— - 0@ T EEEOFECe[a]E]HEE E 5 =
\ A o0 s [E-oeEE@EEe[EO0OE=][E] @
HalfBarrelS > m 0 E & =z O O0O00O000O~BO @B =
| E=450Gev LN . 0" )
s y=45p =10GeV/c [
880 L

900

FoCal-E

Lol: CERN-LHCC-2020-009

Lol: CERN-LHCC-2019-018

DPTS test paper arXiv:2212.08621

High-granularity Si-W EM calorimeter for
Improved performance for photons and 1r°

- Heavy flavour reconstruction - Small-x physics in pp and p-Pb
- Di-lepton measurements - Forward 70 in Pb-Pb

TDRs approved, installation in LS3: 2026-2028
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s
LHC program time line

ALICE

2021 | 2022 2023 | 12024 |, 2025 |, 2026 , 2027 , 2028 , 2029 , 2030 , 2031 , 2032 , 2033 , 2034 , 2035
2 Run 3 LS 3 Run 4 1S 4

ALICE 2 Phase Il upgrades ALICE 3
ATLAS, CMS

ALICE: ITS 3 & FoCal
Today

ECAL
RICH

Absorber
Magnet

Muon chambers
FCT

TOF
Tracker
Vertex detector

ALICE 3 Lol:
ATLAS and CMS Phase Il upgrades: ALICE 3:

CERN-LHCC-2022-009
- New trackers: HI trackingup ton = 4 - Excellent pointing resolution
- Timing layers: PID

- Large n coverage
- New ZDCs - Excellent PID: TOF, RICH, muons, EMCal

LHCDb: Phase llb upgrades

ALICE and the Heavy-lon program at CERN | IoP joint meeting, Liverpool | Marco van Leeuwen
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Dielectrons: chiral symmetry and thermal emission

Dileptons in run 3 and 4

"I- | | | | [ | | | | | | | | | | | | | | | | | | |
) — n n —
% 1E ALICE Upgrade Simulation -
> - Pb-Pb s, =55TeV —— RappSum (broad p) -
g | 0-10%, L,,=3nb"  ------- Rapp Sum (drop p) B
>~1 0_1 | ITS2, B=0.2T = ------- Rapp Sum_(vac P) _
'Om - Inel <0.8 —#— ‘meas.’ - cc - cockt. =
E‘" 5 P > 0.2 GeV/c ] Syst. uncert. sig. + bkg.
K2, ’ E— Syst. uncert. cc + cocktail |
=
o -2 —
< 10 F =
N - -
'o | _
.; = _
() - YYN]. aee-ea —
L. 03
D 1 0 E_ -------- _E
107°E - =
ni AR A R R R L1 1 1 || ke s T
0 0.5 1 1.5 2 2.5
M. (GeV/c?)

Run 3 and 4: first measurements
of thermal dilepton emission at LHC

—s first access to average T

—_
o

—r

1/Ng, dN 2/dm..dy (GeV/c 2)’
o

1072

10°°

1.2

'data'/cocktail

ALICE 3 mass spectrum

L L L L B L I
ALICE 3 Study .- vacuum p SF
0-10% Pb-Pb, |s,, = 5.02 TeV
. TOF+RICH (40, rej), B=0.5T
0.2< P, < 4 GeVic,In1<0.8
No bremsstrahlung included

DCA,, =<1.20

— in med. SF w/ x-mixing
— in med. SF w/o x-mixing
¢ L. =5.6nb"'measured'

int

Syst. Uncertainties:

sig. ( 5%) + bkg. (0.02%)

cC (15%) + LF (10%)

‘ﬂ
.
-
......
- -
-------------

||||||||||||||||||||||||||

High precision:
access p — aq mixing

Dielectron v2

LN n.5 | | | | | | | | | | I | | I | |
[~ ALICE 3 Study 7
| 30-50% Pb-Pb, {5, =5.02TeV, L =33.6 nb’ ]
-~ TOF+RICH (40, rej), B=05T -

04~ 02<p_<4Gevic,m|<1.75 =
| Mo bremsstrahlung included _
- DCA,, <1.20,0.65<m__ <0.75 GeV/c 2 5 —
0.3l Ve from PRC 101 044904 (2020) 9
L& prompt dielectrons * S
- — -
¢ excess dielectrons
: — :
0.2 —
: ——— :
0.1 e -
= + =
. i
| | | | | | | | | | | | | I | |

UU 1 2 3

| . Pr e (GeV/c)

Excellent precision for dilepton v2 vs
pT in different mass ranges
— time evolution of temperature
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Summary ALICE

* LHC heavy-ion program: multi-body QCD and the | Hydrodynamic stage
properties of strongly interacting matter at high T - -

* Dissociation (‘melting’) of quarkonia: very high density and T To: Y(25),Y(1S)

* Determine properties of QGP: viscosity and transport Teri(y)
coefficients @ Torr(h*)
* Viscosity very small: close to lower limitn /s = 1/4m @ Chemical freeze-out (Tchem)
* Longer thermalization time for beauty than charm @) Kinetic freeze-out (Tiin)

* First measurements of thermal radiation expected with < Lattice QCD: Crossover phase transition range
upgraded detector in Run 3 + 4 015 030 045 060 075 0.90

_ Temperature (GeV)
* ALICE 3: next-generation upgrade for run 5 and 6

ALICE, arXiv:2211.04384
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SOATLAS

EXPERIMENT

ALICE
Run 3 Pb-Pb
V5NN = 5.36 TeV

27 September 2023, 04:50

CMS Expenment at the LHC, CERN
Data recorded: 2023-Sep-26 17:59:51.672000 GM
Run / Event/ LS: 374288 [ 9272477 / 82




A Large lon Collider Experiment

Heavy lon Physics: thermal radiation from the early stages ALICE

QGP, expansion

Intial stages

Final state: hadron S‘caft'erih‘g' 5
e

Emission of thermal radiation
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Baryon to meson ratio: beauty sector (non-prompt charm) ALICE

Charm fragmentation fraction Prompt and non-prompt Ac/D
EB 1 — AL|(|3E ppl |y| < (I) 5 | | | I | - %1.4_Iplpl IVI_I 13'Te\|/ - Monéllshl_ IF;\I"i';-IllAB - Hcl'll—R'BI—IC OI_:
u , ' . _ <1.2F ALICE, |y| < T —non-pr *D° .
! e (s—13 TeV ar><w.23|b8.04877 ] i S p'ggmp?jm T non-prompt A 1
Q4 0oF rom tA/D
L 0.8 = Vs=5.02TeV COF LA
B = 0.8 + p/m
i + B factories, e'e”, s = 10.5 GeV | F06F Hily
0_6 —(g. + LEP, e+e_, E -_ mZ 043 -E-
- e HERA, ep, DIS ~ ook
i o HERA, ep, photoproduction i il
0.4 214F Licb, 20<y <45 CLRBLC2T ;
ﬂ E' - 21.2:— o Ag/(B°+B") + -
- . } 81 of 1 ]
- (a — E E
02 Fm mg iE 200 _
20.6] ]
i ﬁ?* U ‘ N
0 I | m * |E| EI "20 | = o4 E
D° D* D A{ = E Jy DY g 0.2 :

1 2 3456 10 20 30 1 2 345 10 20 30
P, (GeV/c) P, (GeV/c)

arXiv:2308.048/73

Baryon production larger in pp than e*e"
Nc, =c, 2c measured Baryon enhancement also present in beauty sector

In line with expectation from color-reconnection models
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Azimuthal anisotropy: initial and final state

t=0.4fm 7
350 .
200 NO viscosity ] 5
n/s=0 £ :
250 / 3
200
E 1
7 150 0
100 \ 7
30 n/s = 0.16 5
; Low viscosity 4

X [fm]

Schenke and Jeon,
Phys.Rev.Lett.106:042301
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Bayesian analysis of flow: results

N Viscosity vs T
Initial state geometry

037 Shear viscosity =
Calibrated to:
Calibrated to- Pb—Pb 2.76 and 5.02 TeV /\ [
g ) —— Posterior median | , , , J
FR-iF0:2.46 and 5.02 Te¥ 90% credible region 4 i @
0.2 - -
>
= 8 T =
2 5 .
Wounded 3 @
KLN nucleon B - Q 27 1 QO
- = . ' I l > @ .
1))
1.0 05 0 0.5 1.0 Lt y S
p <
o . 0 T | | 0 I I T —
Energy density in transverse plane 150 200 250 300 0 005 010 045 020 o
Temperature (MeV) (/8) min 8
=)
i 0.08 - . :
Bulk viscosity %
Ol
= ~
= 0.06 - 0.10 - -
0.08 .
\4 =, 0.04 - =
S 0.06 - g
p=-1 p=0 p=1 =
= 0.04 .
0.02 - 5
: : : ey 0.02 .
Flow data provide information on initial geometry
and ViSCOSity of the QGP at the same time O150 200 250 300 ’ 0 002 004 006 008 0.10
Temperature (MeV) (&79) max
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Heavy-ion collisions as a laboratory for nuclear and hadron physics ALICE

Example: life time of strange baryons and nuclei Hypernuclei life time
Theoretical Predictions |
Proper decay length distribution Life time: comparison to existing results T Ve 18 (1003 8057 - - PRGOS 1008 1908
e PRC 102 (2020) 064002 PLB 811 (2020) 135916

10" Pb-Pb, 8y, 5.02 TeV, 0-90% - | | | | | - PR 136 (1964) B1803| @~ w177 TTETTT
T : 275~ — = AN =
S . Data(A+A) - ZECH  STAR | PRL 20 (1968) 819 e _

:5; Bk i - PR 180 (1969) 1307 e
E o = (261,07 £0.57) ps 270~ o ] NPB 16 (1970) 46 | —o—' | : -
E, 102~ 2/NDF = 25.458/25 = g B . n PRD 1 (1970) 66 — : E S .
s “(‘]';265_ - NPB 67 (1973) 269 | . E.: N
3 = . STAR, Science 328 (2010) 58| S (& )
2 o1 | = | n = |

E 1-01*HH+++H++HHHH|" :ai—) 260_— O HypHi, NPA 913 (2013) 170 B IEE ! .

S o i * + ’ < - POULARD ALICE - ALICE, PLB 754 (2016) 360 -IEE-—': B
0.970— : - T — - CLAYTON i STAR, PRC 97 (2018) 054909 — E.E; E ;—A lifetime - PDG value —]
L/ By (cm) 255 — | ; _ELH _

- - ALICE, PLB 797 (2019) 134905 ! 4
! Current world average | STAR, PRL 128 (2021) 202301 B I Et—l : N
- R. L. Workman et al. (PDG), PTEP 083C01 (2022) - ’ - N _
— arXiv:2303.00606 250 I I I IR BT ALICE,Pb-Pb5.02Tev| & |

Tt 0 100 200 300 400 500
3 T
“H lifetime (ps)
AO ) P Ty x = [261.07 £0.37(stat.) =0.72(syst.)] ps. arXiv-2209.07360 P
'¢' : : : . : 7o
Liab Life time measurements of hyperons and hypernuclei competitive with world data @@\
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Measuring hadron interaction potentials via femtoscopic correlations

Momentum correlations of low-k pairs Known from Bose-Einstein correlations of identical bosons
Hanbury-Brown Twiss interferometry
C(k*)>1
Attraction
s _: D Correlation function depends on source distribution
7"% and interaction potential:

C(k*) =] S(;)\‘P(I;*,;)Pd?’;

C(k*) — Ilvvsame((l;:*))
mixed With (e.g. from pion or proton pairs)
kx=ky — ky, determine interaction potential

Gives access hadron interaction potentials of unstable hadrons
= Connections to hadron and nuclear physics
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®

ALICE

Correlation measurements of strong 2-body Interactions

p/\ correlations

% 2 0 i A A A L L e R B R B A 1o o ISR B B N EPP RSV ]
X a) ALICE pp Vs =13 TeV 1= = e ALICE pp Vs = 13 TeV —
— _ . S - High Mult. (0-0.17% INEL .
O 2 high-mult. (0-0.17% INEL>0) 1P : oh Ml 8 0.7 770 INEL>0) -
1 gk* sl pA @ PA pairs 48 " T Lomoscopi E
O . i N ackgroun ]
b —— Fit NLO13 (600) Bl y Non rosonan E
~E LO (600) = § ﬂ.‘# — Resonant ]
n . 0. - M,,1ep0, = 1618.49 + 0.28(stat) + 0.21(syst) MeV/c? Z
1.4 Residual pX=: xEFT =N LS $igg fz,i= 1 01 +0.14(stat) + 0.39(syst) MeV —
- Residual p=~ @ p=° 1 R o, T\« = 115.99 £8.56(slal)  4.08(sys) MeV ]
12 ERS 1.2 " - —
C I I N l ]
1 C | A RN — | :—:—:_ @ % .
> 1.06 ' =N 1.1f™ —
% 1 04l — Cubic baseline mEN
1.02f3 > 1 —
11— = -
0.98— —] 4 —:
S E < °F 0
: 0

: -2 M
—-5E . _ . . Y N S TR TR L N TN S S T =
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k* (MeV/c)

k* (MeV/c)

AK correlations

£6061 G0ECNXxIe

C. o (K*)

pD correlations

N

ALICE pp Vs = 13 TeV
High-mult. (0-0.17% INEL > 0)

e pD @pD*

— Coulomb

C. Fontoura et al.

Y. Yamaguchi et al.

J. Hofmann and M. Lutz

J. Haidenbauer et al. (9°/4x = 2.25)

e

4 -+

o

100 200 300

400

k* (MeV/c)

Large number of channels being explored, baryon-baryon and baryon-meson, including charm mesons
Close contact with theory community to provide feedback on models and lattice calculations

0L0c50 (cc0c) 901 d A8y "sAyd
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Strong interaction potentials: 3-body interactions ALICE

p-d correlations

ppp correlations ppK correlations

o L B DL L L DL L L — -Q - . T™TrTrrrrrr--——-—7T’T"TTT'rTrTrrrr T T T T T T T T T T T T T T T T
G =2 ALICE 3 1m u NS ™ 6 F | ! | | [ ! | | Il T
= 45F i N
° LE pp Vs =13 TeV ERS 1= — gg 9;:, - ALICE 1B
35§ High Mult. (0-0.17% INEL) R - 118 O i H% pp \s =13 TeV 1 §
CER L ERr 0.8 ALICE — = ] : (0-0.17° 11
3E * | pPp-pdpp-p Data = 2 —~ L op High-mult. ¥s=13Tev J |X High Mult. (0-0.17% INEL > 0) =
2-5§_ ——— p—p-p Two-particle correlations,_% > ;\5 0 6:_— 57 p-d ® - 1 4 |- o 7R
5 E_ +_+_ projector method _E % O B AV18+UIX (full) i B e (p_p_K_2 ® (p_p_K ) ~ 1 '
S + 1 = 0.4 I AV18+UIX (s*-wave) —' . (P-p)-K™ +2x p-(p-K’) -2 _
1SE e ERS Pionless EFT (NLO) i i l
1 E“*"'"""““*"'*“""‘"'E 8 0.2 Baseline _ B | a
0.5F + = R i ’ 2 *
PP P BN EFENET B B a n | ! | ! | ] i E+E=¢= ]
01 02 03 04 05 06 07 08 5 | | | | | — I o e PP
B i S o805 04 08706 07 08
o= . L I . I . I . I L O (GeV/C)
Significant deviation at small Qs: 0 100 200k* (&OOV/ )400 200 600 >
. . . . eV/c
sign of direct three-body Interactions No significant effect of three-body
Need full three-body calculation to Interactions

explain measurement

More to come with run-3 event selection: input for 3-body effects in hadron/nuclear physics
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Back to the earliest stages: direct photon production ALICE

%"" % 1 | L | | | | | | I.I |. [ ; Ijz
; o e 1 B
: 0 S - Sy=2.76TeV 3 -
Large background: decay photons from 7°, n, ... 5 10 T0-10% combined 1 |2
= Challenging measurement & |8 10 s * ]20-40% combined |
Q - 4 " Y rompt PQCDNLOxT,, 3 |&
s 1= N PDF: CTEQ6MS, FF: GRV_] |0
< - Rt X W. Vogelsang et al. 5 &
10" b\jﬁ% J. Phys. G 23 A1 -
Main sources: 02k g, _i
MR\ ¥
* High pr: hard scattering; quark-gluon Compton 103k R R -
u TR \ .
rocess 4L *s = -
P 10 = C. Gale et al. m\p e X103
., el Phys. Rev. C 105 (2022) 014909 =% X s
* Low prt: thermal radiation 1055 __. b, Dasgupta et al, - -
- Phys. Rev. C 98 (2018) 024911 - ]
10°e —- 0. Linnyk et al. . =
- Phys. Rev. C 92 (2015) 054914 .
1077 H. van Hees et al. -
= Nucl. Phys. A 933 (2015) 256 5
Excess at low pT: thermal photons 108 ] ] o
1 1
0p (GeV/c)

ALICE and the Heavy-lon program at CERN | IoP joint meeting, Liverpool | Marco van Leeuwen 40


http://www.sciencedirect.com/science/article/pii/S0370269316000320

A Large lon Collider Experiment

Direct photon excess: thermal production

Direct photon excess spectrum Spectral slope: apparent temperature
C’\l-\ 102:I Tl I L | L | L | L | L | L | L I ol I_: .
ci) - ALIGE Preliminary i % 0.7_ | T T T TTT] T T T | i
O B Po—Pb (s, =276 TeV - 0 — Fitrange: 2.0 (2.1) < p_ < 4.0 GeV/c ALICE Preliminary -
S 10L o1 0.10% - “"% | [¢]ALICE, Po—Pb, |5, = 2760 GeV Preliminary i
B > 0 N = o400 E ~ 0.6~ [0]PHENIX, Au-Au, {5 = 200 GeV (arXiv:2203.17187) —
g Q.l_ B ° . — Fitrange: 0.8 (0.9, 1.1) < p; < 1.9 (2.1) GeV/c m
= B 1= *\ E | | ALICE, Pb—Pb, |s,, = 2760 GeV Preliminary s _
N - -
o 1 F i o] . 0.5~ [« |ALICE, Pb-Pb, {5y = 2760 GeV (PLB 754, 235) —
23;1 0_1- AN ] : - [0 |PHENIX, Au-Au, S, = 200 GeV (arXiv:2203.17187) H .
- = ? ~ E - 0 " [/ |PHENIX, Au-Au, |5, = 62.4 GeV (PRC 107, 024914) H ]
N F N ] : —
Q
_2_ o] ] B | ]
107 =] E=— E — | 9 jg H ﬁ |
- - x 10 - - 0 7
- E ® = 0.3 o
10_3:— [:—."?T‘] — : 1 :
- Aexp(-p./ T ) —4 . - h;' _
- —0-10% . - 0.oF L -
104 T4 =343+ 32 (stat) £ 68 (syst) MeV s - L A .
. —20-40% 3 — Y A _
- T =339+ 38 (stat) £ 64 (syst) MeV - B |
_5- cees 0-10% 7 0.1 Fit range: p, < 1.3 GeV/c ]
107E  7T,,=406+ 19 (stat) = 36 (syst) MeV E H A]PHENIX, Au-Au, |5, = 62.4 GeV (PRC 107, 024914) -
- - 20-40% - B V]PHENIX, Au-Au, |5, = 39 GeV (PRC 107, 024914)  _
B T =458 £ 25 (stat) + 40 (syst) MeV 7 = -
10_6 | eff | | ( |) |( y ) | | | — 0 | | | I | | | | [ 1 1 11 | |
05 1 15 2 25 3 35 4 45 5 20 30 40 102 2x10? 10°  2x10°
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Apparent temperature larger at LHC than RHIC

Thermal emission visible for mid-central and central events .
Absolute temperature depends on blue shift
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Mass dependence: charm and beauty ALICE

Raa Overview
27.4 pb™ (5.02 TeV pp) + 530 ub™ (5.02 TeV PbPb)

Prompt and non-prompt D°

E - 0 ®
ALICE, Pb-Pb, {5 =5.02TeV | O 16— CMS e D" from b hadrons lyl<1 =
0-10%, |y| < 0.5 E - ) ¢ B |y|<24 R
e non-prompt D° m 14— a Prompt D" lyl<t J/yp from b hadrons: ’
e prompt D’ o 1o o Charged hadrons mi<1 & 1.8<lyl<2.4 o0
N | O
S .EGlobal uncertainty + lyl<2.4 N
5 3 F )
o8
0.6—
0.4
0.2
B | | | | | | | | | | | | | | | | | I
O— % 3 4567810 20 30 40 100

p_ (GeV/c)

Raa smaller for beauty than for charm at pr < 20 GeV
In line with qualitative expectations for both collisional and radiative mechanisms
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Jet-radius dependence of energy loss In Pb-Pb collisions ALTCE
ALICE, arXiv:2303.00592 Nuclear modification factor R-dependence: ratio R=0.6/R=0.2
§ I N I B R B S B B B B ’c'{r B L Tt
S e o4 o | S 1.4 ALICE, 0-10% Pb-Pb s, —
Out-of-cone radiation =g == =n=s N [g - Ch-particle jets, anti-k, i N
R,a<1 "-------—-— — ~= B 7
B _ 1.2 —
incomin 9999999) [ " ALICE |5, = 5.02 TeV, 0-10% Pb-Pb 1 & -
parton - Ch-patrticle jets, anti-k-, In. 1 <0.9-R 1 © -
In-cone radiation 0.8— jet ] o T  adPQ gl 1 .
Jet broadening — - Il B
i 1 o i
- i} =< 0.8—
0.6— _| D:e.t -
Quantify in- and out-of-cone I ¥ 0-6:— —
radiation by measuring 0.4 = i _
jet quenChmg vs cone radius i ¢ ¢ ] 0.4_—D:|ALICE Data = Mehtar-Tani et. al, g i
- ' | m o | ® . - mm LIDO w1 Mehtar-Tani et. al, g -
0.2— = — - mm LBT =1 Mehtar-Tani et. al, all .
E - 0.2~ JEWEL w/o Recoils  Hybrid Model w/ Wake —
= o _ - - @ Factorization mm JETSCAPE v3.5 AA22
- |- TAAl normalllzatlon |uncerta||nty . ~ mm MARTINI i
| L1 | L1 | L1 | L1 | L L1 | ol b b b e b by
9720 20 60 80 100 120 140 0720 40 60 80 100 120 140
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* Machine-learning based background subtraction enables jet measurements with R up to 0.6 at pt ~ 50 GeV
* Jet suppression increases with increasing R: wider jets lose more energy
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Jet energy loss: difference of jet axis directions

arXiv:2303.13347

% | ALICE ® pp |
'8 % - \{SNN =5.02 TeV M Pb—-Pb0-10% -
_ O 40 - Ch-particle jets, anti-k- Syst. uncertainty -
—[o B -
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E ARaxis I ]
L I . — - |

WTA 5 2 MATTER+LBT s JEWEL, recoils off

|| T medium g/g JEWEL, recoils on

5 15F p_ broadening

3

* Difference of jet axis direction, e.g. ; 55 e
- —
* winner-takes-all vs standard average o 2F T Hybrid (Lee = 0)
. . - | . | res; ]
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http://arxiv.org/abs/2303.13347

A Large lon Collider Experiment

LHC Run 5 and 6: ALICE 3 Al TCE

— Absorber — ECAL
Magnet RICH

Muon chambers

* Compact all-silicon tracker FCT
with high-resolution vertex detector

* Particle Identification over large acceptance:
muons, electrons, hadrons, photons

* Fast read-out and online processing

Letter of Intent: LHCC-2022-009

=
o
o

ALICE 1

Twi \@ALICEZ J— TOF
oy % Run3 p—
ALICE upgrade path: ¢ ! auce2 . Tracker
improvement of 5 K Vertex detector
detector performance 3 ®
4 ALICE 3
< 1 10 100 1000

Acceptance (An)X Pb-Pb interaction rate (kHz)

R&D and scoping discussions ongoing: more in Dec meeting
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https://cds.cern.ch/record/2803563

A Large lon Collider Experiment

DD aZimUthaI COrrelatiOnS ALICE 3 projection: DD correlations ALICE
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* Angular decorrelation directly probes QGP scattering 47100 D e crgatore. g s

* Signal strongest at low pr %i B0 I E
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