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1.1 Signals and Observables

In order to establish and analyse the existence of
QCD bulk matter and the QGP, a number of observ-
ables have to be studied in a systematic and com-
prehensive way {13]. Some observables are needed to
characterize the global features of the state created
during the collision in order to constrain theoretical
models (e.g. relevant degrees of freedom, size, life-
time, density, dynamical evolution). These observ-
ables yield information about the initial conditions
and space-time evolution, necessary in order to in-
terpret a specific signal as a QGP signature, or as an
indication of new physics. Our strategy is to study
a number of these specific signaels in the same ex-
periment together with global information about the
events. The signals accessible to our detector are de-
scribed in detail in the following sections. They are
listed below according to the aspect of the collision
on which they have a bearing (see [1, 2, 11, 14] for
original references):

Future measurements in ALIGBaehanseuDh

e INITIAL CONDITIONS: global event features

measure the number of colliding nucleons and
give information on the energy density obtained.

QUARK-GLUON PLASMA: prompt photons
can reveal the characteristic thermal radiation
from the plasma; the cross-section of high-p,
hadrons is sensitive to the energy loss of the par-
tons in the plasma; J/%¥ production probes de-
confinement.

PHASE TRANSITION: Strangeness production
is sensitive to the large s quark density expected
from (partial) chiral symmetry restoration in the
plasma; multiplicity fluctuations are a signature
for the critical phenomena at the onset of a phase
transition; particle interferomelry measures the
expansion time in the mixed phase, which is ex-
pected to be long in the case of a first-order phase
transition.

HADRONIC MATTER: Particle ratios, trans-
verse-momentum distributions and resonance
line-shape parameters are all sensitive to the dy-
namical evolution of the hadronic phase; inter-
ferometry allows the measurement of the freeze-
out radius of the hadronic fireball.
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ALICE 2

ALICE 2.1 ALICE 3
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Current and future of the ALICE experiment

ALICE 2 ALICE 2.1

2023 2024 2025 2026 2027 2028 2029 20 031 2032 2033 2034 2036 2037

Superconducting gicH
magnet system

Future measurements in ALIGBaehanseuDh



ALICE 2

ALICE 2

2023 2024 2025 2026 2(

A Fast Integration Trigger

A Inner Tracking System (ITS 2)
A Forward Muon Tracker

Future measurements in ALIGBaehanseuDh



ALICE (20222026)

Future measurements in ALIGBaehanseuDh

U Upgrade during Long Shutdown 2

A New Inner Tracking System (ITS 2) based on the MAPS
(CMOS Monolithic Active Pixel Sensor) technology

A Fast Interaction Trigger
A Forward Muon Tracker

U Main improvements

A Large minimurnbias data sample (MB FRb interaction
rate is now 50 kHz, 50 times larger than before)

A Improved tracking efficiency and resolution at lpyw
A Improved particle identification
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ALICE (20222026)
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U Pb-Pb data collection

A Large PHPb data collected in 2023First results shown
at conferences this year)

A PbPb data collection omgoing in 2024
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ALICE (20222026)
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ALICE (2v2220268-Physics program

U Heavyflavor production
A Thermalization of heavy quarks in the medium

Future measurements in ALIGSaehanseuDh
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ALICE (202220268-P

hysics program

U Heavyflavor production
A Thermalization of heavy quarks in the medium
V Baryonto-meson ratio for ¢ and b
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Agrees with the model calculations with coalescence and fragmentation processes

Future measurements in ALIGSaehanseuDh
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ALICE (2v2220268-Physics program

U Heavyflavor production
A Thermalization of heavy quarks in the medium

V Baryonto-meson ratio for ¢ and b
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Improved S/B ratio with the ITS2Better secondary vertex findings

Future measurements in ALIGBaehanseuDh 15



ALICE (2v2220268-Physics program

U Heavyflavor production
A Thermalization of heavy quarks in the medium

V Baryonto-meson ratio forc and b
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U Heavyflavor production
A Thermalization of heavy quarks in the medium

V Baryonto-meson ratio for ¢ and b

ALICE (2v2220268-Physics program

V Azimuthal flow anisotropy for c and b
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Future measurements in ALI@ISaehanseLLDh
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ALICE (2v2220268-Physics program

U Heavyflavor production

A Thermalization of heavy quarks in the medium

V Baryonto-meson ratio for ¢ and b

Vv

Fu

>(\|0.4:II!‘IIf‘IIIIII!}I!\'I!\'II\'III
0.35. D’ —Kn Pb-Pb, 30-50%
1.7x 10" events ]
0.3? nprompt —:
0250 « from B ]
020 e,
r © o ]
0.15F = "o B
C Doo ]
0.1¢ g -
0,05 H phiftiaggg g floocceandip
. C (I ”',,éééii;vllt
I IERRER S
O% HTJIILI J lII lJlIlJlILJIIlI
0 2 4 6 8 10 12 14 16
pT(GeV/c)

Estimated statistical uncertainties

0.5

C T T

- ALICE Preliminary .
0.4 Pb-Pb, 30-50% centrality, {5y, = 5.36 TeV
E Run 3 (20% of 2023 Pb-Pb sample) ]

0.3F « D ;
- o D ]

02:, + D; ,:
2 0 :# —8- R
0_1:_],__SL,_ %ﬁ:c Ly ]

0.0k —————————————— —
0. 1;_ Syst. from data _f

Syst. from B feed-down

V,{SP, A7| > 1.3}

_0.2: L L | 1 T
1 2 3 4567 10 20 3040
p; (GeV/c)

New preliminary results for,of D mesons

18



ALICE (2v2220268-Physics program

U Heavyflavor production

A Thermalization of heavy quarks in the medium
V Baryonto-meson ratio for ¢ and b
V Azimuthal flow anisotropy for c and b

A In-medium energy loss depending parton mass and color charge
V Nuclear modification factor for D and B mesons
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Significant suppressianAgreeing with the mode
with the charmquark transport in a
hydrodynamically expanding QGP and the char
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m
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ALICE (2v2220268-Physics program

U Heavyflavor production
A Thermalization of heavy quarks in the medium
V Baryonto-meson ratio for ¢ and b
V Azimuthal flow anisotropy for c and b

A In-medium energy loss depending parton mass and color charge

V Nuclear modification factor for D and B mesons
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Electron from bhadrons
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ALICE (2v2220268-Physics program

U Heavyflavor production
A Thermalization of heavy quarks in the medium
V Baryonto-meson ratio for ¢ and b

V Azimuthal flow anisotropy for c and b
A In-medium energy loss depending parton mass
V Nuclear modification factor for D and B mes
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ALICE (2v2220268-Physics program

U Quarkonia

A Suppression and regeneration of quarkonigrBensitive to the medium properties and
there exist various models

Future measurements in ALIGBaehanseuDh
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ALICE (2v2220268-Physics program

U Quarkonia

A Suppression and regeneration of quarkonigrBensitive to the medium properties and
there exist various models
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Future measuremen

ts in ALIGBaehanseuDh
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ALICE (2v2220268-Physics program

U Quarkonia
A Suppression and regeneration of quarkonigrBensitive to the medium properties and

there exist various models
ALICE 2
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ALICE (2v2220268-Physics program

U Lowmass dileptons

A Electromagnetic radiation provides information about the entire system evolution since th
detected particles (photon, dilepton pair) do not interact strongly with the medium

A Spontaneous chiral symmetry breaking, system temperature, sfieeevolution of the
system

Future measurements in ALIGBaehanseuDh 25



U Lowmass dileptons
A Electromagnetic radiation provides information about the entire system evolution since th

detected particles (photon, dilepton pair) do not interact strongly with the medium
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ALICE (2v2220268-Physics program

arXiv:2204.11732

Future measurements in ALIGBaehanseuDh
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ALICE (2v2220268-Physics program

U Lowmass dileptons

A Electromagnetic radiation provides information about the entire system evolution since th
detected particles (photon, dilepton pair) do not interact strongly with the medium
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Expected invariant mass spectrum

Future measurements in ALIGSaehanseuDh
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ALICE 2.1

A Inner Tracking System (ITS3)

A Forward Muon Calorimeter
(FoCal

Future measurements in ALIGBaehanseuDh
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ALICE 2Zb382033)

Cylindrical
—
Structural Shell

U Upgrade during Long Shutdown 3 (2€2@&29)

A Replacing the inner 3 layers of ITS2 with truly cylindrical layers
(ITS3)

A Forward Muon CalorimeteFoCal

U Main improvements
A Reduction of the material budget at the midrapidity
A Significantly improved tracking precision and efficiency atgew
A Improved measurements at the forward rapidity~ [3.2, 5.8]

FoCal

Future measurements in ALIGBaehanseuDh 29



ALICE 2@b362033p-Physics program

U Heavyflavor production(ITS3)

A Thermalization of heavy quarks in the medium
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for the charmonium regeneration in the QGP
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Future measurements in ALIGBaehanseuDh
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ALICE 2@b362033p-Physics program 7

U Lowmass dileptons (ITS3) TS3

A Electromagnetic radiation provides information about the entire system evolution since th
detected particles (photon, dilepton pair) do not interact strongly with the medium
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ALICE 2@b362033p-Physics program

U Lowmass dileptons (ITS3) TS3

A Electromagnetic radiation provides information about the entire system evolution since th
detected particles (photon, dilepton pair) do not interact strongly with the medium

ALICE 2§ ALICE 2.

1.5 1
= T ALICE Upgrade Simulation ]
}1 AC Pb-Pb |5, =5.5TeV, 0-10%
13F —+— L, =3nb", B=02T
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F [ Syst.err. cc +cocktail
1 .1:* — E
. 1
0.9
0.8/ = |
0.7 .
06 .
0.5- ITS2 ITS3
Expected relative uncertainty of the
extraction of the T parameter
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ALICE 2@b362033p-Physics program

U Forward Calorimeter

A Highlygranular SW electromagnetic calorimeter + metstintillator hadronic calorimeter
A Pseudorapiditynterval 3.2 <h < 5.8

A Enables to access x ~8f@egionc To study gluon saturation / shadowing

EM and DIS measurements Hadronic+UPC measurements
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. ) 5 15"
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| e o o central LHC o
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ALICE 2@b362033p-Physics program

U Forward Calorimeter

FoCal

A Gluon density in protons and lead nuclei and its nuclear modification

q Y q Y
g 4 q g
a) Compton b) annihilation c) bremsstrahlung

Feynman diagram for direct photon production

Future measurements in ALIGSaehanseuDh

d) fragmentation
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ALICE 2@b362033p-Physics program

FoCal

U Forward Calorimeter
A Gluon density in protons and lead nuclei and its nuclear modification

ALICE 2.1

0.2 T T T T T T T T T T
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Theory predictions for gluon x distributions probed with direct photon and D meson

Future measurements in ALIGSaehanseuDh



ALICE 2@b362033p-Physics program

U Forward Calorimeter

A Gluon density in protons and lead nuclei and its nuclear modification

A Physical origin of shadowing (saturation) effects
ALICE 2.1
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= B FoCal simulation h
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ExpectedR,p,distribution for inclusive direct photon
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Future measurements in ALIGBaehanseuDh

36



ALICE 2@b362033p-Physics program

U Forward Calorimeter

A Gluon density in protons and lead nuclei and its nuclear modification
A Physical origin of shadowing (saturation) effects
A Jet quenching at forward rapidity Saturation effects at small x

Future measurements in ALIGSaehanseuDh

n I — T
2 L ALICE simulation, pp Vs =14 TeV |
oilE FoCal upgrade |
0. A + mean jets, anti-kr, R =0.6, 4.0 < Mt < 49 |
® median AE = (Edel - Epan)'lEpan 1
L m mean from Gaussian fit

-0.2— —

. * .
-0.3 —
c. .4+ oy oy by by I
500 1000 1500 2000 2500 3000

Epon (GEV)

Jet energy scale for R = 0.6 jets in pp collisions
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ALICE 2¢b362033p-Physics program >

Focal] % -

U Forward Calorimeter
A Gluon density in protons and lead nuclei and its nuclear modification
A Physical origin of shadowing (saturation) effects
A Jet quenching at forward rapidity Saturation effects at small x
A Longrange flowlike correlations in in pp and-Bb
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ALICE 2@b362033p-Physics program

U Forward Calorimeter

A Gluon density in protons and lead nuclei and its nuclear modification
A Physical origin of shadowing (saturation) effects
A Jet quenching at forward rapidity Saturation effects at small x

A Longrange flowlike correlations in in and-Bb
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ALICE simulation, pp 15 = 14 TeV (L, = 100pb ')

;| #, (isolated cluster) = 10-15 GeV/c | P (isolated cluster) = 10-15 GeVic
107 (reconstructed =°) - 1-2 GeV/e %) = 2-4 GeVic
P
: f ------- fitreconstructed o
B ol | o pseudoda
£ 10 oo K
=3 o 3’ ©
3 35<n, <52 # %,
° custor %‘g
2 [ Eumn20ev =
T 107 L : A . L L
xw p, (isolated cluster) = 15-25 GeV/c p, (isolated cluster) = 15-25 GeV/c
o 107", (reconsiuctod ) = 1-2 GoV [, (recorstructed ) = 2-4 GeVic
s
- &
& o
., % ﬁ’ %b" a” Cl
1025 0 e 3 i %
+ 096 e
<P D o
70 MeV/c* < m, (iso cluster) < 180 MoVic®  ldbninanna s %)
, S, <2GeV, 07 <08 Raosl
107 , E

0 2 4 0 2 4

Awnsolalrd-c\uﬂen rec-a® (de

Isolated clustetpg correlation in pp
collisions at thecoCalange

Future measurements in ALIGSaehanseuDh



ALICE 3

2036 2037

Superconducting gicH
magnet system

A ALICE 3

Muon
absorber

Muon
chambers
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ALICE (2036)

Superconducting pc}
magnet system

Muon
absorber

Muon
chambers

Future measurements in ALIGBaehanseuDh

U Upgrade during Long Shutdown 4

A Compact alkilicon tracker with highesolution
vertex detector

A Particle identification detectors

U Main improvements
A Improved pointing resolution / tracking
A Particle identification over large acceptance
A Fast reaout and online processing
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ALICE (2036)

Superconducting
magnet system

Muon
chambers

2 Physics motivation and goals

21

22

23
24
25
2.6
2.7
2.8
29

2.10

2.11

Heavy quark propagation and hadronisation
2.1.1 Beauty hadron production and flow
2.1.2 Azimuthal decorrelation and energy balance measurements . . . . . . .
2.1.3 QGP hadronisation and multi-charm hadrons
Boundstates . . . . . . . . ..
2.2.1 Quarkonium states
2.2.2 Exotic hadrons
Electromagnetic radiation . . . . . . . . . . ... . ...
Chiral symmetry restoration
Electrical conductivity
Fluctuations of conserved charges
Collective effects in small collision systems
Characterization of high-multiplicity pp events
Ultra-softphotons . . . . . . . . .. .. . . . ..
29.1 Low’s theorem and the infrared limit of gauge theories
2.9.2 Experimental situation and proposed measurements . . . . . . . . ...
Hadronic physics
2.10.1 Study of the strong interaction between heavy flavour hadrons
2.10.2 Search for exotic anti-, hyper- and super-nuclei
2.10.3 Study of b-quark decays into >He

2.10.4 Photoproduction of vector mesons
2.10.5 Photoproduction of dijets and open heavy flavour pairs
BSMstudies . . . . . . . . .. e
2.11.1 Light-by-light scattering measurements
2.11.2 Axion-like particle searches

[N I ]
~ W

Future measurements in ALIGBaehanseuDh

ALICE 3 Letter of Intent, arXiv:2211.02491
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ALICE (33e)3-Physics program

U Lowmass dileptons
A Temperature of the medium before hadronization extractable from the dilepton mass

distribution
V Photons and dileptons do not suffer from strong fhséhte interactions

V Temperature extraction with photog Blue shift (rapid bulk expansion changes the
energy spectrum of the photon)

V Dilepton masg a frame independent variable

Future measurements in ALIGBaehanseuDh
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ALICE (33e)3-Physics program

U Lowmass dileptons
A Temperature of the medium before hadronization extractable from the dilepton mass

distribution
ALICE 3
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ALICE (33e)3-Physics program

U Lowmass dileptons

A Temperature of the medium before hadronization extractable from the dilepton mass

dis
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ALICE (33e)3-Physics program

U Heavyflavor production
A Thermalization of heavy quarks in the medium
V 00 azimuthal correlationg Angular decorrelation directly probes the QGP

scattering
ALICE 2 + ALICE 2.1 ALICE 3
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ALICE (33e)3-Physics program

U Heavyflavor production
A Multi-charm baryorg Unique probe ALICE 3

hadron formation
. . . T T I EEEE LR L SHM (Andronic et al, JHEP 2021, 35)
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Summary
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Summary

U New results from ALICE are on the way for the
next a few decades

A Increased statistics, enhanced precision at fBw
sectors, improved pointing resolution

A Heavyflavor and dilepton measurements are the
driving motivations for the upgrade

A Ongoing journey to understand the Quark Gluon
Plasma
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Jetmeausrements

U Recent proposals from theory

A A flowing QGP requires that jet quenching calculations go beyond static bricksetops
Talks from D. Pablos, J. Silva, X. Maygahder T. Luo, R. Fries)

5

y@s@@
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Jetmeausrements

U Recent proposals from theory

A A flowing QGP requires that jet quenching calculations go beyond static bricksetops
Talks from D. Pablos, J. Silva, X. Maygahder T. Luo, R. Fries)

A Local medium flow and gradient effeatdRadiation, broadening, wake evolution

T =12fm/c e (GeV/fm®)
15
10

-15-10-56 0 5 1015
z (fm)
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Jetmeausrements

U Recent proposals from theory

A A flowing QGP requires that jet quenching calculations go beyond static bricksetops
Talks from D. Pablos, J. Silva, X. Maygahder T. Luo, R. Fries)

A Local medium flow and gradient effeatdRadiation, broadening, wake evolution
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