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Exploration of the QCD phase diagram

RLXCE

Ann. Rev. Nucl. Part. Sci. 71 (2021) 403
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2 Explore and characterize phase diagram of QCD matter
QGP
 quarks and gluons are deconfined
e | et R * hot and dense thermalized medium
\«_.fzgzé;‘d Wl M * strongly interacting

Baryon density n/ng °

S iiin existed few ps after the Big Bang
* predicted by lattice QCD above a critical energy density

Chiral EFT ety
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https://inspirehep.net/literature/1839439

Time evolution of heavy-ion collisions

Courtesy C. Shen

RLXCE

Nuclear matter in extreme conditionS . derected Study different probes

particle

Kinetic
freeze-out
Hadronization .

Initial energy ‘ D Collect information at each stage

density l

Characterize the QGP and hadron gas phase

AA collisions
PA and pp : control and reference systems

_free streaming

collision evolution
t~0fm/c Tt~1fm/c T ~ 10 fm/c € ~ 1015 fm/c
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The ALICE Collaboration @

ALICE
40 countries,
172 institutes, |
2033 members  _-—
Run 1l Run 2
Vsyn (TeV)  Lint
: 2.76 75 ub?
2015,2018 5.02 -1
405 papers ’ 800 pb
submitted
¢ Xe-Xe 2017 5.44 0.3 ub?
p-Pb 2013 5.02 15 nb!
2016 5.02, 8.16 3 nb1, 25 nbl
pp 2009-2013 0.9,2.76, 200 ubt,
7,8 100 mb1
2015,2017 5.02 1.5 pb1,2.5 pb1?
s g s ' 2015-2018 13 1.3 pb1
$ § § $ § 36 pb—l
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The ALICE detector (version 1: Run 1 + Run 2)

Central barrel | n | <0.9 RALICE
Tracking

PID
Calorimeters

//M/ a
Qi |,

ACORDE (cosmics)

Forwards detectors:

e AD (diffraction selection)
* VO (trigger, centrality)

* TO (timing, luminosity)

e ZDC (centrality, ev. sel.)

* FMD (Ncp)

« PMD (N,, Ney)

Muon spectrometer
-4 <n<-2.5

Size: 16 x 26 meters

Weight: 10,000 tons
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ALICE

: dN_./dn = 2035 +52

0-2.5%

Run: 244918
Time: 2015

2510:36:18

11-

Colliding system: Pb-Pb

Collision energy: 5.02 TeV

ALICE
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Introducing some observables
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ALICE centrallty determmatlon %
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VOM amplitude (arb. units)

Centrality | (Npart) Rﬂs (sys.)  (Neon) RI!IS (sys.)  (Tpppp) (I/mbarn) RMS (I/mbarn) (sys.) (l/ﬂlbam)
0-1% 4019 7.55 0.46 1949 87 21.1 28.83 1.29 0.177
1-2% 393.9 102 0.496 1844 81.3 20.1 27.28 1.2 0.171
2-3% 384.4 11.7 0.752 1755 80.8 203 25.96 1.19 0.2
3-4% 373.9 125 0762 1673 799 18.8 24.75 1.18 0.18
4-5% 362.9 13 0.738 1593 77.6 17.8 23.57 1.15 0.178
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https://cds.cern.ch/record/2636623/files/centrality%20determination%20note.pdf

Anisotropic flow
ALXCE
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s
Initial Strong Anisotropy
spatial pressure of produced
anisotropy gradients particles

Fourier analysis of particle distribution:

vy : directed flow

v, : elliptic flow Sensitivity to early expansion
vz : triangular flow ...

x142 i Uy, [cos(n(p — ¥,,)]

n=1
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Meas

Medium modifications: R,,

: R=1

: "hard"

Bl R<1

: "soft"

0 1 2 3 4 5 6
Tranverse Momentum (GeV/c)

urement in pp collisions

is essential/mandatory.

Meas

urement in p-Pb collisions as

control experiment
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No “Effect”:

leading particle

J\e}

R < 1 at small momenta
R =1 at higher momenta where
hard processes dominate

Suppression:
R<1

AE(&y6psCrom, L)
AEg > AEczq > AE,

Goal: Use in-medium energy loss
to measure medium properties

11
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Global properties
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Charged-particle production

(dN_/dn)

(N
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PRL 116 (2016) 222302
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Increase of charged-particle production in nuclear

collisions much faster with Vs than in pp

|

More of the available energy used for

particle production in heavy-ion collisions
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Particle production in Pb-Pb
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.101.044907
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* Continuous evolution of strangeness
production between different collision

systems and energies

* Hadron chemistry driven by multiplicity

* Magnitude of strangeness enhancement
grows with strange quark content:

T T T T T T T
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https://www.nature.com/articles/nphys4111

Elliptic flow in Pb-Pb, and in pp, p-Pb

arXiv: 2206.04587
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https://inspirehep.net/literature/2093750

Constraining initial condition and QGP medium properties

Nature 15(2019)1113
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« near T, shear viscosity/entropy density close to AdS/CFT lower bound 1/4x rising with temperature in QGP
* bulk viscosity/entropy density peaks near T,
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Initial-state correlations
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Accessing initial conditions: v, - [p;] correlations &
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50 60
Centrality (%)

RLXCE

Cov(vg, [pT])

vVar(v3) ﬁ’

p(v3,[p1]) =

e positive correlation observed
* almost no centrality dependence

Initial conditions:
Trento <> IP - Glasma

IP-Glasma closer to data than Trento

including these data in the Bayesian global fitting
- better constraint on the initial state in nuclear collisions
(Prerequisite for study of QGP transport properties)
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https://inspirehep.net/literature/1966120

Two-particle transverse momentum correlator G,

PLB 804 (2020) 135375

ALICE Pb-Pb s, = 2.76 TeV

ALICE Pb-Pb |5,y = 2.76 TeV
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Extraction of QGP transport characteristics

. -<n21; nZ: PT.i PT)
G2 (AU, A@) — <pT>2 <7l1,1><72,1,2> - <pT,1><pT,2>

Sensitive to momentum currents transfer

* The longitudinal dimension provides
fingerprints of this transfer

 The reach of the transfer = proxy for the

shear viscosity n/s

Longitudinal width evolution with collision
centrality = n/s

Gavin, Abdel-Aziz, PRL 97 162302 (2006)
Sharma, Pruneau, PRC 79 024905 (2009)

STAR, PLB 704, 467-473 (2011)
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https://inspirehep.net/literature/1762340

G, widths evolution: Pb-Pb, p-Pb and pp %

ﬁ ALICE
PLB 804 (2020) 135375 arXiv: 2211,08979
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Data seem to favour small /s values
V. Gonzalez et al No evidence for shear viscous effects in pp & p—Pb based on G2 Can
EPJC 81 (2021) 5, 465 e System lifetime too short for viscous forces to play a significant role?
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https://link.springer.com/content/pdf/10.1140/epjc/s10052-021-09260-z.pdf
https://inspirehep.net/literature/1762340
https://inspirehep.net/literature/2182733

Antideuteron number fluctuations, pg4
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Simple coalescence models are discarded. Data favor SHM
Correlation antiprotons-antideuterons constrains the correlation volume for baryon number conservation
< - Different from net-proton fluctuation results
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https://inspirehep.net/literature/2070391
https://inspirehep.net/literature/2071678

RLXCE

Electromagnetic radiation

a.marin@gsi.de, MWPF2022, Puebla (Mexico) 23



Dielectron production in central Pb—Pb at /sy, = 5.02 TeV %
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—— cocktall + QGP + In-medium p (R.Rapp, Adv. HEP. 2013 (2013) 148253
—— cocktall + QGP + in-medium p (PHSD, PRC 97 (2018) 064907)
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Comparison to hadronic cocktail, including:

N, -scaled HF measured in pp at v/s=5.02 TeV
Phys. Rev. C 102 (2020) 055204
— Vacuum baseline

* Include measured Rap of ¢/b — et
Phys. Lett. B 804 (2020) 135377
— Modified-HF cocktail

Intermediate-mass region (IMR) from 1.1 < m < 2.7 GeV/c?
— Consistent with HF suppression & therm. radiation from QGP

Indication for an excess at lower mass
— Compatible with thermal radiation from HG

24



QGP thermal emission @

S S ALICE

E] 0-20% Pb-Pb \s,, = 5. 02 TeV ALICE Preliminary
R, =N.

~ N'y,inc N’y,dec
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+ [T - """ =======

Ydecay
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At low pr:

* thermal radiation should dominate

* R,isclose to 1 = small thermal and pre-equilibrium photon
contribution

* Models with thermal and pre-equilibrium photons, can describe the

- [+ |20-40% Pb-Pb \5,, = 5.02 TeV

— |
. — 4 M=
+__‘ \ - w""ﬁ,é *

..................................

[+ | 40-60% Pb-Pb (5 = 5.02 TeV data better than the calculation including only prompt photons

— y"‘”‘V from C. Gale et al. Phys. Rev. C 105 (2022) 014909

Stheory theory . ALICE) / ALICE
R = (Yd|r Y:ecay )/Ydecay 4' e
+ o~
; =1 + T
—
’ T P SN + L .

B e e T T

IIIIIIIIIIIIIIIIIIIIII

For pr > 3 GeV/c:

* can be attributed to prompt (hard scattering) photons
e data is consistent with NLO pQCD calculation of prompt photons in pp

Illllllllll\llllllll

\

pQCD x T,s PDF: CT14, FF: GRV

IZ] 60-80% Pb-Pb ys,, = 5.02 TeV ¢

E W Vngelc.ang etal..l. Phys. G 23 A1 j .. .
— > = collisions, scaled with Ty
S %4 =L RIS —/_ Calculation by W. Vogelsang, using PDF: CT14, FF: GRV
:l 1 1 Ll 1 l 1 1 1 | 1 Ll 1l l :
1 10
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QGP thermal emission @
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ALICE
N’Y,dir = N’}’,inc - Nw,dec = (1 - R%r) ‘N%inc
Ydir
Vdir = « ’ (7incl)real
incl

New measurement of direct y in Pb-Pb at 5.02 TeV
* Virtual y method, 0-10% centrality
* Real v (conversion method), other centralities

Low pr (pr < 3 GeV/c) — “thermal” photons
- consistent with model with pre-equilibrium and thermal photons

High pr (pr = 3 GeV/c) — prompt photons
- consistent with pQCD expectations

26



RLXCE

Quarkonia
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Charmonium dissociation and regeneration &)

RLXCE
1 dN/dpylpupy

J/Y suppression due to color screening in the QGP Rap =
; cenine In | (Neow) dN/dpy|
reduced at low prand central rapidity by cc regeneration

~ 100 cc pairs per central Pb-Pb PLB 805 (2020) 135434

< I 1 I I I | I I I I I I I
< T -
P. Braun-Munzinger & J. Stachel, AN ALICE Preliminary _
Nature 448 (2007) 302 > | Pb-Pb |5, = 5.02 TeV _
Develo of a :
: Start of collsion qmrk-glrén:;ﬁhsrna Hadronization i /'/ v Inclusive J/iy vyl < 0.9 25< yvy<4
ﬁf}_{’”\ r ® Data 0-10% *® Data 0-20%
Low $uﬂ$:°°:;é’%°ei: oy e  TAMU TAMU i
o ()~ (5
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-:. T O . =l 1 N AR E——
/,: & - more screening/ -
FEAN TN o000 ) regeneration energy loss .
Hizh ¢ ¢n¢ o - o @ .. :
{LEIC) ﬁufq_.;z D:o<>°§<>.-!'_* -‘}Dnnnf‘;"'-l .l{r ° 5 @ * 3
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Reduced at low prand central rapidity by cc regeneration

Charmonium dissociation and regeneration &)

J/Y suppression due to color screening in the QGP

~ 100 cc pairs per central Pb-Pb

New result: measured 1(2S) ~ x 10 lower binding energy !

To pin down the role of these two mechanisms

Counts per 25 MeV/¢?

6L ALICE Preliminary §

10°c « Pb-Pbdata

10 -~ - background §

_Illll]IIIIIIIIIIIIllllllllll]wll_

Pb-Pb, \'s, = 5.02 TeV |
25<y <4 .

cms

% p, <12GeVic, 0-90%

- ----pp data, R,, scaled

- total fit

1lllll lllllllllllllklllllllll‘ll

26 28 3 32 34 36 38 4 42

| m,., (GeV/c?)
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arXiv: 2210.08893

é [ T T T I T T T I T T T I T T T T l T T T I T T T ]
@ 44 POPOIs=502TeV CMS, ly__| <1.6, 0-100%]
- AL|CE, 25« ycm < 4, 0-90% (EPJC78(2018)509) ]
12F ® Jiw (JHEP 2002 (2020) 041) o Jjy -
® y(25) » y(2S) ]
1 e e e e e e ———— = o = o o o o o ‘.
" TAMU ]
08F Oy
EE}E Clw(@s) ]
06k _
= @ -
S N . :
>2r ﬂ'—m‘*‘—m— — o
O i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 1 7

0 5 10 15 20 25 30
p, (GeV/c)

1(2S) x2 more suppressed than J/y
Hint of regeneration at low py
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Polarlzatlon of J/Y in Pb-Pb collisions

Weo) (1 + Agcos26) Polar angular distribution ALICE
OC <+ COS
3+ )‘9 of dilepton decay arXiv: 2204.10171
< 0.5 prrrrrrre LI I IR LA I L LM IS < 0-6:' LN B L B B AL B R AL B ]
: ALICE Po-Pb ﬁ 5.02 TeV : 0.5F ALICE, Pb-Pb \s, =5.02 TeV 3
0-4F Inclusive Jiy — - ; o4k Inclusive iy > Wi, 25 <y <4 :
03F 2<p,<6GeVic,25<y<4 3 0'35
. ; ==
0.4f t ; 0.4f ¢
: : of ]
) + o I —— :
_0_1'_ 4 Stat. uncert. 1 02_ 4 0-20%
|:]Syst uncert Event plane Ul @ 30-50% Event plane
s 1> )| S T B B I I S P I _ ST R B S S S
0‘20 10720 30 40 50 60 70 80 60 100 035 2 4 6 8 10 12
Centrality (%) P, (GeV/c)

e Clear signal observed by ALICE
* Increase towards lower pr (reaching 3.9 o) disfavours effects due to early B

e Link to QGP vorticity and spin-orbit coupling?

- Interpretation needs further theory studies
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Partonic interactions in matter:
heavy quarks, jets
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Open heavy-flavor productlon DO, D+ D*+

JHEP 01 (2022) 174

S [ o ! ‘ ]
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T T TTT I T T T T T TTT I T T T T I T T T UL T ]
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Precise R,, and elliptic flow (v,, v3) non-strange D mesons
—> constraints on to charm quark energy loss models

* Intermediate and high pr:

Radiative energy loss important

* Low/intermediate py:

Charm-quark hadronisation via recombination essential

Spatial diffusion coefficients:
1.5<2 7w D, T.<4.5 - relaxation time of Teharm ~ 3-8 fm/c


https://link.springer.com/article/10.1007/JHEP01(2022)174

Quark-mass dependence of energy loss

Prompt D9: ¢—> DO
Non prompt D0 b—=> ¢ 9 D0

é ' o

ALICE Pb Pb V_ 5.02 TeV

0-10%, ly| < 0.5
e non-prompt D°

441 « promptD° i

1.5

T T 1 T T I T 1 1 1

1.0

T

1 I T T
p—

0.5

- open markelrs: P, extrapolated pp reference l

1 10 p.(GeV/c)

Energy loss predicted to depend on QGP density,
but also on quark mass AE, > AE,

Less suppression for (non-prompt) D mesons
from B decays than prompt D mesons

a.marin@gsi.de, MWPF2022, Puebla (Mexico)

non-prornpt/Hpron'pt
AA

R

non-prompt rompt
Ry /R

arXiv: 2202.00815

A - ALICE LGR

- Pb-Pb, {5, =5.02 TeV TAMU IMC@sHQ+EPOS2]
[ 0-10%, [yI <05

'-'&até"""

i —— GRcentralvaite
4 mmmmam i) m. set to m, (E-l0SS) wuuunn i) m_set to m, (coalescence)
C m) w/o shadowing — V) wlo coalescence

5 0 5 20

Data described by models that include collisional
and radiative energy loss, and recombination
Valley structure at low pr mainly due to formation

of D via quark coalescence
33
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https://inspirehep.net/literature/2025044

Jet quenching: extended reach in p; and R

2
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* Large reduction (factor 3-4) of jet yields, down to pr=20 GeV/c
e Lost energy not recovered within the jet “cone”
e Suppression may be even larger for large-cone (R=0.6) low-p+ jets

a.marin@gsi.de, MWPF2022, Puebla (Mexico)
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New ML method to subtract
underlying Pb-Pb event
fluctuations from jet energy:
2x better energy resolution
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Microscopic structure of the QGP: acoplanarity

d>N.

jet

@

RLXCE
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Exploring angular dependence: groomed jet radius %

ALXCE
PRL 128 (2022) 102001
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First experimental evidence for modification of angular scale of groomed jets in HIC
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Nuclear physics at the LHC
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d/p and 3He/p vs multiplicity %

RLICE
<10 JHEP 01 (2022) 106
Q_ 6_ T T Illllll T T lllllll T T IIIIIII T T lllll_ Q [ T T Illlll T T Illllll T T T Illlll T i
- F Thermal-FIST CSM, T, = 155 MeV 3 P i
5 :_ ----- Vc=3dV/dy ch ALlCE _: ‘nf 10_5 ;'-— ALICE B __.---“"_'_-:._.:i;-—i:::——-;f g ;
L — V. =dVidy . - " :
4 |- — Coalescence — - [@]Pb-Pb, |s,, = 2.76 TeV-
. B 10°E [®@]p-Pb,|s, =5TeV =
3 e = - _ .
: |1|Pb—Pb VS =276 TeV - - '@ |pp. {s=13TeV :
oF [®]p-Pb, (5, =5TeV ] L [®]pp.is=13TeV,HM 1
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(a) (Anti)deuterons. (b) (Anti)helions.
Ratios:

* increase with multiplicity and saturation at high multiplicities
* interplay between the evolution of the yields and of the system size with multiplicity

Coalescence model provides a better description of the data
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https://link.springer.com/article/10.1007/JHEP01(2022)106

LHC,... also (anti)nuclei factory

RLXCE

* Accessible in Run 2 : d, t, \°H, *He, *He Strong impact on dark matter searches in Space,

* Production not yet fully understood: e.g. YoXo -> d, 3He +X (AMS-02, GAPS, BESS)

nucleon coalescence vs statistical hadronization _ _ _ , o
* Ordinary antinuclei hadroproduction by cosmics is

major background
e Antinuclei absorption in space poorly constrained

Dlstance to the Galactic Centre (kpc)
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3He absorption in ALICE and in the Galaxy

3
b.E
Novel technique to use detector material %
as d and 3He absorber: measure G| LIV_
bE
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Experiment-driven estimate of absorption
probability of antinuclei and DM searches
and from cosmic-ray background in the
Galaxy
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https://inspirehep.net/literature/2026264

Antimatter-matter imbalance at the LHC
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Direct cancellation of correlated uncertainties
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- Uncertainties reduced wrt thermal model fit by a factor ~6
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2H lifetime and B,

arXiv: 2209.07360 "%, ALICE

"deuteron” core

Theoretical predictions
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Hypertriton lifetime and A binding energy measured with high precision
Weakly bound state
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Run 3 and Run 4
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ALICE 2 Upgrade

Improve tracking
resolution at low p;

x50 statistics increase
for most observables

Run 3+4: 13 nb! Pb-Pb

50 kHz (Pb-Pb) ~ 1 MHz (pp)
Online reconstruction

all events to storage!

New Inner Tracking System (115)
- 7 barrels, 10 m2 silicon tracker
based on MAPS (12.5 G pixels’
New GEM-based TPC
with continuous readout

New Muon Forward
Tracker (MFT) - 5 disks

based on MAPS

New Trigger and Readout
Upgrade of readout
electronics of all detector,
new Central Trigger
Processor

New Beampipe
smaller diameter (36.4 mm), first
detection layer at 20 mm

New Fast Interaction Trigger (FIT)
- 3 detector technologies:
interaction trigger, online
luminometer, forward multiplicity

a.marin@gsi.de, MWPF2022, Puebla (Mexico)
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Commissioning with pilot beam and start of Run 3

TPC dE/dx (arb. units)

1000

900

800

700

600

500

400

300

200

100

||H||||||\H|||||!‘H|||!H\‘\III‘HH‘III\‘\HI

Lo

T FTTT] T T T T TTTT]

ALICE Performance
pp Vs = 0.9 TeV, pilot beam 2021

107"

PID capabilities fully ava
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,;AL]CE Performance
p {s=0.9 TeV, pilot beam 2021
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T ToTT

Sth July — pp +/s = 13.6 TeV

1 time frame ~100 collisions

ALICE

Lo b bov i e b by i Iy

2 25

u_||||||I\|||||\|III|II_

T L | L T |
pp VYs =0.9 TeV, INEL>0, pilot beam 2021

‘ ALICE
Pilot beam Performance
—e— Pythia 8.304
[* ] Eur.Phys.J.C 77 (2017) 33
-
e
-+, h‘.}‘ v e el
—— ——
=
g
—¢—:§: * e

projected systematic uncertainty

itable

s.|||\|||\|\||||H|||II|III|\II|II\|III|II

3

3.5

4 45
p (GeV/c

~ »

Run number: 520145

First TF orbit: 676363

Date: Tue Jul 5 17:47:55 2022

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

Measured dN,/dn compatible with previous results
a.marin@gsi.de, MWPF2022, Puebla (Mexico)
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Pb-Pb collisions at the LHC at record energy: 5.36 TeV %

RLXCE

Friday November 18, 5 PM
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ALICE 2.1:

CERN-LHCC-2019-018

Upgrades in LS3

ITS3

Cylindrical
Structural Shell

N
-
‘-

RLXCE

CERN-LHCC-2020-009

FoCal

Fo
\\

Cal-H
/ — FoCal-E

Half Barrels

/N

34<n<al

(baseline design @ 7m)

28pp reweighting
— nNNPDF 1.0

B EICit
— FOCAL fit

Q=10 GeV?
90% CL

Study saturation/shadowing at
low-x with direct photons in pp
and p-Pb

~ 6x less material budget

2x tracking precision and efficiency at low pry Significant constraints to gluon

nPDF at 10°< x< 102

I L1
10 10° 10 107 1072 107" 1

x 47
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https://cds.cern.ch/record/2703140
https://cds.cern.ch/record/2719928
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Run 5 and Run 6
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ALICE beyond Run 4

2010-2013 2015-2018 2022-2025

@

RLXCE

2029-2032 2035-2038

ALICE 1 ALICE 2 ALICE 2.1 ALICE 3

Superconducting TOF

Tracker
magnet system RICH

Absorber

Muon
Vertex Chambers

Fcr ¢ Detector
ECal

a.marin@gsi.de, MWPF2022, Puebla (Mexico)

* Heavy-ion Town meeting 2018:
“Next-generation heavy-ion experiment”
D. Adamova et al. ArXiv: 1902.01211

e Letter of Intent for ALICE 3:
CERN-LHCC-2022-009, arXiv: 2211.02491

Recommendation to proceed with R&D

49


https://doi.org/10.48550/arXiv.1902.01211
https://cds.cern.ch/record/2803563

ALICE 3 detector CERN-LHCC-2022-009 %‘3

arXiv 2211.02491
Compact, ultra-lightweight all-silicon tracker = c,1/pr ~1-2%.

Vertex detector with unprecedent pointing resolution Gpca ™ 10 um
(pr = 0.2 GeV/c)

Large acceptance |n| <4, pr>0.02GeV/c

. TOF
Superconducting . Tacker
magnet system

Particle identification =
+

+ + +
v,e,u ,K7,m

Fast readout and online processing

— 100
g AIéCE 1
; L 144
(]
3 \ ALICE 2
S S Run 3
T S ALICE 2
E 10 @ Run 4
©
=
2 Absorb
=z sorber
z ®
o ALICE 3 Muon
£ Vertex Chambers
'g 1 FCT Detector
e ECal
1 10 100 1000
Acceptance (An)X Pb-Pb interaction rate (kHz)

Physics reach improves dramatically!
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https://cds.cern.ch/record/2803563

ALICE 3 : Physics topics

e e+t
* Precision differential measurements of dileptons ' \/
* Evolution of the quark-gluon plasma |

* Mechanisms of chiral symmetry restoration in the QGP

 Systematic measurements of (multi-) heavy-flavoured hadrons down to low p;
* Transport properties in the QGP down to thermal scale
* Mechanisms of hadronization from the QGP

* Hadron interaction and fluctuation measurements
 Existence and nature of heavy-quark exotic bound states and interaction potential s g

* Search for super-nuclei (light nuclei with c) g
e Search for critical behaviour in event-by-event fluctuations of conserved charges

as large as 5 fm
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Electromagnetic radiation

Thermal dielectron m,, spectrum
ALICE 3 projection, one month Pb—Pb

10 lllllll][llllllllllllllllllllllllllllllll
ALICE 3 Study

0-10% Pb-Pb, s, = 5.02 TeV
TOF+RICH (40 rej), B=05T Syst. Uncertainties:
0.2<p, <4GeVic,n| <08 sig. ( 5%) + bkg. (0.02%)
No bremsstrahlung included

DCA,. <120

ee —

IR

$ L, =56nb"'measured

—

P

—
<

[ ]z (15%) + LF (10%)

Illllll

— Fit of the spectrum

dN
o XD
dm,.

I
|

1/N,, dN %dm..dy (GeV/c 2"

—
<
r
0
0
U

| lllllll

* Average T of the QGP with e*e using thermal dielectron
m.. spectrum for m_.> 1.1 GeV/c? (QGP radiation dominated)

[N

102

[ lllllll

Illlllll |l lllllIII

* Requirements:
* Good e PID down to low p;
* Small detector material budget (y background)
e Excellent pointing resolution
(heavy-flavour decay electrons)

dominated by
lllijlperldiLaFiPpllllllllllll

lllllllll

H

'data’/cocktail

. . . 27704 06 08 1 12 14 76 18 2 22
Possible with ALICE 3 due to excellent pointing we B RE R R RS R o (G
ce
resolution and small material budget ALI-SIMUL-499194
g R. Rapp, Adv. High Energy Phys. 2013 (2013) 148253
P.M Hohler and R. Rapp, Phys. Lett. B 731 (2014) 103
a.marin@gsi.de, MWPF2022, Puebla (Mexico) ALICE CERN-LHCC-2022-009



pv,al8)/ms

pv.als)ms

LA

Chiral symmetry restoration

Study chiral symmetry restoration (CSR) mechanisms using

. ‘,_/\ 10 — T T T | T T T | T T T | T T T | T T T | T T T T —]

thermal dielectron spectrum meg. < 1.2 GeV & EALIGE 3 Study -

§ - ===+ vacuum p SF ]

g [ O10%PbPb sy =502TeV i ed SFw/ y-mixing

g . TOF+RICH (46, rej), B=05T in med. SF w/o y-mixing —

ALICE 3 access to CSR mechanisms like p-a; mixing S F 02<p <4GeVie <08 4 _56nb" measured

Sy - No bremsstrahlung included Syst. Uncertainties: .

3 gl (e =120 [ sig. ( 5%) + bkg. (0.02%)_|

= E []ct (15%) + LF (10%) 3

oos [ Vacuum . T=100 MeV i T=140 MeV - e .o “oe i

006 | — Vector L — Vector 1 — Vector 10_2 _'_' _________________________ |

— Axial—vector — Axial—-vector — Axial—vector = 3

oosf ; :T=15(=) MeV= RN S =T=l6(=) MeV= AR T=170 MeV 107 = =

0.06 | — Vector r — Vector T — Vector — .

— Axial—vector — Axial—vector — Axial—vector B Ly L L Ly L L | n

0.04 | r T - T T L T T T —]

T 4 i E

e ——— ;A ] '&/——_——— % 1 .2 :_ "" “‘ _:

0.00 5 , . " , . : A , , , , , Lt , , , , , , , o - ; v =
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N
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o
w

estimated v,
o
]
[¢]]

Heavy flavour transport

A v2 performance

Extension to beauty

ALICE 3 Study L ~a5nb"

PbPb |5, =5.5 TeV 30-50%
A, — pKr, |y]<1.44

0.2 m ALICE 3 =
- e ITS3,L,=10nb" 7

-1
0.15:_ e [TS2, le- 10 nb” _:
0.1 T -
C i ]
0.05(= +—= ' 1
C I 1 I 1 l 1 1 I 1 11 I 1 11 1 I 1 1 1 1 I:
% 5 0 15 20 25 30 35

dé

Interactions with the plasma
generate azimuthal anisotropy ve:

a.marin@gsi.de, MWPF2022, Puebla (Mexico)

P, (A,) (GeV/c)

dN
— o 1+ 2v,c082(p — @)

estimated v,

T T
ALlCE 3 Study L,=35 nb
PbPb |5, =55 TeV 30-50%
A) = A (AL - pKn), ly|<1.44
0.2 s ALICE 3 ]
o ITS3,L,=10 nb”
ITS2, L =10 nb
0.1 ~+~ ﬁ -
0 1 1 ! ! I
5 10 15 20 25

n (ANY(GeV/e)

Understanding of transport properties of the QGP requires heavy-flavor probes

estimated v,

0.3

Extension to multi-charm
— Ab V2 performance — “CC V2 performance

ALICE 3 Study L,, =35 nb”

Pb-Pb VSNN =5.5 TeV 30-50%
Ex = Er* - Er'n'n, y]<1.44

0.2
.
0.1 ]
0 | | | | | | |
0 2 4 6 8 10 12 14

P, (=) (GeV/e)

Relaxation time
Tg = (mg /T) Dy

Expect beauty thermalization slower than cham—> smaller v,

Need ALICE 3 performance (pointing resolution , acceptance) for precision

measurement of e.g. A, A,, and multi-charm v,
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Mechanisms of hadron formation

Multi-charm baryons: test how independently produced quarks form hadrons B S

e Contribution from single parton scattering is very small = 10°f ]
, . o 10 dha ™\ Pb-Pb |/5;=5.02 TeV 0-10%
* Very large enhancement predicted by Statistical hadronization é 3 [ e et jﬁ
model in Pb-Pb collisions ;‘10-1 F i 1?
. . . -2
* Progress relies on the reconstruction of complex decay chains o 18—3 ; A6 : g
------------ SHM (Andronic et al, JHEP 2021, 35) © 10:; r Qcce 1 E
------- pQCD SPS (Chen et al, JHEP 2011, 144) 10_‘5 r Run3&4 Sx charm 4 =
=wwmrmen= PQCD SPS (Phys. Rev. D 57, 4385) 13 2 2x charm 1=
— TTTT T T TTTTT T T TTTTT T T TTTTT 10° r — u,d.s only particles '1—
| | | |
< 10 26 E 4= 1078 — e=1parices T 1 -
| > - B '? ol g_écc . 10_9 f— c=2pankles %3 1 2
U\|U10'3E‘ R S o 107"9F  — c=3partiios & 15
— : & ; 107" § N
X o4l o 10-'2 } SHMe, T,,=156.5 MeV o0 .
2107 F ccc B 1<
o F - 3 10 "3 | do,, ldy=0 532 + 0.096 mb 1
10_5- T 10—14 ........
E 3 16 2 25 3 35 4 45 5 55 6
106% ] Mass (GeV)
10-7:_ —e— Estimated =2 ALICE 3
; - —o— Estimated Q. ALICE 3
10—8 -lllll 1 1 1 llllll 1 1 11 llllI 1 1 1 llllll
1 10 102 10°

Large enhancements: unique sensitivity to

thermalisation and hadronisation dynamics
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Multi-charm baryon reconstruction in ALICE 3 %

ErF>Er+nt>E +3n7

Reconstruction of

First ALICE 3 tracking layer at 5 mm =ec** decay in the ALICE 3 tracker
* Track =~ before it decays, =~ pointing resolution “u \ =
: : : . . \ ' | =
Unique access with ALICE 3 in Pb-Pb collisions 7 \ ,.'——ﬁz;' )
b " [ >}
kS f
Q 5 I I L T I T
c = | : -
.5) 10 E_ _E Vem- !'.
wn - '#,- -
i =+
1= T Seo — | v
= - Q5 2 A 4
- ALICE 3 Study o e ]
- PD-FD 0-10% PYTHIA | 1 | S 1
10-' — Full acosptanocs over fnj<4.0 - — T EE— — —
= Particle + antiparticis 3 0 / 2 4 B8
- | I | | lezssm.; I : X {om)
0 2 4 6 8 10 1z i1 Tracking of Z~
P, (GeV/e)
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Conclusions

* Immense amount of results obtained in Run 1 and Run 2

—>detailed insights into QGP properties

Rich QCD research programme

- pQCD, hadron interactions, formation of hadrons and nuclei ' The ALICE experiment:
= A journey through QCD

Run 3 started
—>ALICE 2 detector taking data

Preparations for Run 4
ALICE 3 LOI endorsed by LHCC for Run 5+ 6
—>Moving forward to the R&D phase

a.marin@gsi.de, MWPF2022, Puebla (Mexico) 57



RLXCE

Extra slides

a.marin@gsi.de, MWPF2022, Puebla (Mexico) 58



e

o
-
@

(pb GeV? ¢?)
2 2

d’s
=)
w

£
A

10"
10"
10°
10°
107
108
10°
10
10°
10
10

n® and n mesons

T lIlIllII T lIlIIlII lllllll T € lllllll T T IIIlII|
EL A ALICE Prellmlnary & 10 ALICE Prellmlnary
— X : e -
13 TeV (Prel ;)p 3 10" =T Ll
) (x10%) [o] o - 13 TeV (Prel.) (x10% =]
8 TeV (x10% [+ ] 2 F = = 8 TeV (x10% [+ ]
7 TeV 109 [+ ] o0 E =y g *e;‘_ 7 TeV (x10% [+
5.02 TeV (Prel.) (x10% "-’°|g1o,2 e *&- e 5.02TeV (Prel.) (x109)
2.76 TeV x10) [ ] w “FJ* =‘; = 2.76 TeV x10) [
0.9 TeV [1] T S - "‘;‘ ‘:,\ 0.9 TeV (Prel) [&]
. Citee ) O3Q a e
1 M = o
10 OV, - % ene “'P* ah
10° G N R w *;,,
e "‘a:" -
10° ) NN N= =‘=:
* .:*:,aﬂ:j = t*? ﬂlgm =
107 N S W
.~I p ‘\-[3;] ‘QE:: "
*® * 105 \c\p 3 N =
. N \ = = o
& . \ N o0
h *- 105 B?\ %
T B? ‘. G;]\ ‘.\
. e 10° oo %
a,  x% RS-
---TCMfit -~ Tsallis fit & * 10 ___ TCMfit - Tsallis fit
| IIIIlIII | lIIIIlIl | IIIIIII| o] IIIIII| | | IIIIIII | | | |
0.2 1 2 345 10 2030 100 200 0.4 1 2 3 4567810 30 40
P, (GeVic) P, (GeVic)

n0: 0.2 < pr < 200GeV/c
n: 0.4 < p; < 50GeV/c
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g ~ CERN ISR/SPS Fermilab ALICE ]
12 o Vs-23Gev  * PpVs=138GeV e ppVs=13TeV'
T o ppVs=243Gev ¢ PP Vs=19.4GeV o ppVs=8TeV 7
10 . ppVs=243GeV PP v@=31.GGeV o pp‘(@=7TeV ]
~ o pp /s = 30.6 GeV 2 ppVs= 512.7 GeV < ppVs=276TeV ]
0.8— = pp Vs =53 GeV ) * Preliminary |
” » ppVs=53GeV .
0.6 7 PpVs=624GeV ]
°C 4 pp Vs =63 GeV | ¢+_
= pp Vs =540 GeV =l
0.4 oL T
0.2 _’%_ﬂ"ﬂi 'Hi % —
- —i—fﬁ- high p; world average -
— PHENIX _]
0'0: y= ¢ ppVs=200Gev Cno—0475+0005 -
0.3 1 2 3 4 567810 20 30 40
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Universal behavior for all collision energies -
World data at high p;: n/m° = 0.475 + 0.005
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n® and n mesons

T T TTTTT T IIIIIII| T IIIIIIIl

£

10" . — PYTHIA 8.2 Monash 2013
*s I =° pQCD NLO
N PDF: CT18, FF: NNFF1.0
10° N\ nPQCD NLO (x 10?)
\ PDF: CT18, FF: AESSS
|
0

(pb GeV? c3)
=)

d’c
p?
3

ALICE Preliminary
pp Vs =13 TeV
norm. unc. 2.2%

[¢]n
[o]n(x 10?)

---TCM fit

IIIIIII| | IIIIIII| | IIIIIII|

2 345

10

’
107!
1072
107

10 2030 100 20

2 1
P, (GeV/c)

*NLO using NNFF1.0 FF describes the n° spectrum
*PYTHIA overshoots data and does not describe shape of spectra
*New FF are needed for the n meson
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Theory, Data

Theory, Data
TCM fit

o
o

1.5

1.0

TCM fit
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Hardening of py spectra with rising multiplicity
e General ordering and magnitude described by PYTHIA
e Slightly different pr dependence
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Mean p- &
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ALI-PREL-495442 on - Tinl<08

In central heavy-ion collisions particles with similar masses have similar <p> (hydrodynamic expansion)

— ¢ meson (my, ® m,) mass ordering breaks down for peripheral collisions and in pp and p-Pb
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Constraining initial condition and QGP medium properties

— RLXCE
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Strong interaction between hadrons %

_ ALICE
o .,' 7 T —
Sl F/:/‘ 3 l
Mg, gL T
2 )

C(k*)

Koonin-Pratt equation, M.Lisa, S. Pratt et al., Ann.Rev.Nucl.Part.Sci. 55 (2005) 357-402 2

Nsame (k™) _[ = 2\[2 43
NG S(r) |w(k*,7)| d3r

Emission source

200 400 K*

C(k™) = {(k") -
Two-particle wave function

Schrodinger Equation:
V) = [ 4(k",7)|” relative wave function for the pair

a.marin@gsi.de, MWPF2022, Puebla (Mexico) 64



p and d absorptlon in ALICE
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PRL 125(2020) 162001

65

RLXCE



Strong interaction between hadrons

Nature 588 (2020) 232

a b Interaction : d
N Repulsive
% \~\_T Attractive
s O — = | e Repulsive
T W . —— Attractive
(] P> s x
o T . °
o N 0 05 10 15 20 1 e
P rfm | T
Emission source S(r*) Schrédinger equation 50 100 150 200
) k* (MeV/c)
Two-particle wavefunction Correlation function
lwk, )| /
A l
c L 1 I I
N_ (k%)
* j * * same
Clk) = [ 5w, )| 2 = (k) —="—
Nrixea®")

Koonin-Pratt equation, M.Lisa, S. Pratt et al., Ann. Rev. Nucl. Part. Sci. 55 (2005) 357-402
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Strong interaction between hadrons

RLXCE

Test for lattice QCD calculations of strong h-h and h-h-h interactions

Important input for the equation-of-state of neutron stars arXiv: 2201.05352

6.PLB 811 (2020) 12.arXiv:2201.05352  15.2rXiv:2205.15176

. . . :\ L I I I | | I I I I I I I | I I I I L
(which contain hyperon-rich matter) S ALICE pp Vs =13 TeV .
o AT High-mult. (0-0.17% INEL >0) ]
- ° pD- ®5D+ -
n Coulomb -
S-0 S=1 S=2 S=3 3_" —— C. Fontoura et al. -
> L + s Y. Yamaguchi et al. _
Strangeness n _
1.PRC 99 (2019) 7. Nature
;.xylg gg:g)) ;xf’msgo%m i J. Hofmann and M. Lutz i
4.PRL 124 (2020) ?6?:383;2 (220;)2) 13.2rXiv:2204.10258 2 J. Haidenbauer et al. (gf,/ 4n =2.25) —
5.PLBBOS (2020) || arXiv:2104.04427 |4 arXiv:2206.03344 B .

l-
%t_

DA

1 1 1 1 I 1 1 1 1 [ 1 1 1 1 I 1 1 1 1

0 100 200 300 400
k* (MeV/e)

First measurement of p-D correlation function:
* Coulomb+ attractive strong interaction describes data better

* Estimate of QCD scattering parameters -
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Residual strong interaction between charm and light hadrons %%

C(k*)

1.3

1.2

1.1

1.0
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D7 correlation function suggests deviation from the Coulomb baseline
* Simultaneous fit to same and opposite sign correlations to study the isospin dependence m*D*:1=3/2 channel

Extracted scattering parameters are lower than lattice QCD expectations

Suggest a small rescattering of D mesons in the hadronic phase of HI collisions
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Hadronization of charm quarks from pp...

ALICE
PRD 105 (2022) L0O11103
—~ 1 _0 _ T T TTTT T T T T TTTT T T T T TTTT
> i | | | ] g ]
T - = ALICE, pp, Vs = 5.02 TeV - o g
o - (PRD 105, L011103 (2022)) - = 10° - FONLL H 8 |
< 0.8 - = ALICE Preliminary, p-Pb, |5 = 5.02 TeV — XS, C maaa o == 7
- —ALICE, pp, Z¢ x A x Rypy(A) (Preliminary) % C = ]
B + B factories, e'e”, Vs = 10.5 GeV 7 ° - < 8
i +LEP, e'e”, Vs=m, - - i
0.6 - °+* * HERA, ep, DIS — - i
i o HERA, ep, PHP il
: : 10° E
0.4 —[4- E — - .
: N d : : * ALICE (pp, ly| < 0.5), PRD 105 L011103 :
0.2 — * — o ALICE Preliminary (p-Pb/A, —0.96<y<0.04)
- - == - 10 = o PHENIX (pp, ly| < 0.5) _
i ) o I = o STAR (pp, Lvll< 1.0) | :
0.0 ' ' | | 4x1072 107'2x10~ 1 234 10
D° D* D& A& = /s (TeV)
® 6 e 2 @a ~40% increase driven by observed baryon enhancement

Data on the upper edge of FONLL and NNLO calculations

Significant baryon enhancement with respect
toete orep Charm fragmentation functions

are not universal

~ (o) __> H
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H. f(e — Ho)[%]

D’  39.11.7(stat) "33 (syst)
Dt 17.3+ 1.8(stat) "} (syst)
DS 7.3+1.0(stat)"]](syst)
AF  20.4-+1.3(stat) )5 (syst)
Z0 8.0+ 1.2(stat) 33 (syst)
D*t  15.54 1.2(stat) " ]5(syst)
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Charm baryon/meson enhancement: pp—>Pb-Pb %

arXiv:2112.08156

© PLANLENL L IR BN RN BN R LR
= 14 ALICE (S = 5.02 TeV, |y| < 0.5-
< 1.2F -
1E | —— 0-10% Pb—Pb
ook H~ —— 30-50% Pb—Pb :

- "l —— PP ]
0.6:—#% -H- -
0.4 *m =

- - & .

0.2r T H -

0 = 70 T—T; :
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Additional dynamics in QGP
A./DP enhancement at intermediate p; relative to pp
e similar to light flavor hadrons

e parton recombination at play also for c quarks
* mass-dependent p; shift from collective flow
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Dead- cone effect now exposed by ALICE

Reduction of gluon radiation from

heavy quarks at small angles

Dokshitzer, Khoze, Troian,
J. Phys. G17 (1991) 1602

Wum steP1 -, Reclustering sfep2
5 d
Reclustering step 3 ,—--/ .
3
r’) y e == WG
] //'/ \\‘
-~
——— -
Fully reclustered jet
=1 2
e 3
s, ooy O |
9’; | — T 5 e aadd

=~ Charm quark

% Gluon emission vertex
Emitted gluon
6,>6,>...>6,

Epsamor,1 > - > Epamoes

First direct observation using jet iterative declustering and
Lund plane analysis of jets that contain a soft D meson

[

Dead-cone effect
\ Gluon emissions are
\ suppressad in a cone

e \ with 8, = Mo/Eosny /

S

T — —— Charm
o
> —
| S ) f
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1 d nlncluslve Jets

AP’ Jets dIn(1/6)

R®©)

NInclusive Jets — dIn(1/6)

kT1,ERadiator

[l ALICEdata === PYTHIA v.8 LQ/inclusive
no dead-cone limit
— PYTHIA v.8

= SHERPA === SHERPA LQVinclusive
no dead-cone limit

0.37 0.22 0.14 0.08
LI I | L I | I L
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15} -
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118 small angle
angle lllllll.lllllll
1.0—--‘--- -
05} ™
0 L1 1 1 I | N | l L1 1 1 I 1 1 1
1.0 1.5 2.0 25

In(1/6)
Nature 605 (2022) 7910, 440
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Charm splitting function in jets c 9

.

arXiv: 2208.04857
o 9: lIIlIIIIIIIIIIIIIII|I|l||||||||: 8 ALIICE r 13 Tev I | T @”—‘IE@E
3 E ALICE, pp, (5 = 13 TeV . 3 S o7 PP, Is=13Te B 0 -tagged
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% 7:— otoh T ) Binclusive — < 06 15 < " 230 GeV <05 |8 inclusive
~ E 15<p7 " <30GeV/e,|n_|<05 E ot p, "~ <30GeV/c,|n |
> 65—5 pZ <80 GeV/c, |y |<0.8 E 2.‘91 05 5<p] <30GeV/c, |y I<08
E 5E- Soft Drop (2, =01, ﬁ 0) SD-untagged jets = S g4f Soft DFOD (Zow =01, ﬂ 0)
= & D°-tagged: 22% = ~ B e e
4 D"-tagge = I - ih -
inclusive: 2.8% = : .
3 — E,o . .. ..
E 02 ., .
2 — ,.- *o,
""" " hal
: o= L
|

r[rrr|'n'r|1u|m|m|n |||||||||||||||||||| |||||||||||||1||||||||||||||||||||||||
OHR
- | .ﬁ |
— M
I||||||||||||| ||||l|1||||||||||||| ocbeochodbeo oo oo b b

© S 2
= 25 D%-tagged P = w531 D3-tagged POWHEG +PYTHIA 6
ﬁ 5 o DUtagged P ﬁ 15 2 D -tagged PYTHIA & |
Q 15 S e ——*————————
DR = 05
@ © i ' ' l |
T 13 % 16E .mw inclusive PYTHIA 8
2 105 9 42 -
O [ e v ———— ——————————— O ‘1 —————————————————
= 095 = 08

0.9 1 L1 i 06
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Zg Ngp

Charm-tagged jets =2 first direct experimental constraint of the splitting function of heavy-flavour quarks

* Zdistribution appears steeper than that of light quarks and gluons

* heavy-flavour quarks on average have fewer perturbative emissions compared to light quarks and gluons
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Electromagnetic radiation

RLXCE

Expected statistical errors of T as a function of pre.
ALICE 3 projection, one month Pb-Pb

ALICE 3:
* Probe time dependence of T
Double differential spectra: T vs mass, pree

; 400 i 17T 1T | 17T 17T I 17T 17T | 1T 171 | | | | | T 1 ]
. . (]

e Access time evolution of flow S | ALICES3 Study T i
Dilepton v, vs mass and pr.. possible — . 0-10%Pb-Pb, ysy=5.02Tev L 7
2 Tee - -1 4 —
N 0.5 T T T T [ T T T T [ T 1 350_ Llnt = 56 nb 4 |
[ ALICE 3 Study i L ((\e 1 _
| 30-50% Pb-Pb, (S, = 5.02 TeV, L = 33.6 nb" ] L ° 1L i
| TOF+RICH (40, rej), B=05T 4 - "\ + .
04— 02<p_<4Gevic, In|<1.75 - 300+ I ]
: No brerﬁsstrahlung included : B T N
- DCA <1.25, 0.65 < m,_ <0.75 GeV/c 2 Ml e i T ¥ ]
| v, from PRC 101 044904 (2020) B | 1 B
0'3_ $ prompt dielectrons — - 250 1 ]
I ¢ excess dielectrons : : :: :
0.2 — - T .
- —— ] ool FitRange: 1.1 < mg. < 1.8 GeV/c2 T N
. 13_ _ - e Ty (stat. unc. only) T i
: - —o— . - Treal 1 i

- — 1 50 | | L 111 | | | | | | | | | | .| | |

0_ 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 l_ 0 0-5 1 1 -5 2 2-5 3 O - 4
0 1 2 3
p,., (GeVio) Ps oo (GeVic)

Complementary measurements with real photons.
Different systematic uncertainties = reduce overall uncertainties R. Rapp, Adv. High Energy Phys. 2013 (2013) 148253
Y _ _ _ P.M Hohler and R. Rapp, Phys. Lett. B 731 (2914) 103
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DD azimuthal correlations

ALICE 3 prOJectlon DD correlatlons

xwa... x10°

RLXCE

Ea I I = = T T T T T T T
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10 ¢ T T T T  p—— 20T + '+ L ++ E IR . »
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o+ 2 3 4 5 6 Angular decorrelation directly probes QGP scattering
A¢

e Sensitive to energy loss mechanisms, degree of thermalization
e Strongest signal at low p;
Very challenging measurement: need good purity, efficiency and n coverage
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Nature of exotic bound states

D° — D*° molecule

or

Exotic states: T,F, 1c1(3872)

* Include double charm states, potentially weakly bound states

DOD**: nature of T,

RLXCE

* |nvestigate structure with two particle momentum correlations and yields, arXiv:2203.13814

* Understand dissociation and regeneration in QGP > unique access to low pt ¥« (3872)

Possible with ALICE 3 thanks to excellent pointing resolution + large acceptance
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Electrical conductivity of the medium

d?N,, /dmg.dy (GeV/c ¥
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Large acceptance tracker

60 m? silicon pixels detector

Based on CMOS Active Pixel sensor technology

9+3 (barrel + disk) tracking layers

Compact: r,~ 80 cm, z,,, ~ £400 cm
Large coverage : [n| <4
Hight spatial resolution: s pos ~5 um (req. <10 um)
Timing resolution: ~ 100 ns
Very low material budget
* 1% X, per layer overall =2 X/X, (total) < 10%

Low power: ~20 mW/cm?
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Relative p; resolution «

Ap.ipr (%)

Vx/Xo

B-L

1% over large acceptance

RLXCE

Integrated magnetic field crucial (2T)

Overall material budget critical

—— Solenoid 7.5m, additional windings at edges
—u— Solenoid+Dipole, averaged in ¢
—+— Delphes Parametrization
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Particle identification

Time-of-flight detector

e 2 barrel + 1 forward TOF layers ( R =19 & 85 cm, z = 405 cm)
e With silicon timing sensors

Ring-imaging Cherenkov detectors

* 1 barrel + 1 forward layer

e Aerogel radiators with continuous coverage from TOF

Large acceptance electromagnetic calorimeter

* Pb-scintillator sampling calorimeter + at n ~ O crystal calorimeter
* Photon & high p electron identification

Muon identifier

e Absorber & 2 layers of muon detectors

* Muons down to pr > 1.5 GeV/c

Forward conversion tracker

e Thin tracking disks in 3 <mn <5 inits own dipole field

* Very low p; photons (< 10 MeV)
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