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Run 3 data taking ALICE
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Large pp samples collected (with offline trigger selections) Large heavy-ion data sample collected
2024 data taking progressing very well in 2023; first results shown at conferences
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Run-3 physics performance examples

Impact parameter resolution
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LS2 upgrades: improved pointing resolution and larger data samples
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. . 50,4+
Run 3 results: charm baryon resonance production: 2. ALICE
0,4+
Zc — Ac 2 >+ yield ratio vs pr
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M(pKnn) - M(pKr) (GeV/c?) Similar yield of both resonances

Not described by Pythia hadronisation
In line with statistical model expectation
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Run 3 Pb-PDb results: elliptic flow ALICE

out-of plane RIS PR

; Heavy flavor meson v2 He meson v
7 'C'Y’)" 05_ ' ' . '. roor | a‘:- 0.6 T | rrr 1t 11 1 r 11t 1t 11 1 T ] T T 1.1 T T T ]
— - ALICE Prellmlnary IETY - 5
A 0.4 Pb-Pb, 30-50% centrality, s, =536 TeV | & (g ALICE Preliminary §
= C Run 3 (20% of 2023 Po—Pb sampl i F PDPD, Y8y =536 TeV ? -
< F nun o (@0%o ~Pb sample) i - 20-40% FTOC centrality .
e - 030 D — 0.4 .
N - ¢ D" | B s ? ]
Asymmetric initial state = 0.2F * s e — 0.3 s v -
produces - EPURLE = " [ i - - / .
momentum asymmet N e ) B — R i - | - -
y ry 0.1=—=% % 8 ] . 0.2 - _
B QhE—(- i B | ; | ° He, m| < 0.8 5
B I i . ' = B | Run?2 7
O'O: ol : 0'1: = IP Glasma + MUSIC + -
- Svst. from data - == o + UrQMD + Coalescence  _
0.1 yst ] 00 ——— Blast-wave .
- Syst. from B feed-down - S T R R R R
0 2: | | | | oL | | : 2 3 4 5 6 7 8
0.2 GeV/c
> 3 4567 10 20 30 40 P ( )

P, (GeV/c)
Improved precision constrains formation mechanism

More results shown at SQM, LHCP, ICHEP, Hard Probes this summer

Some based on partial statistics — analysis of full sample ongoing
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ALICE upgrade projects

LS4: ALICE 3

Absorber
Magnet

LS3 upgrades

ITS 3 Muon chambers
FCT

Forward Calorimeter

Cylindrical
Structural Shell

Half Barrels

/N

TOF
Tracker

Vertex detector

TDR approved ALICE 3 Lol:
CERN-LHCC-2022-009

ALICE 2 ALICE 2.1 ALICE

LHC LHC LHC e \
Run 3 LS3 Run 4 LS4 i

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037
NB: schedule update: LS3 moved by half a year

TDR approved
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A Large lon Collider Experiment

Forward Calorimeter upgrade

Forward Calorimeter upgrade: 3.4 <n < 5.8
 High-granularity Si-W electromagnetic calorimeter
 Hadron calorimeter: Cu-scintillator

 Goal: determine small-x gluon density in the nucleus
by measuring forward production of isolated direct
photons, 79, jets ...

Prototype test campaigns at PS and SPS
e Pad sensors + readout validated

* p-type sensors from Indian vendor being
tested

 Pixel readout validated
e HCAL readout with H2GCROC validated

~ FoCal-H
i Cu + scintillator

ALICE
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FoCal physics program ALICE

Signal photon fraction Projected photon uncertainties Projected PDF uncenrtainties
O 10 o LT T 2 14 N L L L L L B AL = o4 AL DL LLL LR I LU I ALLL IR
o = FoCal simulation - o | : . B o 208 e -
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- . —+— Isolation : 0.4} — nNNPDF3.0 (with FoCal + no LHCb D% —| [ |
- —+-no selection B e | FoCal pseudo data - L |
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0 2 4 6 8 10 12 14 T T Y S ST SR 0 " TR
p (GeV/c) 0 5 10 15 20 25 30 p (GeV/cC;S 1078 1078 107% 1073 1072 1071 X1

-
High granularity to High precision direct photon measurements down to low pr
reject decay background to constrain gluon density down to small x =10-°

Larger program: z0, jets, UPC
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LS3 upgrades: ITS 3 —

(a)

Cylindrical 4
structural (4
shell ¢
(CYSS) |

ITS3 TDR

ultra-light fully cylindrical tracking layers

Impact parameter resolution
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Replace inner 3 tracking layers with ultra-light tracking layers
 |Large area sensors, curved around beam pipe, carbon foam

support
Improved pointing resolution for
 Heavy flavour reconstruction
* Di-lepton measurements
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Curved sensor bonding test
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ITS3 R&D
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 Development of stitched sensors: 65 nm technology

Detection efficiency (%)
(o]
18]

« Engineering runs (MLR1, ER1) completed

70

optimise design, test stitching
 Mechanical prototypes produced

* Air cooling strategy tested and validated

Air cooling test setup

80 -

MLR1 efficiency and fake rate ALICE

o o S g = Y et = e e
R measuremen t sensi tivity limit

75 100 125 150 175 200 225 250 275 300 325 350
Threshold (via Vcasp) (€7)

Handling of stitched structures

L 103

L 102

-10?!

L 100

- 10—1

L 10—2

L 10—3

Fake-hit rate (pixel™! s71)

—— Detection efficiency

-#- Fake-hit rate

—— Non-irradiated

—#— 10!3 1MeV neg cm™2

—¥— 10 1MeV ngq cm~2

—$— 10% 1MeV neg cm~2

—— 10 kGy

—§— 100 kGy

—#— 10 kGy + 103 1MeV ngq cm™2

Engineering model
for thermal tests
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A Large lon Collider Experiment

LHC Run 5 and 6: ALICE 3 — Absorber —— ECAL ALICE

Muon chambers Magnet RICH
FCT

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

excellent pointing resolution

 Particle Ildentification over large acceptance: muons,
electrons, hadrons, photons

 Fast read-out and online processing

[N
o
o

E ALICE 1
F L T— =_TOF
i ® “Runs Tracker
T $ ALICE 2
£ 1 ® Runa Vertex detector
5 N\ . Retractable vertex tracker
g ALICE RI;CE ~)
1 10 100 1000

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

Upgrades: improvements in

ALICE 3 Letter of Intent ~ precision, rate, acceptance
(CDS: LHCC-2022-009)
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Temperature of the QGP: electromagnetic radiation

T vs energy
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> - .
()} — Fireball average temperature
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Light flavour hadron abundances consistent with common chemical freeze-out

e Limiting temperature: ~155 MeV

Electromagnetic radiation gives access to temperature of QGP before hadronisation

 C(Cleanest signal: dilepton pairs
« Expected T at LHC: 300-400 MeV
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Temperature
from hadron abundances
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Dielectron mass distribution

III|III|III|III|III|III|III|III|III|III|IE
— ALICE 3 Study 1 =
— + L, =5.6 nb" 'measured’
— 0-10% Pb-Pb, \s,, =5.02 TeV -
= TOF+RICH (40, rej), B=0.5T Syst. Uncertainties: =
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No bremsstrahlung included
t""---—.-.-....,+*~. —— Fit of the spectrum |
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Temperature of the QGP: electromagnetic radiation

T vs energy
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g 450 :_ -8-NA60 -©-ALICE 3 - 35 nb™ (simulation, stat. only)
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Light flavour hadron abundances consistent with common chemical freeze-out

V'S (GeV)

e Limiting temperature: ~155 MeV

Electromagnetic radiation gives access to temperature of QGP before hadronisation

 C(Cleanest signal: dilepton pairs

« Expected T at LHC: 300-400 MeV

Temperature
from hadron abundances
‘chemical freeze-out’
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Dielectron mass distribution
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. 0-10% Pb-Pb, |s,, = 5.02 TeV -
1=-TOF+RICH (40, rej), B=05T Syst. Uncertainties: =
- 02<p, <4GeVic,Inl<08 sig. (5%) + bkg. (0.02%)
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temperature

Slope measures

X

ALICE
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= | | |
Temperature of the QGP: electromagnetic radiation ALICE
T vs energy Dielectron v
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D E Fireball average temperature - ALICE 3 Study =
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Light flavour hadron abundances consistent with common chemical freeze-out

P e (GeV/e)

* Limiting temperature: ~155 MeV Unique access to time evolution of

temperature
via vo, pt dependence of T

Electromagnetic radiation gives access to temperature of QGP before hadroni

 C(Cleanest signal: dilepton pairs
« Expected T at LHC: 300-400 MeV
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Heavy-flavour transport: DD azimuthal correlations ALICE
Charm azimuthal correlations
1.0 | | | v | |
- m— CO|.+rad. 8_
= = col. é 92
- m— rad. i O
| = pp S 8 c
= ] me
% 0.6F AA, pr,trig>4 & 2<PpT, asso<4, ly|<4] o Q_J
o . 1 Q0 -
= 0.4) - 2
z | 5
~ 02k ]l @3
! - a]) z
L - w —_—
0.0 =7 0 T 3172 C
A¢

 Angular decorrelation directly probes QGP scattering
e Signal strongest at low pr
* Very challenging measurement:

need good purity, efficiency and n coverage
— heavy-ion measurement only possible with ALICE 3
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Heavy-flavour transport: DD azimuthal correlations ALICE

ALICE 3 projection: DD correlations

x107°
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Charm azimuthal correlations 5 60F | ALICE 3 Study, L = 35 nb’ e
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 Angular decorrelation directly probes QGP scattering
e Signal strongest at low pr
* Very challenging measurement:

need good purity, efficiency and n coverage
— heavy-ion measurement only possible with ALICE 3
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Heavy-flavour transport: DD azimuthal correlations B ALICE
ALICE 3 projection: DD correlations
x107°
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Hadron formation: multi-HF hadrons ALICE
Yield vs mass
: 102 o >
X 10F o Pb-Pb |5 =5.02 TeV 0-10% >
AU lyl<0.5 o
~ 10~ o
>~1 0-2 Run5 &6 %
2 10” =
© 10 Ocec T
10-5 Run 3 & 4 3X charm %
10‘: 2x charm 1 =
10” — u,d,s only particles N
10-8 — ¢ = 1 particles 1x charm @
1 0—9 — ¢ = 2 particles B 5
1 0-10 — ¢ = 3 particles 8
1071
1012 SHMc, T,=156.5 MeV
10 '° F do, /dy-O 532 +0.096 mb
1 e e e
1079572725 3 35 4 45 5 55 6 ..-
Mass (GeV)

Multi-charm baryons: unique probe of hadron formation
Statistical hadronisation model: very large enhancement in AA

» Specific relation between yields: g for n-charm states
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Hadron formation: multi-HF hadrons ALICE
Yield vs mass Strangeness tracking
— 10°F >
10 Pb-Pb \/s,=5.02 TeV 0-10% | >
ot lyl<0.5 S
~ 10" 5
1072 Run 5 &6 @,
2 107° =
© 10 Qccc T
10°F Run3&4 3x charm { T
10_: Ct ™ 2x charm 1 =
10° — u,d,s only particles N
10-8 — c =1 particles 1x charm @
1 9;2 —— c=2 panfcles El 8
10 —— ¢ = 3 particles Ol
1071 ‘m
10-12 k- SHMc, T,,=156.5 MeV G
103 F do, /dy=0 532 +0.096 mb
- V. PP IPEPEPEPY IPEPEPEPE PRI PR BT PR IR BT
10745 2 25 3 35 4 45 5 55 6
Mass (GeV)

Multi-charm baryons: unique probe of hadron formation
Statistical hadronisation model: very large enhancement in AA

» Specific relation between yields: g for n-charm states
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Hadron formation: multi-HF hadrons ALICE
Yield vs mass Strangeness tracking =000 SHM (Andronic et al, JHEP 2021, 35)
: 102 | > w94 mmm===- pQCD SPS (Chen et al, JHEP 2011, 144)
£ 10 3. Pb-Pb \'s\,=5.02 TeV 0-10% | » S - pQCD SPS (Phys. Rev. D 57, 4385)
) Q. L | | 1T T T T | | 1T 1T 1T | | 1T 1T 1T
N T lyl<0.5 S A | | L
~ 107" 5 E -
>‘1O-2 Run 5 &6 o L C} ____ qy-'@"@ Qe B
2 10_3 ?:) - cP _________ & =
o 10 Qccc T 5 ? i
10°° Run 3 & 4 3X charm { ¢ = e Qcco E
10_3 Ct  2x charm 1 i s -
10° — u,d,s only particles N = =
10-8 — ¢ = 1 particles 1x charm @ - -
10—9 —— ¢ = 2 particles B é ;_ _;
10—10 —— ¢ = 3 particles o1 E §
10~ — W B o Estimated =t ALICE3 ~ _
10-12 | SHMg, T,=156.5 MeV Li o Estimated Q- ALICE3 =
1073 F do, /dy=0 532 +0.096 mb S | | -
—14....1 ................................ L : L : EEEEE—— : U
10745 2 25 3 35 4 45 5 55 6 1 10 102 10°
Mass (GeV) | (N part>
Multi-charm baryons: unique probe of hadron formation ALICE 3: unique experimental access
Statistical hadronisation model: very large enhancement in AA to multi-charm baryons

Specific relation between yields: g for n-charm states
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Heavy-ion collisions as a laboratory for hadron physics ALICE

. DD* momentum correlation
I discovery

o 70 T T ] T T T T % —
< 7 R S e————— DOp*+ DD
= T | = 35- 4
% 60—_ i LHCb 230; . Tetraquark (4q) 5.0
'M : : _1 § é i é : % I I I I | I I I I | I I I I | I I I I I I I I 2 . [ I I I | I I I I | .
% - | 41D gjgg ﬂ s HR 6’2 ALICE 3 upgrade projection (§24 5 ALICE 3 upgrade projection E
= 501~ | 2 s + 1 . 10— lyl<4 Models - ~H| Iyl < 4 -
< | : e : a E
S ,F ; S TEE —1m (pp) 140 — 11m (pp) :
S - | I o Y i 2 fm | - —2fm ;
— | 0 — 5
- ¢ data 3.874 3.8Eg v a A ---- 3 }‘m 5b_Ph . 3'5:_ — 3 fm E
1 T 5 DODOt MpODO -+ eV/c?| 7 o — - ]
30:_ i —_—— b;zkground . VS 3t o 1m ( ) _ 3.0~ ——5fm (Pb—Pb) _
| | total _ — . — ]
. | 10 thresho - 0 _ 5 molecule ‘ Simulated data . .
20__ + <|> i ——— B*OII;L Eiresﬁoﬁ + i v o 2 T“. * PP, Lint =18 fb_1 _ 252_ L £ B
- | . 3 - Pb-Pb,L =35nb" - T p = 8 i
— | — ) in - pp —_ 18 fb ]
10 | + +H, + j, + ﬂ f__ @ t 2.0 ] ~ 4
- . - 1 jewiitussss o - 0-10% Pb-Pb =35 nb ]
- tt == *Jﬁji _ #ﬁ#ﬂJF ﬁ| % % H> Hﬂ E ™ £ /{' | i 1.5 -
O :_.__+_+.+.+_ P N I I f T . \ e _\\ 2 i .
| | | | I | | | | I | | | | D —.* — 1_0 :
3.87 3.88 3.89 3.9 4107 f - - ]
MO0+ [Ge\// 62] 3x107" il 0.5 E_ _E
S I T T T K T M N T Y AN N N NN N N N N L ' | ' ' | ' [
LHCb, Nat Phys 18 (2022) 7, 751 2x10 0 0.1 0.0 0.3 0.4 0.5 0 0.1 0.2 * 0.3
k* (GeV/c) k* (GeV/c)
» Several exotic heavy flavour states identified DD+ nature of T, D'D™. nature of y.,(3872)

* Loosely bound meson molecule or tightly bound tetraquark?

e Study binding potential with final state interactions Bound states produce specific pattern vs system size

‘femtoscopic correlations’
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Other physics topics

e Susceptibility of the QGP: net-baryon fluctuations

 Resonance production in Ultra-peripheral

collisions

e ALP searchin yy

e Measurements of y., .

» Production of nuclei in A,

e Search for charm-nuclei

* Ultra-soft photons: Low’s theorem

See ALICE 3 Lol for details: CERN-LHCC-2022-009

Significance

—> He decays

Entries/Bin

102

-
o
w

l[ l | — | Ll Ll Ll {I— I—‘ ) I — l L1l 1

dN/dy for p’-> m*n'n*n in Pb + Pb collisions at VSyy=5.8 TeV

ALICE3 acceptance

acceptance

|
»

|
H

|
N
o
N
H
()]

8
p ' Rapidity

ALICE3 Study, pp Vs =14 TeV, 18 fb™
(3872) — Jhp+r'w, lyl < 1.44, BR = 0.24%

1/A, [TeV

Counts

10—

. PYTHIA 8.2 Angantyr, Pb-Pb |s,, = 5.52 TeV

10°~ — Signal —
[~ =——— Primary background " ]
|~ —— Correlated background ; % i
I . xw i

LHC
(pp)
Y-y + inv.
1=
" erey +
ATLAS/CMS
(10 nbY)
Beam-dump
| T T | | T T I|I| | T I\Ill
10 10 1 10 10 10°
m, [GeV]

- ALICE 3 study

Layout vi, Inl <1.44

|

. S/B=0.41 ’:ﬁ WMH A /A +\\
| Significance =51.2 Y y_ A |

[ p ' p \\f/ /‘

anti-triton a iton c-deuteron

4ﬂ

I 71 . | I ‘
28 29 3 3.1 32 33 34 35 36 37
Invariant mass (GeV/c?)
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A Large lon Collider Experiment

ALICE 3 R&D

Superconducting magnet

e Design

e SC cable options: Cu stabilized Nb/Ti,
Al stabilized Nb/Ti, MgB2

Fiber Glass Insulation

\ 20x@=0.7 |

Inner Tracker

- vertex IRIS retractable system: mock-ups of petals and rotation system,
primary and secondary vacuum systems design CO. cooling studies

5.12

11.92

Dimensions are in mm - middle layers: module design, ultra-light version with stitched sensor

Outer Tracker

Module, stave and barrel
design, air cooling system,
module assembly for
industrial production

ALICE Upgrades | Upgrade Week 7-11 Oct 2024 | MvL 17
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ALICE 3 R&D

TOF

sensor technologies under study:

e hybrid LGAD
e monolithic CMOS LGAD
e SiPM

-1

50um CMOS  35um SIPM
FBK LGAD FBK LGAD

K(m mm?) (1x1 mm?) /

o

]

|

l
( ”'

il

k \4 ‘!
"y

Iii rig lrrays

-

lw‘“
i

|
!

l

MO

h

il
|

\

-| —l_J_ , \I’ L
e I
}

Beam

MID

technologies under study:
e scintillators + SiPM
e multi-wire chambers
® resistive plate chambers

ALICE
RICH

e aerogel Cherenkov radiator

e SiPM radiation hardness

e SiPM timing properties for MIP
detection (combined TOF
measurement)
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Summary ALICE

 Run 3 data taking: large data samples, improved momentum resolution open new
physics opportunities

 |LS3 upgrades: ITS3 and FoCal progressing well
* ALICE 3: unigue physics program enabled by

* Excellent pointing resolution

* |ncreased rapidity coverage and rate

* Excellent PID

An interesting and productive week ahead!

ALICE Upgrades | Upgrade Week 7-11 Oct 2024 | MvL 19
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Summary ALICE

 Run 3 data taking: large data samples, improved momentum resolution open new
physics opportunities

 |LS3 upgrades: ITS3 and FoCal progressing well

* ALICE 3: unigue physics program enabled by Upgrade events in 2025:

« Excellent pointing resolution - ALICE 3 Days, 17-19 February
- ALICE 3 Days, 19-21 May

* |ncreased rapidity coverage and rate
Upgrade week, 29 Sept-3 Oct

* Excellent PID

An interesting and productive week ahead!

ALICE Upgrades | Upgrade Week 7-11 Oct 2024 | MvL 19
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ITS3 impact parameter resolution

Transverse Longitudinal

Ve \
R T IS I I T T 1711 I I T T TT11 I lll}l'l | | F TP rri | | F 1T 111 |
-.I.*---.\ ----------------------------------------------- LR LR B R LN I R I I N —
" T T & BN R R :

(um)

> 2%x10?

10°

o(DCA

30
20

10

N GO

[FAT sim n* [ = 0.5, Pb—Pb Ys,, = 5.5 TeV
1--- ITS2 —— ITS2 + TPC

: 4--- ITS3 — ITS3 + TPC
410" [0 i iiiiii i

107" 1 10 10~ 1 10
p. (GeVic) p, (GeV/c)

IFull sim (ITS) 7* || < 1.0, Pb—Pb Y5, = 5.5 TeV
& |TS2
{—e— ITS3

LI

I EEE

4x107"
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ALICE LS3 upgrades: Forward Calorimeter

* Prototype tests at PS, SPS:
« ECAL pad and pixel layers
« HCAL Cu-scintillator spaghetti design
* Analysis ongoing — encouraging first results

HCAL response ECAL pixels: lateral distribution ECAL pads: longitudinal profile

—_— —~ 4000 I I
ﬂ E | | LI I ] L I LI I LI I LI _ 287 Gev .(..-L-) : E : : —e— 287 GeV/c
C Beam Energy £  1—ALICEFoCal-E Pixel i - - Data ~e- 243 GeVc
G>) 15000 ........................................................................................................................ I ~— B Layer 5, ITS OB HIC PrOtOtype g4 — 244 GeV S(J 3500; .................................. e s S R R S R — 197 GeV/c
) — CERN SPS H2, N ber 2022 L
HG_D 60 GeV S n ovember —— 100 GeV Q - —— 149 GeV/c
O * 100 GeV = 08 — 60 GeV O% 3000 ___ ................................................... 99 GeVic
— = SO :
@ I 200 Gev 3 [ 20 GeV e il ey TR
Q z B s " + N * 60 GeV/c
E 10000 T T A 250 GeV © - — .S 2500_._ .................................................. ,,"‘,_—;_”‘\:*_ ......................................... o BV
=] i , 5 06— — S x e e .
pZd B : i 300 GeV =+ B i 3 n
~ [) B . P E
350 GeV = I . @ 20001 o
. B 7 " [
0.4— ) = ! :
5000 k— b R IR e e b - : 08,- 1500;;
o "
0.2|— — 1000~
01.12.2022 : : E
: Ax10° : 1 5001
100 % 15 0 5 o 5 10 15 20 .
Y _ _ 5 = 3
Energy [ADC] Lateral distance from shower center x (mm) 0%

15 20
FOCAL-E Layer (= X/X,)

mm-scale spatial precision
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Impact parameter resolution — HF benchmarks

Impact parameter resolution

’E\104E [ IIIIII| [ [ IIIIII| [ IIIIIII| [ IIIII-I:—
I ALICE 3study  m -
CC) — —
5 10F n=0 R -100em 3
Ie) - —— Layout V1 :
$ B — |TS2 -
o 10°E —— ITS3 E
= - .
S ]
o I —]
Q 10 ~
1= -
10—1_ | | IIIIII| | | IIIIII| IIIIIII| | IIIIII_
107° 107 1 10 10°

P, (GeV/c)

Excellent pointing resolution and PID:

Large S/B and efficiency
10-20x ITS 2 at pr < 4 GeV

5 3
Acceptance x Efficiency

—
<
OV

D meson signal/background Efficiency
EEEEEEEEEEEE——_———————————————————————————————————
ALICE 3 study @ 0<lyl<1 00<ly 1<4.0 i
4 track
10 Layout V1 B i<lyl<2 d
—— @ T "
B=20T + 2<lyl<3 e —— i
Pb-Pb, {s,,=55TeV » 3<lyl<4 Do —o— T -
. o — E
Centrality: 0-10% —o— Ayt ;
2 _,_JI},__I:I_.D.'D'
10 o
_._'—O—l_. n
_._I_._—.—|_._I_._I ® 1 o —qp— -I:I-EI-
—I—I_._ " i L it
- L v - r
:T n ap Jb I I .
—— —
1 ] . s s 0 o
: —d— o
= gt
Ly ™0 -
s @ ALICES, Inclusive :
102k o % ALICE2,Ip  1<08 &ALICE2 (J. Phys. G: Nucl. Part. Phys. 41087002), Prompt ]
b O ALICE1, Iy 1<0.8 OALICE1 (arXivi2110.09420 [nucl-ex]), Prompt '
e e 4+ o 1. . .01 . . .01 1 " e b o 2 2 1 . | 1

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

Improves precision for:

- Charm and beauty baryon v2
- Dielectron spectra

. . .10. : .12. . .14. : ”
P, (GeV/c)

> 4 6

Access to new signals:
- DD correlations

- Multi-charm baryons
- Dielectron vz
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ALICE 3: an ambitious physics program ... ALICE

Dielectrons DD correlations: charm diffusion Heavy flavour vz
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1 v S i Thermalisation of heavy quarks
Direct measure of temperature Myq (GeV/c?)
- : : Multi-charm baryons
and expansion of early stage Chiral symmetry restoration ry

............ SHM (Andronic et al, JHEP 2021, 35)
....... PQCD SPS (Chen et al, JHEP 2011, 144)

Exotic states and hadron mteractlons eme pQOD SPS (Phys. Rev. D 57, 4365)
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ALICE upgrades strategy ALICE
Large steps in pointing precision T
and “effective acceptance” Keep/strengthen ALICE unique reach

— 100 In particle identification
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= ®
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& % Run3 R |
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f 10 CT?E Run 4 )
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oo p _
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Chiral symmetry restoration: p — a; mixing ALICE

* Spontaneous breaking of chiral symmetry generates hadron masses in QCD

* Large mass difference between
p (770 MeV) and a, (1260 MeV)

* Chiral symmetry restored in QGP

« p and a; degenerate: mixing

—_
o

ALICE 3 Study

0-10% Pb-Pb, |s,, = 5.02 TeV
| TOF+RICH (40, rej), B=0.5T
0.2< Pio< 4 GeV/c, Inel <0.8

No bremsstrahlung included Syst. Uncertainties:
DCA.. <1.20

ee = sig. (5%) + bkg. (0.02%)
- cC (15%) + LF (10%)

---- vacuum p SF

— in med. SF w/ yx-mixing

— in med. SF w/0 x-mixing

—

¢ L. =5.6nb" 'measured

—
<

1/Ng, dN 2/dm..dy (GeV/c 2)"

: : : : 2L |
 ALICE 3 provides experimental access to chiral symmetry restoration R =
mechanism - .
107 s
p and a, spectral function —
T 1.2 ¢ IS ]
008 - Vacuum ] 0.08 | T=170 MeV ] S
N | :73
” 006 — Vector - @ 006 — Vector - 3
K NS . ] -
= — Axial—vector = — Axial-vector |
= o004 L= 004 f
SO I g
002 il 002} i o
p — a; mixing affects mass spectrum
. ———en N 000t . © v v i
00%.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 00 0.5 1.0 L5 20 2.5 30 3.5 above p peak

s (GeV?)
Hohler and Rapp, PLB 731,103

s (GeV?)
ALICE 3 provides necessary precision
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Heavy flavour transport: elliptic flow vz ALICE
Nig.f.f.gtrfa' Charm and beauty vz (via non-prompt D mesons) Impact of hadronisation (recombination)
>N T T T T I T T T T ‘ T T T T | OI T T T >(\I 0.35__ | | | | | L I | | __ o
0.4 | Pb-Pb @5.02 TeV, 30-50%, |y|<1.0, D B - — PHSD = = PHSD w/o recomb. 1 5
I non-prompt orompt _ 0-305‘ —— POWLANG - == POWLANG w/o recomb. - g
— LGR —=— ALICE Data 0.25;— —— DAB-MOD - = DAB-MOD w/o recomb. —; g
i —s— CMS Data | 0.20f = §
— u 1 N
0.2 |- I o R
i HHHHH] CUJ ET3 1 0.10 i __.___;
) 0.05E ' =
. . . TT L = E
Interactions with the plasma u P 0.00 -
generate azimuthal anisotropy vo: 0 [ » a _0.05E Centrality 30-50% 3
dN - | | | B 0.10E yi<08 E
—— x 142v, cos2(¢ — ) — 0. S S—
dag 5 10 15 20 1 2 3 4 5678910 20 30
Eur. Phys. J. C 80:1113 p. (GeV/c) p (GeV/c)
relaxation time: 7, = (m,/T) D
Heavy quarks: access to quark transport at hadron level
 EXxpect beauty thermalisation slower than charm — smaller vo
 Need baryons and mesons to disentangle hadronisation effects: interplay with light
quarks QGP: Hadronisation
quark transport
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Heavy flavour transport: elliptic flow vz ALICE

Non-central Charm and beauty v (via non-prompt D mesons)

collision No V2 performance
N T T T 0.3 | | » | |
0.4 | Pb-Pb @5.02 TeV, 30-50%, |y|<1.0, D i ALICE 3 Study L;; =35 nb
i non-prompt prompt 1 PbPb Sy = 5:5 TeV 30-50%
_ — LGR —=— ALICE Data_ Ap = A (Ag — pKr'), lyl<1.44
—— CMS Data | «~ 02~ = ALICE3 -
: 12 ITS3, L., =10 nb”
02 I — - LGR g TS2, L. = 10 nb"
| 77 CUJETS3 £ =
- 1 N
© S -
- i 0.1 % — T —
“ — — TT _ it
Interactions with the plasma M e = + *‘
generate azimuthal anisotropy ve: 0 - * - . * + +
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—p &1+ 2wy cos2Ag —y) . i e - 5 10 15 20 25
¢ p_(A,) (GeVic)
Eur. Phys. J. C 80:1113 p. (GeV/c) T

relaxation time: 7, = (m,/T) D

Heavy quarks: access to quark transport at hadron level
* Expect beauty thermalisation slower than charm — smaller v2

 Need baryons and mesons to disentangle hadronisation effects: interplay with light

g uarks QGP: Hadronisation
quark transport
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Hadron formation: multi-HF hadrons ALICE
= 10? .
10 Pb-Pb VSNN=5.02 TeV 0-10%
 Multi-charm baryons: unique probe of hadron formation c‘-é 1 38 e B
« Statistical hadronisation model: very large enhancement in AA ‘\"10—1 =
» Specific relation between yields: g” for n-charm states 5‘10—2 Run 5 &6
10
: cally? <
How is thermalisation approached microscopically S 104 OQcoc
* Measure multiple states to probe dynamics of thermalisation 107° Run 3 & 4 \ 3x charm
and hadronisation 10‘: ¢t 5% charm
10° — u,d,s only particles
10-8 — c =1 particles 1x charm
1 O—g —— ¢ = 2 particles @
1 0-10 — ¢ = 3 particles
107" —
Single and double-charm baryons: Ac, =c, =cc, Qcc 10—:2 IO, Tor=100.0 WMoY -
- = +
Multi-flavour mesons: Be, Ds, Bs, ... ::8_1 4 do /dy 0 532 0096 mb llllllllllllllllll
Tightly/weakly bound states J/y, y,.,(3872), T 1.5 2 2 5 3 3 5 4 4 5 5 5. 5 6

Large mass light flavour particles: nuclei

Mass (GeV)
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Multi-charm baryons ALICE

New technique: strangeness tracking
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Multi-charm baryons ALICE

New technique: strangeness tracking = oo SHM (Andronic et al, JHEP 2021, 35)
. mmmmm- pQCD SPS (Chen et al, JHEP 2011, 144)
1 W - Impact parameter of = cimm - pQCD SPS (Phys. Rev. D 57, 4385)
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ALICE 3: unique experimental access in Pb-Pb collisions
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Net-baryon fluctuations ALICE

Projection for 6th cumulant
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40 observation in reach with ALICE 3
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Quarkonia and y,(3872) ALICE

pp significance Pb-Pb significance
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Goal: understand formation and dissociation of cc states

ALICE 3 muon ID and ECal enable measurement of y. in Pb-Pb collisions
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Charm azimuthal correlations ALICE
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