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ALICE

Overview of the talk

ALICE experiment — history
Physics highlights Run 1 and 2

ALICE upgrade for Run 3

ALICE 2

ALICE future

Upgrade in LS3
ALICE 3 project
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ALICE

Heavy lons @ LHC
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First (sub-)detector concepts of heavy-ion experiment at the LHC
« Aachen 1990 conference (E.Quercigh, P.Sondereger, H.Specht, ...)

Heavy-ion detector proposal(s)

« Evian 1992 workshop (dedicated detector, modified DELPHI, CMS)

Letter of Intent 1993 — ALICE experiment (addition of muon spectrometer requested by LHCC)
« Technical Proposal 1995 (1996 — 2006 addenda), approved 1997

1998 — 2005 Technical Design Reports

Large Hadron Collider
Workshop

lllll
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LARGE HADRON COLLIDER
IN THE LEP TUNNEL

PROCEEDINGS OF THE ECFA-CERN WORKSHOP Asclists, 4-9 06tobes 1960

hedd at Laosanne and Geneva,
21-27 March 1984

#5. Aachen Workshop #-

Lol
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Early ALICE designs
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ALICE
CALORIMETER Jrm— 1‘?:‘25 1992 Design (Evian)
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1990 Design (Aachen)
open axial field magnet
(AFS/ISR, + NA38 muons)
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ALICE @ Lol time

E M Calorimeters|

mgnet use competing with L3P proposal
=> Plan B was to built another large solenoid (0.2T)
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Mega-Alice in 1994

ALICE

ALICE WITH MUON ARM LRYOUT |

2 assorted forward detectors — later ‘outsourced’ to Felix proposal — became Totem
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ALICE

ALICEIn TP (1

995)

4 Note the approx. zero mass support structures, cables and services !

A
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ALICE

ALICE 2011

ZDC w
~116m from I.P,

ACORDE

ABSORBER

DIPOLE
MAGNET

"/ TRIGGER
-~ \CHAMBER

ZDC
~116m from I.P,
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Physics highlights ALICE 1
Runl& 2
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2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
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Anti-p to p ratio at midrapidity

« How easy/difficult is to transfer baryon number at large rapidity distances?
* is baryon number transported by quarks or a “string junction”?
« what’s corresponding Regge trajectory intercept?

\/s [GeV]
10 10? 10° 10
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ALICE Collaboration : Midrapidity Antiproton-to-Proton Ratio in pp Collisions at ¥s=0.9
and 7 TeV Measured by the ALICE Experiment; Phys. Rev. Lett. 105, 072002 (2010)
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ALICE

Reminder: J/y suppression due to
colour screening in the QGP
reduced at low py and at central
rapidity by cc regeneration

— ~100 cc pairs per central Pb-Pb

JIy
y(2S)

New result: measured y(2S) — x10
lower binding energy! — to pin down
the role of these two mechanisms

Y(2S) ~ X2 more suppressed than J/y
Hint of regeneration at low p+

. . n u &_,)_:)
Jhy dissociation vs. regeneration 2\t
< AL I L IR R IR R L R LR
O 4 4f Pb-Pb.Vs,=502Tev 1
- ALICE,25<y__<4,0-90% TAMU _
1.2F e Jiy (JHEP 2002 (2020) 041) ) Jhy .
- ® y(2S) (preliminary) [ Tw(2S) -
] .-
0.8} .
0.6F _'
| NSy y
0.4F \ —
0.2F — ——
- regeneration? ]
ob vt vy v u .., §trongerscreening, |,
0 2 4 6 8 10 12
P, (GeV/c)
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%% Jet deflection “\Pou
ALICE

ki §1'0T3'|"'|"'|"'

N _ _ = 40 - ALICE Preliminary E

Jets recoiling against a high-pt hadron S TE (5 =502Tev  10<p” <20GeVic ]

. _ X 35 Ch-particle jets, anti-k ’ —

—> down to jet pr ~ 10 GeV/c 9 UF Rloam <05 g
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Angular deflection of soft large-R jets: £ 20 . .-

Scattering on QGP constituents? Of6 T8 2 22 24 26 28 3

Medium response to energy loss? Ag (rad)
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ALICE

(\,
Energy loss: charm vs. beauty “\Pou
Energy loss predicted to depend on QGP
density, but also on quark mass
“Dead cone” effect reduces small-angle
gluon radiation for high-mass quarks , . beauty/charmRa
) ‘ — f §§ 4 . D.?':ifset htodmc (_E-Ioss) _ !i))mb:;?artﬁtg?n:f (ltj:galescence)—:
o [ ratintor (quar within & 7~ T
ky m, g
Bk — 53

E (S E, g

Less suppression for (non-prompt) D

mesons from B decays than prompt D
mesons

Smaller energy loss for b quarks needed
to describe the ratio of Rpa
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Elliptic flow
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expansion (flow)
azimuthal modulation in momentum

Non-central collisions: elliptical geometry

9
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- quark-level flow + recombination in high-multiplicity p-Pb (and pp)
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ALICE

Heavy-flavour flow

ALICE, PRL 120, 102301
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Heavy flavour participates in the collective dynamics
at LHC energies
Flow strength like the light hadrons
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Baryon to meson in charm sector
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ALICE
D
 Additional dynamics in central Pb-Pb <
collisions: L./D® enhancement at
Intermediate p+
e Suggests hadronization by
recombination + mass-dependent p
shift from collective expansion
* Prospects: high-precision, and other
baryons, from Run 3 data
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QCD Interactions among hadrons ﬁém

J. Haidenbauer elfh(@p =2.25)

»

I.PRC 99 (2019) ' 7. Nature 588 (2020)
2.PLB 797 (2019) g pRL 127 (2021)

ALICE
° = [T T T T | T T T T | T T T T | T T T ]
Usg femtoscopy technl.que. to assess X f ALICE pp (=S 13 TeV ]
residual strong interaction in h-h and h-h-h @4?‘ High-mult. (0-0.17% INEL >0) ]
—  Poorly known for stran ryon — I * PD"®PD’ ]
oorly known for strange baryo .s Q’\K : SR _
* Relevant for neutron star modeling 3 C C Fontoura <teh _
— Unknown for charm hadrons and 3-body — Y. Yamaguchi ebeh ]
Po J. Hofmann and M. Lutz ]
S=0 S=1 S=2 S=3 __

Strangeness L

3.PRL 123 (2019) 9 pLB 822 (2021)
B=1 4.PRL 124 (2020) 1o pLB 829 (2022)  13.2rXiv:2204.10258 1 S : _+_ .
5.PLB 805 (2020) || arXiv:2104.04427 4. arXiv:2206.03344 T
6.PLB 811 (2020) |2 arXiv:2201.05352  15.arXiv:2205.15176 . —+— 7
. | | | | | | | | | | | | | | | | | | | ]
0 100 200 300 400
IR{MeV/c:

First measurement of p-D correlation function:
« Attractive interaction
« Estimate of QCD scattering parameters
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ALICE

ALICE upgrade for Run 3
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ALICE-2 upgrades Aot

D

ALICE

New Inner Tracking System (ITS
—7 barrels, 10 n¥ silicon tracker
based on MAPS (12.5 G pixels’

New GEM-based TPC
with continuous readout

ALICE 2 Upgrade

Tracker (VET) -6 diskes —> Tracking precision x3
based on MAPS - Pb-Pb rate x50

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 (HT)
—3 detector technologies:
interaction trigger, online
luminometer, forward multiplicity
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New all-pixel trackers: ITS-2 and MFT &Q\)F'E

« |TS-2 seven layers monolithic active pixel sensors
 MFT five layers Muon Forward Tracker in front of absorber

ALICE

«  Monolithic Active Pixel Sensors (MAPS)

— Low resistivity, high efficiency, low thickness, el
low power consumption Inner radius 3.9cm 2.3cm /
— Also chosen by sPHENIX and MPD@NICA A 119 X 0.3-1.0% Xo 0.8% Xo
Absorber Spatial 1200 o ~5x5 om? ~5X5 om?
. & resolution P
FIT 2y 400
= i e Rz ALICE { € 140 7
7 W 2 350f--& 81! [ P N N D s =
MFT / o S a0l ) Curent Todam) 1 ™= o
(-3.6<h<-2.3) ‘o / 5 : R ;100 | -

[e) 250 ‘rn }"\ B

N R gl

Q F I e

@ 200} ks : s

£as0f N T 1 TR

% I G N qﬂ]ﬁa o ] 40 »Ei?‘fﬁg.ag g

a 100¢ \\/;\_‘. ] 1

A ™ ] 20
50 ; '§\=£=Q‘.—‘_‘h.h'm _ 1 ]
0 | = 03 4 6 8 10
10 1 10
p, (GeVrc) By [GeVic]
ITS2 tracking precision MFT: <100 oum
x3 better in rg plane, above 1 GeV/c

ITS Outer Barrel <20 oum above 1 GeV/c
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MFT — CTU Prague contribution

ALICE

e Muon Forward Tracker at CERN

« completely new detector for precise tracking in front of muon absorber
e participation in construction and commissioning
e system run coordination

development of quality control software

\ D

b/

Upar o SUmMTary < ‘ Track fy, (M08 == 0]

it ?ﬁ:
ﬁ I.-\!l:—
o —
T o1e—
o =
- 4=
=
I
£ =
rd =
Pl |
2 og—
e

==

oLl L= 41T C-10] B2 10 4T —H! d b ol J E' i "‘"‘J" i i i i L i 1 1 i 1
BRI TR MBI 1 10 1B L Y, G Dot 2002, T84 GRS (1334 UG RarMumace: GIEE0
TOCE 022 18T CEST J 12T UG RunmMurmcer: :El.'i:.l'll 1Qct 2022, 18:21 CEST [ 16:21 UTEC RunMumber: 53 Eﬁ;“ll;e - HiStOI’y Bresent & Fulure 51
H




TPC upgrade — GEM readout

ALICE

\ D
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« Time Projection Chamber change to continuous readout
« readout MWPC replaced with GEM chambers
 Pb—Pb up to 50 kHz

Current MWPC: readout rate limited by ion backflow ion feedback from
72 readout chambers Stack of 4-GEM-foils

* New readout chambers (GEM): continuous readout of Pb-Pb
at interaction rate of 50 kHz
— preserve pr and dE/dx resolution

* 5Sinteractions on average during TPC drift time (90 xs)
Calibration and track-to-event assignment in O2 system

80-deg @ slice

amplificatio region

CERN-LHCC-2013-020

| ———

Small TPC for drift measurement
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ALICE

ALICE future
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ALICE

.
ALICE Upgrade A

Prague institutions organized ALICE Upgrade Week last year

19-23 September 2022

House of CASTS

Novotného lavka 5, Prague, Czech Republic
Week &

2y ed
.;-f'. i
L)

-
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Upgrade Projects 0
ALICE
ALICE 2 ALICE 2.1
- ' —_— T = - ’ = II >
2017 2018 2019 2020 2021 2022 2023 ,2{314"’50r /2026 2027 2028 2029 2030 2031 2032 2033 l 2034 2035
er—————————— . [t
z FoCal || ITS3 ! ALICE 3
i 1 } . . ]
'« Test beams with full prototypes | |* Characterisation of 65 nm sensors % * R&D programme
i l L e e tt 4 i -
| | |* Finalisation of Engineering Run 1 | * Preparation of scoping document
* Sensor radiation tests || 9 9 ; . \
o N S T e P T T (Pt % ° Testlng of englneerlng models § * Format'on Of pI'OjeCtS and WOI’k paCKages
| SO, A—— o ————at——————————over~ et ttretma st
FoCal Lol: CERN-LHCC-2020-009 ITS3 Lol: CERN-LHCC-2019-018 Superconducting  icyy

magnet system

‘F

e A A P A AN BN SR 0 P P A N PN S A N AN 4~ T e G,

absorber

Muon

1 i chambers
f In addltlon ;' .
fStudles on Fixed Target programme at IP2 ‘ ALICE 3 Lol: CERN-LHCC-2022-009

e e et B A A PR T ety B B S A AN DT RS T B P G4, Srwat LaT T T SR A L TNl G A o € t
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ALICE FrOm ITS 2 tO ITS 3 ﬁE&EU
From stave-based innerBant Silicon Detectors

ITS2

Beam pipe

Magnus Mager (CERN) | ALICE 3 | 14102020 25

e Operation of bent sensors (ALPIDE) established
In many testbeam campaigns

e Stitching for wafer-scale sensors
to be demonstrated with Engineering Run 1

 Improve Inner Tracker performance by

e moving closer to the interaction point
e reducing material budget

* Replace Inner Barrel with truly cylindrical layers (ITS3) — submission being finalised
e requires low-power, wafer-scale, bendable sensors
(MAPS: 65 nm TowerJazz ISC, stitching, thinning) e TDR in preparation for Q4 2023
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ALICE

ALICE 3 Physics Programme
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ALICE 3 — Lol submitted recently — completely new detector for heavy-ion physics at the LHC
high-rate, high-resolution, large-acceptance heavy-ion experiment for Run-5 (~2035)

restauration
Di-electron mass, pr spectra, vz

Heavy flavour transport, thermalisation
Beauty meson, baryon v»

DD azimuthal correlations
Multi-charmed baryons

Net-quantum-number fluctuations

BSM searches, e.g. ALPs

N : multi-charm baryons
Thermal radiation, chiral symmetry ...

------- PQCD SPS (Chen et al, JHEP 2011, 144)
-:+= pQCD SPS (Phys. Rev. D 57, 4385)

o0 @
e IR

SO
¢

10°F

107 —e— Estimated X ALICE 3
—o— Estimated W, ALICE 3

lofs?m\ T B

1 10

Hadron interactions, structure . DD correlations

E 60— Nwencmw‘ ALlcE als{ud;.i,“; o |

gt’ 50 o Fulthermalisation 0°-TF azimuthal correlations, t;kg-suuwaclcd
E] o P4 Gev/e

SeF 2<pP’<4Gevic

<

IA 8.2, {5, = 5.5 TeV, 0-100% ceniral

¥ >4 GeVic, 2 <pl <4 ly <4

(Forward) Ultra-soft photon production e ey

Correl. unc. + 1.8e-04 (indep. c-cbar contrib.)

E Une. NS width + 18.0%, AS width + 3.8%
F Unc. NS yield £ 19.3%, AS yield + 3.4%
0".\".‘\.H.I..HI‘..‘I.‘..\
-1 0 1
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arXiv:2211.02491v1 [physics.ins-det] 4 Nov 2022

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

@)

ALICE Ve

CERN-LHCC-2022-009
LHCC-1-038

Letter of intent for ALICE 3:
A next-generation heavy-ion experiment at the LHC
Version 2

ALICE Collaboration

©2022 CERN for the benefit of the ALICE Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.
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ALICE 3 Detector ek
ALICE
L : TOF
* Vertex tracker: excellent pointing resolution Superconducting R|cH
e Heavy flavour mesons/baryons, multi-charm magnet system

(vields, flow, correlations)

e HF rejection in dielectron, dimuon
measurements

e Large acceptance tracker and PID

e Correlation measurements

e Rapidity dependence measurements
e TOF and RICH

e Hadron ID for heavy flavour decays, net-
baryon measurements

e Electron ID (with ECAL) for dielectron radiation
(and J/y)

e Muon ID down to pr= 1.5 GeV:
guarkonia, including P-wave (with ECAL), exotic
hadrons

e ECAL (+conversions): photon detection for P-wave
guarkonia, photon radiation, jets

e FCT: ultra-soft photons

Muon
absorber

Muon
chambers
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ALICE

ALICE 3 Integration and Runing A

Installation of ALICE 3 around nominal IP2

L3 magnet can remain, ALICE 3 to be installed inside
Cryostat of ~8 m length, free bore radius 1.5 m,
magnetic field configuration to be optimized

Running scenario:

6 running years with 1 month / year with heavy-ions
e 35 nb1 for Pb—Pb x 2.5 compared to Run 3 + 4
» Lighter species for higher luminosity under study
pp ats =14 TeV:

e 3fb1/year x 100 compared to Run 3 + 4
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Nibg Pushing Frontiers of Precision ek
2010-2012 2015-2018 2022-2025 2029-2032 2035-2038 2040-2041
\ + ITS3/FoCal } l | }
| | |
“ALICE 17 Major upgrade “ALICE 2" New detector “ALICE 3”

— 100
§ ALICE 1
=
> ALICE
)]
% \ ALICE 2

Enhance physics reach by improving: o T Run 3

— rate capabilities & acceptance E ® ALICE 2
— tracking precision s 10 . Run 4

—> high precision, reduce backgrounds, 5 \

aCCess rarer pI’ObES %
& ALICE 3
g
c
o 1
(a T

1 10 100 1000

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