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® ALICE timeline

Today
2017 | 2018 | 2019 | 2020 | 2021} 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035

Ii /“““M-ﬁ
l l//} ‘/

ALICE 2
| Major upgrades installed|
| and commissioned, |
| verified with pilot beam |

under LHCC review

of Run 2
i analyses |

Status
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¥ LS2 upgrades A'—'CZ

' New and u pgraded

— B 5 central detectors |
Ui Franidur o S\ ST continuous readout of |
Do R . Pb-Pb@50kHz |
= e — 13 nb-1in Run 3 & 4 |

Time Projection Chamber Event Processing Nodes

GEM-based chambers

 Online processing of all events

+ New front-end electronics | | .|+ ALICE pioneering usage of GPUs at LHC
: GS|  relevant for experiments at LHC, FAIR,
e excellent collaboration with AMD
T

Uni Heidelberg
Uni MUnster
Uni Frankfurt
GSI _

new Inner Tracking System

‘ * new forward interaction trigger
Transition Radiation Detector e new muon forward tracker

 Repair of supermodules * further detectors upgraded
 New readout scheme e readout and trigger upgrade Industry Award for AMD

for all detectors (Dec 2nd, 2021)
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LHC pilot beam

'on schedule, in budget,!

 Detector performance confirmed

* Continuous readout and
synchronous reconstruction verified
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| pp collisions: |
1 \/s =900 GeV

,.'- 10 years of physics |




Physics prospects

 ALICE 2 will allow comprehensive measurements of
 medium effects and hadrochemistry of single charm
e time-averaged thermal QGP radiation
e patterns that are indicative of chiral symmetry restoration

 Fundamental questions will remain open — ALICE 3
 fundamental QGP properties driving its constituents to equilibration
e microscopic mechanisms leading to strong partonic collectivity
e partonic equation of state and its temperature dependence
e underlying dynamics of chiral symmetry restoration

' Progress requires qualitative steps |
- in detector performance and statistics |
|~ next-generation heavy-ion experiment,
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® ALICE 3

5 Novel and innovative detector concept |  superconducting RICH TOF

magnet system

« Compact and lightweight all-silicon tracker i
- — good efficiency and pr resolution down to low pr }
i+ Retractable vertex detector ;
— excellent pointing resolution i
* Particle identification over large acceptance
. — clean reconstruction of multi-prong decays :
{* Large acceptance (An = 8) ﬂ
i  — correlations, n dependence .
t* Superconducting magnet system _
i — optimised magnetic field over full volume Muon
| I ; - absorber
i* Continuous read-out and online processing oo
. — large data sample to access rare signals chambers
FCT
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® Hadronisation

 Hadronic states populated according to —

statistical hadronisation model
(T = 156 MeV, p = 0)

* (anti-)hypernuclei up to A = 4,
single-charm states (c = 1)
— ALICE 2

Pb-Pb VST,N=5.02 TeV 0-10%
lyl<0.5

Run5 &6

“ccc

. h
e (hyper-)nuclei with A > 4, _ pxcharm
e a4y Y/ m 10 F T A O T N “2X charm
multi-charm states (c > 1) 107 F  — uds only partices o
— ALICE 3 108 F  — c=1 particies o x charm
10—9 — ¢ = 2 particles B
« Open questions e 10"11‘1’ — ¢ =3 partiles R
. . | - 1 O_ ~\\\-:.-”"\\\
* degree of thermalisation? f, ‘_ 10-12 | SHMc, T,=156.5 MeV Lo
(charm and beauty) 103 | do, /dy—O 532 +0.096 mb
. . . =Tk Caona 2 0 5 2 2 20 2 2 23 0 2 3 2 20 2 23 20 323 220 2222032220232,
 how is thermalisation approached? 10 15 2 2 5 3 3 5 4 4 5 5 5. 5 5
ics?
— dynamics” Mass (GeV)
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D Heavy-quark transport

L _ CE e sy Ldsme T i E
 Heavy-flavour quarks produced in initial scatterings szt oPb (e =55 ToV 30-50% JAVRE
. - A, — pKm, lyl<1.0 ]
then traceable throughout the evolution 02 . omces -
o bty D mse ot
> 215 |= i —
. z + z
e Simultaneous measurement of Raa and vz "ET T :
— diffusion coefficient Ds 05 + '
N S TR T '('30)'(;5'\'/:/3%)
p_ (Ac) (GeV/e

* Precise measurements needed for o

charm and beauty hadrons Popt 555 1oV 5007 A

Ap = Al (AL — pKr), lyl<1.44

* First measurements with charm baryons o2} e -

— ALICE 2 C>\] L ITS2, L, =10 nb™
* Precision measurements for charm and beauty T T _

- t
— require ALICE 3 - '
0 &IS 1I() 1I5 ?IO 2I5
pt (GeV/c)
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& Heavy-quark correlations

| | | | | I Z
. . _ _ . : coll, K =1.5 [1 —4] GeV — : —
* Azimuthal correlations between DD, BB pairs  foollired, K=08 O GV 222 4 2
- . . . 1 [= —— —— _ é
« Direct access to interactions with QGP - B o
momentum diffusion, in particular at low pr 3 SN o 1R
© 1073 F AR N . o
- AN NN o
4 [ /// kK \‘\ N\ h O
» Complementary to heavy-flavour flow TR N N S
o _ ] ] 10-5 e [ Il v T || §
e Sensitive to interaction mechanism, otz s 6 R
nature of scattering centres _ Ap
S e T e T T
c/b g 22 ;— + ::Iﬂ:::::::ation PYTHIA 8.2, (S = 5.5 TeV, 0-100% central —
. oE- D°-D" azimuthal correlations, bkg-subtracted -
e S 18 P Gee BB <t < E
. Need large statistics, large purity | | o 14 =
| for D (B) mesons, large n coverage | B oy .z
_ ) 0.8E " 1 % pD>4GeV/c
i g-ig— + 2 < I:)TDl:ar < i GZV/c E
= Correl. unc. + 7.2e-06 (indep. c-cbar contrib.) =
| — iz 0.2 Unc. NS width + 18.1%, AS width + 3.9% —
o/ I R S S E—
A (rad)
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https://arxiv.org/pdf/1305.3823

S, Thermal radiation

N 0 5 | | | I I | | | | I | I
~  ALICE 3 Study

: 30-50% Pb-Pb, |s,,, = 5.02 TeV, L =336 nb’
- TOF+RICH (40, rej),B=05T

0.4 0.2« P; ., < 4 GeVie, | < 1.75 o
| No bremsstrahlung included il
- DCA,, <1.20,0.65<m_ <0.75 GeV/c ? 5 =

0 3‘_ v, from PRC 101 044904 (2020) h
b ¢ prompt dielectrons —0_——+——- %_

ALICE 3 Study

0-10% Pb-Pb, |s,, = 5.02 TeV
| TOF+RICH (40, rej), B=0.5T
- 02<p <4GeV/c In | <0.8
— No bremsstrahlung included
DCA <1.20

- vacuum p SF

— in med. SF w/ x-mixing

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

Syst Uncertainties:

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

CT (15%) + LF (10%)

—
I

Study early phases,
e.g. plasma temperature
before hadronisation

—h
o.

1/N,, dN ?/dm..dy (GeV/c ?)

—) dielectron S 10‘2§— t : ¢ excess dielectrons :

i s | 0.2 —

. ALICE 2: e I B B == |

first measurement of g e ¥ A— ALICE 3 -

average plasma temperature : : :
(I-QGP > TfO) ) o.g.g“ | 'o.'4""'--7‘c‘>'6' —o08 1 R o — i - 2I — :ls |

(GeV / C2) m,, (GeV/c?) R pT,ee (GeV / C) p, ., (GeVic)

. Complete picture requires precision measurements (differential in pree, V2)

* Time evolution and pre-hydrodynamic phase | |
requires

Chiral symmetry restoration ALICE 3 _
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Further ALICE 3 topics

 Higher-order event-by-event fluctuations (incl. charm)

e Charmonium and bottomonium P-wave states

 Nature and production of exotic hadronic states

* Interaction potentials between strange and charmed hadrons
 QGP-like phenomena in small systems

e Ultra-soft photons: experimental test of Low’s theorem
(infrared limits of gauge theories)

e BSM searches: axion-like particles, dark photons
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D Tracking and vertexing

Q ~1 %o Xo for first layer

radius [mm]

Large-area MAPS-based tracker Retractable vertex detector
e ~60 m2 of CMOS pixel sensors * Bent, wafer-sized CMOS pixel sensors
 next-level detector (w.r.t. ITS2) * new concept
» modularisation e cylindrical layers inside the beampipe
| — radiation, beam-induced heating,
* powering scheme part of active detector volume
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%) Strategic R&D

* Silicon pixel sensors

* thinning and bending of silicon sensors
— expand on experience with ITS3

* exploration of new CMOS processes
— first in-beam tests with 65 nm process

e modularisation and industrialisation

» Silicon timing sensors Unique and

 characterisation of SPADs/SiPMs
— first tests In beam

* monolithic timing sensors
— iImplement gain layer

— Synergies with

* Detector mechanics and cooling

* mechanics for operation in beam pipe
— establish compatible with LHC beam

e minimisation of material in the active volume
— micro-channel cooling
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® Conclusions

« ALICE 2 (Run 3 & 4)

* major upgrades installed, commissioned,

tested with pilot beam '+ Germany plays a key role in the |
(on schedule, in budget) heavy-ion programme at the LHC |
* ready for rich physics programme (Pb-Pb & pp) _'
i* Full exploitation of the LHC

* ALICE 3 (Run 5 & 6) crucial to address fundamental
* required to unravel microscopic dynamics of the QGP, e.g. questions of QCD
 mechanisms of hadronisation |« Access and know-how on
 QGP evolution and transport properties /» unique and relevant technologies

 mechanisms of chiral symmetry restoration |
\* LHC and FAIR programmes

i complement each other ;
. — unique role for Germany |

* innovative detector concept
to meet the requirements for the ALICE 3 physics programme

o Letter of Intent under LHCC review,
expected to converge early 2022

Thank you for your attention!
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