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ALICE upgrades for Run 3

ALICE upgrades during the LHC
New Fast Interaction Trigger (FIT) | Long Shutdown 2

https://arxiv.org/abs/2302.01238

New Inner Tracking system (ITS2)

-19.5m from IP New Muon Forward Tracker (MFT)

-0.8 m from IP

Disk2 - Disk4

Disk1

17 m from IP 3.5m from IP

Disk0

Upgrade of Time Projection Chamber
(TPC) with GEM ampilification chnology
ITS2

Disk3 Power Supply Unit

TPC drift volume oEd EN

New data acquisition and reconstruction
electrons - framework —(Online —Offline , 02)
Continuous data taking of min. bias Pb-Pb
data at 50 kHz
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ALICE 2
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[
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Normalized counts per 0.5 MeV/c?

ALICE upgrades for Run 3

ALICE upgrades during the LHC
Long Shutdown 2
https://arxiv.org/abs/2302.01238
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ALICE upgrades for Run 3
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ALICE upgrades for Run 4

ITS3
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ALICE upgrades for Run 4

goal of ITS3 project: 1192
replacing inner barrel
of ITS2 with silicon-
only wafer-scale

truly-cylindrical layers

in 65 nm CMOS technology
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ALICE upgrades for Run 4

goal of ITS3 project: 1192
replacing inner barrel
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ALICE upgrades for Run 4

goal of ITS3 project: 1192
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ALICE upgrades for Run 4

goal of ITS3 project: 1192
replacing inner barrel
of ITS2 with silicon-
only wafer-scale truly-
cylindrical layers

in 65 nm CMOS technology

Beam pipe

2035-2038

ALICE 3
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ALICE upgrades for Run 4

goal of ITS3 project: 1192
replacing inner barrel
of ITS2 with silicon-
only wafer-scale truly-
cylindrical layers

in 65 nm CMOS technology

R =18, 24,30 mm Beam pipe
llbeam pipe: 16
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rg pointing resolution [um]
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ALICE upgrades for Run 4
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Improvement of pointing
resolution by:

B drastic reduction of material
budget (0.3 — 0.05%
X0/layer)

B being closer to the interaction
point (24 — 18 mm)

m thinner and smaller beam pipe
(700 —- 500 pm; 18 — 16 mm)

Directly boosts the ALICE core

physics program that is largely

based on:

B |ow momenta

B secondary vertex reconstruction

E.g. A. S/B improves by factor
10, significance by factor 4
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Significance

ALICE upgrades for Run 4
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ALICE upgrades for Run 4

FoCal Letter of Intent: CERN-LHCC-2020-009
httpsi/finspirehep.het/literature/1805025  FoCal-H

FoCal fece= [0 Cu-scintillator: direct y isolation
_ and jets
ﬁ - [0 Metal/scintillating calorimeter
’ with high granularity of up to 2.5
FoCal-H X 2.5 sz
3.4<n<58

FoCal-E

/ O Optimized for y and 1°
reconstruction
[0 Segmented in 18 layers of
tungsten and silicon pads with
granularity (~ 30 x 30 pm?)
‘ﬁ 2015-2018 2022-2025

low granularity (~ 1 cm)
\ - — O Two layers of tungsten and
absorber
| 2035-2038
This project has received funding

S silicon pixels with high
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https://inspirehep.net/literature/1805025

ALICE upgrades for Run 4

FoCal Letter of Intent: CERN-LHCC-2020-009
https://inspirehep.net/literature/1805025 FoCal-H

FoCal e [0 Cu-scintillator: direct y isolation
| and jets
ﬁ [0 Metal/scintillating calorimeter
with high granularity of up to 2.5
FoCal-H x 2.5 cm?
34<n<5.8

FoCal-E
/ O Optimized for y and 1°
reconstruction

[0 Segmented in 18 layers of
tungsten and silicon pads with
low granularity (~ 1 cm)

[0 Two layers of tungsten and
silicon pixels with high
granularity (~ 30 x 30 pm?)

2010-2013 2015-2018 2022-2025 2035-2038

ALICE 1 ALICE 2 ALICE 2.1 ALICE 3
This project has received funding
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https://inspirehep.net/literature/1805025

ALICE upgrades for Run 4

FoCal Letter of Intent: CERN-LHCC-2020-009 https://inspirehep.net/literature/1805025

FoCal O Energy resolution: ~ <5% (EM) ~12% (hadron)

[0 Position resolution: ~5 mm (EM shower)
[ | Required for two shower separation

[0 S/Bratio> 0.1 for pr> 4 GeV/c

Expected uncertainties
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Hadronic+UPC measurements
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https://inspirehep.net/literature/1805025

ALICE 3: Run 5 and beyond

- |

tracker

B Pointing resolution ~3-4 um
and pr resolution< 1% @1

TOF

Superconducting
magnet system

GeV/c
[l Large acceptance, |n|<4,
p:>0.02 GeV/c
[J Superconducting magnet
system
B Maxfield:B=2T (0.5 T runs
foreseen)
baaor. 0 Continuous readout and
Muon online processing

chambers - s . .
[J Particle Identification (PID) in
ALICEZ, -0 a wide range of p;and|n|<4
e
2010-2013 2015-2018 2022-2025 2029-2032 2035-2038
=
reived funding
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https://arxiv.org/abs/2211.02491v1

ALICE 3: Run 5 and beyond

£ ALICE [1 Compact all-silicon
3 ¢ ALICE 1
s 100 = tracker
(?3 & B Pointing resolution ~3-4 um
T ALICE 2 and pr resolution< 1% @1
& | GeV/c
W . ek [0 Large acceptance, |n|<4,
s 4 p+>0.02 GeV/c
S 10 \ auces L1 Superconducting magnet
2 ’ system
8 { B Maxfield:B=2T (0.5 T runs
.§’ foreseen)
§ 3 : Continuous readout and
: online processin
1 10 100 1000 1€ processing |
Acceptance (An) x Pb —Pb interaction rate (kHz) Pa”‘:ICIe Identification (PID) In
CALICEZ, @ a wide range of p;and|n|<4
. 2010-2013 2015-2018 2022-2025 2029-2032 2035-2038
—
reived funding
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ALICE 3: vertex detector

~

-

“Iris” vertex detector
In vacuum, retractable, tracker (3

layers + 3 disks): in closed position "<
first layer at 5 mm from the beam { @ "}
Wafer-size sensors based on CMOS = "/ mockup

MAPS technology (synergy with ITS3
R&D)

Pixel pitch of about 10 um (2.5 um - ~
intrinsic resolution ) and ~0.1% Closed
X0/layer

Max. radiation load per operational owen
year ~ 1.5 10> 1 MeV neq/cm? i

Time: 11

Cooling on the outer surface of the 235 Mo
3rd layer (micro-channel) while the B
layer O and 1 cooled via conduction | Z,
on the petals i ey

‘ l
N :“L‘
- 7

26.9 - [\3

274 N i
R&D challenges: rad. hardeness, I 279Min o000 =
mechanics, cooling & services 5000 15000

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.
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ALICE 3: PID systems

Time-of-flight
L1 Barrel TOF: two layers at 19 cm and

at 85 cm. Time resolution 20 ps, oy
|n|<1.75. Total surface ~ 31.5 m?2 :
O Two forward disks: 1.75<|n|<4 with .,
rn=15cm, r =50 cmatz = +405 ot
cm Tot. surface ~ 14 m?

CERN-LHCC-2022-009

= 7

v/c

0.6—

0.2 ‘ALICE 3 study

Layout v1, bTOF1 7] < 1.44, B = 2T

R&D challenges: depends on technology If MAPS uniform and

: - = Pb-Pb, {5, = 5.52 TeV, Pythia8 Angantyr |

fast charge collection + fast readout electronics and high S/N ratio ohtitly . s B
p (GeVic)

RICH for higher p; reach g
[1 2 cm thick aerogel tile and photo- 3

detection layer (SiPMs) at 20 cm

from the radiator 5
L1 Aerogel radiator refraction index n = N | —

1.03 (barrel) and n=1.006 (forward) - MB Pb-Pb at {5, = 5.5 TeV

0.05—

— determine the p; reach : Baseline ayout

R&D challenges: quality of the aerogel over

production cycle, digital SiPMs radiation resistant

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.
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ALICE 3: PID systems

CERN-LHCC-2022-009

Time-of-flight o
L1 Barrel TOF: two layers at 19 cm and - i
at 85 cm. Time resolution 20 ps, £ RICH n = 1.006
|n|<1.75. Total surface ~ 31.5 m? T ol b
i : S 10
[0 Two forward disks: 1.75<|n|<4 with g
rn=15cm, r =50 cm at z = +405 s s
cm Tot. surface ~ 14 m? o gy// """
R&D challenges: depends on technology, If MAPS uniform and /
fast charge collection + fast readout electronics and high S/N ratio lo~%z 1 3 3 2
n
RICH for higher p; reach K
. . iTOF
[ 2 cm thick aerogel tile and photo- W 72 oToF
detection layer (SiPMs)at20cm i 52 By e
from the radiator S 100]
L1 Aerogel radiator refraction index n = % .....
1.03 (barrel) and n=1.006 (forward) - 7 /A/
— determine the p; reach ?///%/
R&D challenges: quality of the aerogel over 502 / .
production cycle, digital SiPMs radiation resistant 0 } 2 . 4

n
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.
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Multi-charm baryons: why?

O

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.

ALICE 3: physics performance

different models to describe charm

equilibration and hadronisation: 10y

B H.Heetal PLB 746 (2015) 59

B A. Andronic et al. JHEP 07 (2021) 035

B J Zhaoetal PLB 771 (2017) 349 10}
B X Yaoet al. PRD 97 (2018) 074003

B S.Choetal PRC 101 (2020) 024902  Z

B etc. ]
study of multi-charm baryons over

different collisions systems (e.g. from O-O

to Pb-Pb) very sensitive to the non- .
equilibrium features of charm quarks Rl

V. Minnisale et al. arXiv:2305.03687

T T
—{1— coalescence

T T T
coal. ArAr—-Krkr-OO
=~ WIPbPb distribution )g//,///EETib
&— SHM >
C-1 Kr—Kr .27
----- scaling N_(N/V)
Q /
A PbPb  —
ccc H o Kk —
Y| p - 0.12 ArAr —_—
& EOJO 0o
T
Q
. Ar-Ar g°%°r charm
</ ©0.08 [-
R Zoo4|
O 002
I AT -
4] 035 1 15 2 25
pr [GeV]
2 25 3 35 4 45 5 55 6
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counts/(5 MeV/c?)

ALICE 3: physics performance

Multi-charm baryons

L1 =_*reconstructed in the channel:

Ecc++ 9 Ec+n+ é E-n+n+n+

10

Significance

L0 Q.+ reconstructed in the channel:
Q. >Q° >0 nnt
[l Performance for Q. studies ongoing
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ALICE 3: physics performance

Also exotic nuclei are
abundantly produced

L1 ALICE 3 can shed light on the
sector of hyperon-nucleon and
charmed-baryon nucleon
interactions.

] Anti-hyper nuclei with A>5 as
> He or °Li yet to be discovered

[J ALICE 3 apparatus well suited
for the study of #,He or °>,He

1 Discovery potential for charm-
nuclei like c-deuteron, c-triton
and c-3He

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.
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107952 25 3 35 4 45 5 55 6
Mass (GeV)

ALICE Coll. arXiv:2211.02491
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ALICE 3: physics performance

D°—D° azimuthal correlation .

measure angular @ > "’Q\/*;,@
i )Y N0

(de)correlation Ao D

B direct probe of HF
interaction with the

10 F T | T | T——— T

QGP 1 :_ coll—{—f‘zgi gz(l)g [4[1_—13% gzx === _:

Strongest signal at f S A

low pr $F ]

- P ce, 0 —20% _ ]

Very challenging 0 A gy ]
measurement: R VAN

B good purity, efficiency Y AR

and n coverage e T T 6

In heavy-ion collisions doable only M Nahrgang et al, PRC 90, 024907
with ALICE 3 ’ ’

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.
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ALICE 3: physics performance

D
QAT

D°—DY azimuthal correlation

measure angular
(de)correlation

B direct probe of HF

interaction with the )

QGP £
Strongest signal at 5
low Pt =

Very challenging
measurement:

B good purity, efficiency
and n coverage

In heavy-ion collisions doable only
with ALICE 3

N EEEEN EEREE Y EEEEN R
ALICE 3 Study, L, = 35 nb™

PYTHIA 8.2, \/s,, = 5.5 TeV, 0-100% central
D°-D° azimuthal correlations, bkg-subtracted

p¥' >4 GeV/c, 2<p” <4, ly | <4

e

_Illlllllll#llilllllllllllllllll_

l |

|
R T
:_ Correl. unc. + 1.8e-04 (indep. c-cbar contrib.)
& Unc. NS width + 18.0%, AS width + 3.8%
— Unc. NS yield + 19.3%, AS yield + 3.4%
B I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1

-1 0 1 2 3 4
A (rad)

ALICE Coll. arXiv:2211.02491

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.

31/5/23

Giuseppe E. Bruno

26



ALICE 3: physics performance

Thermal radiation and chiral
symmetry restoration
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ALICE 3: physics performance

Thermal radiation and chiral
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Conclusions and outlook

ALICE came a long way in the investigation of QCD in extreme conditions

much more is to come with LHC Run 3 and later on with ITS3 and FoCal in
Run 4.

obtained results pose additional fundamental questions that call for a new
detector @ LHC ready for Run 5: ALICE 3 letter of intent published in 2022.
Next steps are :

B Scoping Document (2024)

B Technical Design Reports (2027)
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ALICE upgrades for Run 4
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ALICE 3: physics performance

BSM searches in UPCs
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are dominated by photon-
photon and photon-nucleus
interactions. Provide for a clean
environment for axion-like
particles (ALP) studies

Searches via yy—a—yy process.
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