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A Large lon Collider Experiment

ALICE MAIN QUESTIONS

ALICE

oo = 0 tage = 1-10 fm/c thadronic = 10 fm/c
Main focus of the ALICE program is the study of OGP properties with HI collisions

« Extended to many other aspects of QCD during Runs 1 and 2

*  QGP macroscopic and microscopic properties

« Temperature and viscosity

* Interaction of partons with the QGP at various momentum scales
« Hadronization of the QGP

Two main physics items driving the ALICE upgrade strateqgies :

“Alice status and overview”
(I. Altsybeev : 22/05/23 09:30)

« Transport and hadronization of heavy flavors (HF) in the medium: differential measurements of HF hadron

production (suppression, enhancement, flow...) down to vanishing p;

« Electromagnetic radiation from the medium: dilepton measurements below ]/ mass, down to zero p, to

map the evolution of the collision

— Light and high-granularity detector + continuous readout to access untriggerable probes with very low S/B
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ALICE TIMELINE ALICE

Absorber ECAL
Magnet RICH

Muon chambers
FCT

Cylindrical
— 4
Structural Shell

Half Barrels

v TOF
Outer Tracker
Vertex detector

2010-2013 2015-2018 2022-2025 2029-2032 2035-2038

ALICE 1 ALICE 2 ALICE 2.1 ALICE 3
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A Large lon Collider Experiment

ALICE - UPGRADES FOR RUN 3 ALICE

New Fast Interaction Trigger (FIT)

ALICE upgrades during the LHC
Long Shutdown 2
arXiv:2302.01238

Upgrade of Time Projection Chamber
(TPC) with GEM amplification

TPC drift volume e e

New Muon Forward Tracker (MFT)

electrons

Disk1
TPC 17mfromip  35mfromIP

Disk0

Disk3 Power Supply Unit

New data acquisition and reconstruction framework
(Online = Offline , O2?)

Continuous data taking of min. bias Pb-Pb data at 50 kHz

2010-2013 2015-2018

Tracking and vertexing m m m

(M. Faggin 25/05/23 12:24) ALICE 1 ALICE 3
Particle Identification
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2022-2025 2029-2032 2035-2038

“Run 3 performance of new hardware with
ALICE” (J. Liu 23/05/23 11:30)




A Large lon Collider Experiment

ALICE - UPGRADES FOR RUN 3

© 2022 CERN

“Run 3 performance of new hardware with
ALICE” (J. Liu 23/05/23 11:30)

Tracking and vertexing
(M. Faggin 25/05/23 12:24)

Particle Identification
(C. Sonnabend: 25/05/23 12:42)

ALICE

Pb-Pb 5.36 TeV
LHC22s period
18th November 2022
16:52:47 893

2010-2013 2015-2018

ALICE 1

2022-2025

Integrated luminosity, pb

20—

16
14
12
10

7N
ALICE
ALICE upgrades during the LHC

Long Shutdown 2
https://arxiv.org/abs/2302.01238

ALICE Performance, pp 2022, \s = 13.6 TeV

BARREL: 17.6 pb™ f

MUON: 16.9 pb”

TRD: 2.1 pb™

PHOS: 1.3 pb"
Run 3 Goals:
* pp: ~120pb?
* p-Pb: ~0.3pbt?
*  Pb-Pb: ~6.5nb?

_——
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A Large lon Collider Experiment

ALICE 2.1 : FUTURE UPGRADES

Cylindrical
Structural Shell

Half Barrels

ITS3

2010-2013 2015-2018 2022-2025

ALICE 1
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FoCalL — PHYSICS MOTIVATION ALICE

Forward physics at LHC provides an opportunity to study the low-x region (< 10)
« Access to non-linear QCD evolution: investigate the onset of possible gluon saturation

‘ Perturbative region |

. . . . N
« Quantify and constrain modifications of gluon (n)PDFs g
» Direct photons provide a more direct access to the low-x region ol S
* No fragmentation pati
* No final-state effects PR B
o T0-11%/ 110 — y correlations and ]/ in ultraperipheral collisions e e S o
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EM and DIS measurements 107 Hadronic+UPC measurements — log(x) »
IIHIIII T llllllll T 1 W U LRALL ~~ IIIIIIII T IIIIIIII T TTTIT T ‘ 17T
Al .
e
(@ 2B == nNNPDF1.0
208Pb = EPPS16
B 10 =
\\\\ Qa\(Pb) i A i Qﬁb)
03 y A ER: S E
i Q.05 ] - o) . @}
iGI o vl oI v 1l L R ETTTT B ER AT AR TTTT B AW ATt EEE R R E ||||1|I 10_3 0.01 0.1 1
10 10° 10™ 107 107 10™ 1 10° 10° 10 10° 102 101 1
X X CE

LHCP Conference — Belgrade | 25. March 2023 | R. Minzer | Goethe Universitat Frankfurt 7



A Large lon Collider Experiment %

FoCalL — FORWARD CALORIMETER ALICE
Requirements:

« Energy resolution: ~ <5% (EM) ~12% (hadron) 3.4<n<58

* Position resolution: ~ 5mm (EM shower) FoCal-E

* Required for two shower separation

FoCal-E:
« Optimized for y and 1% reconstruction
« Segmented in 18 layers of tungsten and silicon pads with
low granularity (~ 1 cm) FoCal-H
« Two layers of tungsten and silicon pixels with high
granularity (~ 30 x 30 um?)
» Prototype tested in beam

FoCal-H:

« Cu-scintillator: direct y isolation and jets

« Metal/scintillating calorimeter with high granularity of up to
2.5x2.5cm?

* Prototype tested in beam

absorber LG layer

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

N
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FoCalL — FORWARD CALORIMETER ALTGE
Requirements:
«  Energy resolution: ~ <5% (EM) ~12% (hadron) Electron separation in FoCal-E
* Position resolution: ~ 5mm (EM shower)
« Required for two shower separation —90
a WO SNOWEE separdt £ [ ALICE FoCal-E Pixel
N “SPS H2.November2022 _ -~ | =85
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A Large lon Collider Experiment

ITS3 - UPGRADE OF THE INNER TRACKER

Replacing the inner barrel of ITS2 with a next-generation vertex detector

«  Pointing resolution = 15/x/X,

« Silicon only contributes to 15% of budget for the 0.8
ITS2 layers Other
«  Pointing resolution can be improved 0.71 : Z"a"’rr;n
— by removing material in the first layers e Aluminum
« Move from water to air cooling v . Kbpkon
) < E Glue
* Integrate power and data on chip c 05 Silicon
« Self-supporting structure i‘:: i mean = 0.35 %
» Reduce X/X, from 0.35% — 0.05% 5
— by moving closer to beamline 303
* Innermost layer from 22 mm to 18 mm g
radial distance from beamline x 0.2
0.1
0.0 4

0 10 20 30 40 50 60

ITS3 Letter of Intent: CERN-LHCC-2019-018 Atmeia angee L)

http://cds.cern.ch/record/2703140
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A Large lon Collider Experiment

ITS3 - UPGRADE OF THE INNER TRACKER

Replacing the inner barrel of ITS2 with a next-generation vertex detector

«  Pointing resolution = 15/x/X,
« Silicon only contributes to 15% of budget for the
ITS2 layers

«  Pointing resolution can be improved
— by removing material in the first layers
* Move from water to air cooling
* Integrate power and data on chip
» Self-supporting structure
* Reduce X/X, from 0.35% — 0.05 %
— by moving closer to beamline

* Innermost layer from 22 mm to 18 mm
radial distance from beamline

ITS3 Letter of Intent: CERN-LHCC-2019-018
http://cds.cern.ch/record/2703140
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ITS3 - UPGRADE OF THE INNER TRACKER
Detector design

* Novel vertex detector:
« Curved wafer-scale ultra-thin silicon sensors arranged in perfectly cylindrical layers
« 280 mm long sensor MAPS (Monolithic Active Pixel Sensors) out of stitched wafers (2
halves x 3 layers)
« Carbon foam rib to hold MAPS in place
« Based on 65nm CMOS technology ( Aglieri et al. https://arxiv.org/abs/2212.08621)

103
—— ITS2 standalone
truly cylindrical === ITS2+TPC
|TS3 detection Iay.r; o |TS2 standalone (full MC)
—— [TS3 standalone
r= ——- ITS3+4TPC
=107 4 ITS3 standalone (full MC)
i
5
[=]
o
g
5
'S 10! 1
g
“Future Monolithic Pixel Detectors in ALICE and Beyond”
1. - 100 T T T T T T T T T T
(F. Carnesecchi: 25/05/23 12:06) 005 01 0203 o5 3 S & 1o 20 30

Transverse momentum [GeV/c]
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=+ K- « Charm baryons
=C + Beauty-strange mesons and beauty baryons
» Dileptons (heavy-flavor background rejection)
100 g » Search for exotic charmed nuclei
§ gof ALICE Upgrade Projection 2 PpKx - 3 « Reduced inner radius
T [ 0-10%Pb-Pb V5, =55TeV . ] . .
2 gob- L= 101" E « Strangeness tracking (for charm-strange baryons, hypernuclei)

e - -
% F [ Uncertainty from signal and background estimation 7
o 70:_ [ Uncertainty related to branching ratio =
i 60:* BR uncertainty =
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sof - Belle: Phys. Rev. D 100, 031101 (2019) E — ALICE Upgrade Projection B, — D« € a5 Upgrade =

B - Fu-Sheng Yu et al 2018 Chinese Phys. C 42 051001 ] nio’ 0 10% Pb—Pb, v— 55 TeV ? % E = TS3 E

& * BR=1.135% =100 ] @ 0+ ITs2 -

L - L u

30 =c E | 251 + —

20 —f ) - ]

N B R S 3 ++ E

T R A S I ] C - = ] 15:—Ab —

2: a L o |TS2 i C ALICE Simulation ]

6l . i =l ] 1ok Pb-Pb, 5(_ 55TeV

o 5L — | g i . -

o 4l || 4H7 H ] [l = |TS3 - + L, = 10 nb", 0-20% ]

3 — I +o- + g —

21: _ 10"°|= £ Unc. signal estimation - 5:_ Ap— AT (A—pKT?) B

08 4 é s 1I0 12 1I4. E D l.Jnl(; bIa.Cklgro\undl esltlrr.llatiOTI L L L 1 ‘ L E : 1 1 1 I 1 1 1 { L L 1 I 1 1 1 ‘ 1 1 1 I L 1 L I 1 1 1 .

P, (Gevie) 0 z 10 15 % 4 6 0 12 14 16

p, (GeV/c) p; , (GeVic)

A Large lon Collider Experiment

ITS3 — PHYSICS PERFORMANCE ALICE
p
mt * Physics measurements that benefit from ITS3 upgrade
* Improved DCA resolution:

LHCP Conference — Belgrade | 25. March 2023 | R. Munzer | Goethe Universitat Frankfurt
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ALICE 3 : FUTURE

= ALICE

= i ALICE 1

Sl

> y .

(] "

i \ o

I =

—

&

o

I

<

©

s 10 ALICE 3

fe)

0

2 k ,,,,,,,,,,,

o

=

k=

z 1 >

1 10 100 1000
Acceptance (An) x Pb —Pb interaction rate (kHz)
2010-2013 2015-2018 2022-2025 2029-2032 2035-2038

ALICE 1 ALICE 2 ALICE 2.1

ALICE 3

LHCP Conference — Belgrade | 25. March 2023 | R. Minzer | Goethe Universitat Frankfurt 14



A Large lon Collider Experiment

ALICE 3 : FUTURE

c ALICE
Nature of interactions with QGP of highly energetic quarks and Z100l o t’f‘L'CE .
gluons § Sl
- Connection between parton transport, collective phenomenaand  (§ \ i ALICE 2
hadronization " ” ¥
— Precision measurement of beauty quarks ;:

*  What are the mechanisms of hadron formation in QCD?

i ALICE 2.1

— Systematic measurements of (multi-)charm, exotic /

10 | \ _ ALICES

hadrons
«  Chiral symmetry restoration

— Precision measurements of dileptons
*  QCD chiral phase structure

— Fluctuations of conserved charges
* Hadron interaction potential

— Hadron-hadron correlations 1 10
« Searches BSM

— Dark photons, axion-like particles in gamma-gamma, ..

Pointing resolution at n

100 1000
Acceptance (An) x Pb —Pb interaction rate (kHz)

2010-2013 2015-2018 2022-2025 2029-2032 2035-2038

ALICE 1

ALICE 2 ALICE 2.1 ALICE 3
15
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A Large lon Collider Experiment

ALICE 3 : FUTURE

Nature of interactions with QGP of highly energetic quarks and
gluons

Connection between parton transport, collective phenomena and
hadronization

— Precision measurement of beauty quarks
What are the mechanisms of hadron formation in QCD?

— Systematic measurements of (multi-)charm, exotic
hadrons

Chiral symmetry restoration
— Precision measurements of dileptons
QCD chiral phase structure
— Fluctuations of conserved charges
Hadron interaction potential
— Hadron-hadron correlations
Searches BSM
— dark photons, axion-like particles in gamma-gamma, ..

2010-2013 2015-2018

ALICE 1

LHCP Conference — Belgrade | 25. March 2023 | R.

ALICEZR @ ALICE

ALICE

A next-generation heavy-ion
experiment at the LHC

CERN-LHCC-2022-009
https://arxiv.org/abs/2211.02491v1

2022-2025 2029-2032 2035-2038

ALICE 2 ALICE 2.1 ALICE 3
16
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A Large lon Collider Experiment

ALICE 3 - REQUIREMENTS

Vertex detector with excellent pointing resolution
— Better then 3-4 yum @ 1 GeVi/c

Compact all-silicon tracker
— P+ resolution better than 1% @ 1 GeV/c

Particle Identification
— Clean background suppression

Large acceptance -4 <n <4, p;>0.02 GeVl/c
— Statistics and correlations

Superconducting magnet system: max 2.0 T
— Effective provision of required magnetic field

Continuous readout and online processing
— Large data sample to access rare signals

Luminosity Targets:
* Pb-Pb: 35nbt
° pp : 18 fb?

Absorber ECAL ALICE
Magnet

Muon chambers
FCT

TOF
Outer Tracker
Vertex detector

— Novel detector concept based on innovative
technologies relevant for future HEP experiments

— R&D started

LHCP Conference — Belgrade | 25. March 2023 | R. Minzer | Goethe Universitat Frankfurt
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ALICE 3 - VERTEX DETECTOR / IRIS

Conceptual study

3 layers of wafer-size, ultra-thin, curved, CMOS Active Pixel
Sensors — Ultimate performance
First layer at midrapidity: 5 mm from beam axis
Limited to LHC aperture at injection energy (16mm)
Unprecedent spatial resolution: 0, ~ 2.5 pm
Extremely low material budget: 0.1% per layer
Radiation requirements: 10 1MeV n,, /cm?
(ITS3 prototype already achieved 10> 1MeV n,, /cm?)

-
| / Retractable iris design

fé\1045 T T T T T T T T ||||||§
2 ALICE 3 study T ]
g m
= 10% n=0 R_=100cm 3
© E —— Layout V1 ]
I 22 —— ITs2 ]
o 107 | —— ITS3 E
'% S T ALICE 2 ]
S I ALICE 2.1 7
o 10 =
ik ALICE 3 § Ch
E ] [ ]
10—1 L 11 11111 1 L \IIH\J 1 1 IIIHJJ L 111111l .
102 107" 1 10 107
P, (GeV/c)

allenges:
Radiation hardness
Cooling & services

CERN-LHCC-2022-009

LHCP Conference — Belgrade | 25. March 2023 | R. Minzer | Goethe Universitat Frankfurt

18



A Large lon Collider Experiment

ALICE 3-OUTER TRACKER CERN-LHCC-2022-009

8 + 2 x 9 tracking layers (barrel + disks)
60 m? silicon pixel detector based on

CMOS Active Pixel Sensor technology
Compact: r,,, ~80cm, z,,, £ 4 m
Large coverage: + 4 n
High-spatial resolution: o,,,; ~ 5um (req. < 10 pm)
Relative p; resolution : ~1% over large acceptance
Time resolution: ~100 ns
Very low material budget: ~1% X, per layer
Low power consumption: ~ 20 mW/cm?

Challenges:

* Integration

« Time performance
« Material budget

LHCP Conference — Belgrade | 25. March 2023 | R. Minzer | Goethe Universitat Frankfurt
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ALICE 3 - PARTICLE IDENTIFICATION

Time of Flight detectors:
Separation power: L/O;oe

— Distance and time resolution crucial
— Larger radius results in lower p; bound

« Time resolution: ~20ps

« 2 TOF layers + endcaps
« Silicon LGADs or CMOS with gain layer
« Total silicon area : ~45m?2

v/c

T T ‘ T T T [ T T T | T

0.8

0.6

0.4

0.2

T T T | LI T

"7z 7 7 Pb-Pb, {5 = 5.52 TeV, Pythia8 Angantyr

. T T TR o r e, T i W
ALl Iy <L |

CERN-LHCC-2022-009

ayout vi, bTOF1 |p| < 1.44,B =2T

oo b e e b e o

olllll LI

Complement PID reach of outer TOF to higher p; with 1

1 10

p (GeV/c)
Cherenkov detector e/n
» Aerogel radiator —
«  n=1.03 (barrel) 0% s B
£~ RICHn = 1.006
* n=1.006 (forward) . =3 RICH n = 1.03
« Total SiPM area ~60m?2 T 004 g
8 8
& 5
1071
Challenges:
 Radiation hardness of SIPM - , , i
0 1 2 3 4
n

LHCP Conference — Belgrade | 25. March 2023 | R.

Munzer | Goethe Universitat Frankfurt

Cherenkov angle (rad)

=]

'llll]lllllIIIIIIII-IIIII-‘

0.05

0

1014

1072

ALICE

RICH

ALICE 3 RICH

Baseline layout

MB Pb-Pb at ﬁ =55TeV
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ALICE 3 - MUON AND PHOTON IDENTIFICATION ALICE
Muon Cham berS at Central rapldltv ,_0.3ATra0k -7good hit_distanceA at firsth/IID Iayet(muons)
optimized for reconstruction of charmonia down to p;=0 GeV/c <0 p>15 GeVic | 510"

. : ‘ml<1.5
« ~70 cm non-magnetic steel hadron absorber 02 LT

« search spot for muons ~0.1x 0.1 (nx @)
« ~5x5cm?cell size

« matching demonstrated with 2 layers of muon chambers 0 -
« scintillator bars i
« wave-length shifting fibers e

« SiPM read-out
» possibility to use RPCs as muon chambers

T IM T UM A M TR
Large acceptance ECal (21 coverage) Ag
critical for measuring P-wave quarkonia and thermal radiation via real photons
« sampling calorimeter (a la EMCal/DCal): Eol
« e.g. 0(100) layers (1 mm Pb + 1.5 mm plastic scintillator) i: S<py<10 GeVic
«  PbWO,-based high energy resolution segment X — J/wy

Forward Conversion Tracker

Measurement of ultra-soft photons

« Thin tracking disks in 3 < n < 5 inits own dipole field : .,
° Very low Pt photons (< 10 MeV/C) e T '3}5"' (ERES

0.6 0.65
Miye'e)-Mie'e) (GeVic®)

CERN-LHCC-2022-009
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ALICE 3 - EXPECTED PERFORMANCE

Measurement of D meson correlations

Goal: measure angular (de)correlations — direct probe of HF interaction with the QGP

« Strongest signal at low p+

« Very challenging measurement: need good purity, efficiency and n coverage

D — D azimuthal correlation

ALICE2/2.1

10°
‘T/-\ 120 [T T LN LN B B N N B B N RN B B B A I s
o | Expected ALICE 2 performance, L, = 13 nb! | he)
© - PYTHIAB.2, {s = 5.5 TeV, 0-100% central . ©
S~ -
o 100~ D°-D” azimuthal correlations, bkg-subtracted o 1
o 0 o°
@ 2- N pE' 4 GeVic,2<p” <4,y | <08 § s
- ©
Z|° sof- 23
ol _ T .
] = [=)
~ 2 B 4 - 2
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— L
- L
40
[ ]
20 II L h
OE L bl L ] ‘ LT
-1 0 1 4

Ag (rad)
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ALICE 3

x107°
T [ LA L R R S N L S B L L B B
ALICE 3 Study, L, = 35 nb!
N h > o
- FDHCII:GHC :g i PYTHIA 8.2, s, = 5.5 TeV, 0-100% central
o emataton D°-D° azimuthal correlations, bkg-subtracted

05 4GeVic, 2<p’ <4, |y | <4
po 2<pl <4,y

Pb-Pb / Pythia

T 1 LI I T ]
i i

I %l + + —— —
L t + 1 1 =]
Err T+ =
S ]
C Correl. unc. + 1.8e-04 (indep. c-cbar contrib.) .
C Unc. NS width + 18.0%, AS width + 3.8% ]
- Unc. NS yield £ 19.3%, AS yield + 3.4% =
C 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 ‘ 1 1 \—

-1 0 1 2 3 4

A (rad)

CERN-LHCC-2022-009

— Measurement in heavy-ion collisions only feasible with ALICE 3
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ALICE 3 - EXPECTED PERFORMANCE ALICE

Measurement of multi-charm baryon

- 10°F 4 . . . . . .
i Pb-Pb |s\=5.02 TeV 0-10% | « Discrimination power on the role of the various hadronisation
_-; 106 . ]
S LR N lyl<0.5 1 mechanisms
< 107 FD o 8 Qo IV j 4 . - . .
}\ 2 i |L// N'*-.‘:‘;"’r,/)_" :" » 3 ° - , -
S102f 0 S : In heavy-ion collisions at the LHC, large increase of multi-HF
- SN, L, i . .
S 18‘3 S e 2 1 baryons (~1000) expected via coalescence with charm quarks
F R, d ™~ . . i | . . -
© o5t N \ v raseed from different hard scatterings (N- ~100 in central Pb-Pb)
107} \ 1 2¢ (xg2) ?
10_7 . u,d,s only particles L . ‘]
10—8r — c¢ =1 particles ;H \I Te (>g.) ‘ &(—; E” HI'”'H”I”'"”'H”ll‘”‘l”ll‘”‘z &(:1600_— I I TrrrTTed _
10_9 g ¢ = 2 particles - -{ = 9005_ { Szz = = B -Q:c ]
1079 F —— c=3particles ;He ' § s e+t ALICE 3 Study = 2 1400[- Q'l' f ALICE 3 Study =
10" ¢ : : 7o) 7005_ bl o f Pb-Pb 0-10% PYTHIA E 0 E CC Pb-Pb 0-10% PYTHIA E
10712 SHMe, T_,=156.5 MeV o 3 5 " + 4.0 <p_(GeV/c) < 15.0 3 @ 1200 + 40<p, (GeVic) <150 —
i © 600F .0 Tesla mag. fie — c B 2.0 Tesla mag. field ]
10':2 I dG /dY‘O' 532 + 0 096 mb 7 g 500 é } 35 r12b01 -Izb-:f’b da?at'al::lg j § 1000— { 35nb" Pb-Pb da?alaking 7
0 ——— F article + antiparticle . - Particle + antiparticle -
10745 2 25 3 35 4 45 5 55 6 Paricl + endparicle 3 s g E
Mass (GeV) .t + E - | ]
- i 5 600 -
. EX* reconstructed in the channel 200 _ E x * .
Bt o it > Eowtwt 10 s i ittt i
« Q¢ reconstructed in the channel 0553 54 5556 57 58 89 4 ai 42 357 9637 38 4o JAar a2
QL - 0t 5t wt Ei2 mass (GeV/c?) Qg; mass (GeV/c?)

Q.. Studies ongoing

CERN-LHCC-2022-009
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ALICE 3 - EXPECTED PERFORMANCE

Precision measurement of dielectrons as function of mass and p;

Improved pointing resolution to reject & '0"g T T e

—bb - ee
+ L =5.6nb" 'measured
[]Syst. err. sig.+ bkg.

DCA.. <1.20

ee —

contribution and associated
uncertainty
— sensitive to p-meson spectral
function modification due to chiral
symmetry restoration

(&]
heavy ﬂavor % 10° - 0-10% Pb-Pb, {5, = 5.02 Tev — Rapp in-medium SF
% TOF+RICH (40, rej), B=05T Rapp QGP
i ifi H n% 10° 02<p. <4GeVic,ln|<08 cocktail w/o p
Significant reduction of charm s No bremsstrahlung included . ©©
E
£

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

= ==== vacuum p SF 7
[~ 0-10% Pb-Pb, ﬁ =5.02Tev ___ in med. SF w/ y-mixing 7
- TOF+RICH (40, re}), B=05T  __ . 1 oF wio y-mixing —
g 02< P < 4 GeVic, In | <0.8 { L, =56 nb’ measured E
B No bremsstrahlung included Syst. Uncertainties: 1
jorl DR =120 [ sig. ( 5%) + bkg. (0.02%)

1072

ALICE
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T T T T T T T T T T | T T T T T
ALICE 3 Study

T IIIIII

[ 6B (15%) + LF (10%)

ey -
-------

T \IIIHl
[ \IIIHl

Possibility for multi-differential e T e e T o = i
. _ ® ' ' ) ' ' ' ‘ 3] = 1.4
dielectron measurements 5 3 g 20
— time dependence of emission g b ---+—-}- e g o
_%" 0.92— —: 8 0:6 - L - , , . .
0 02 04 06 08 1 12 14 16 18 2 22 02 04 06 08 1 1.2 1.4
m,, (GeV/c?) m,, (GeV/c?)
R. Rapp. Adv. High Energy Phys. 2013 (2013) 148253
CERN-LHCC-2022-009 PM Hohler and R. Rapp. Phys. Lett. B 731 (2014) 103
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SUMMARY ALTCE

 ALICE came a long way in the investigation of QCD in extreme conditions
More to come in Run 3 and Run 4 after successful upgrade (ALICE 2)
* Further improvements planned for Run 4:
— FoCal: Forward calorimeter for measurement down to low x

— ITS3: Replacement of inner layers of ITS with novel silicon technology to reduce material budget
and improve pointing resolution

« Results obtained pose additional fundamental questions that require new heavy-ion detector at LHC

« The physics questions and proposal for next generation heavy-ion experiment (ALICE 3) have been
published in letter of intent in 2022

 ALICE 3 pioneers several R&D directions that can have a broad impact on future HEP experiments
(e.g. EIC, FCC-ee)

» Next steps for ALICE 3:
— 2024:. Scoping Document
— 2027: Technical Design Reports

LHCP Conference — Belgrade | 25. March 2023 | R. Munzer | Goethe Universitat Frankfurt
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THANK YOU FOR
YOUR ATTENTION
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ALICE
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FOCAL - FORWARDS CALORIMETER

PDFs determined from deep inelastic scattering, neutral
current of DY processes -> region of pertubative QCD

Linear equations for evolution towards higher Q2 («<DGLAP>»)
and towards lower x («BFKL»)

At vene lower x higher gluen desities (saturation) non-linear
equations become relevent («BJK/JIMWLK>»)

H1 and ZEUS
1 ! .
% e ) Perturbative region
17 =10 Gev*

0.8 —— HERAPDF2.0Jets NLO, fixed 1l‘l.\lil=l).“ﬂ J N
L uncertainties: 7 ~

- experimental g

[ modet xu, g’

[[] hadronisation 5 —_—
0.6 - Q=0

= S
DGLAP
041 xg
BKAUIMWLK  BFKL
P, ————— — ¢
. o \9 © ® <
02f "’U,b
’/o,,
> Aacp g T e
—_— L I SN S
1 10° 10° 10" 1 ’
log(x
. g(x)
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_:gm;

ALICE

28



A Large lon Collider Experiment

FOCAL PROTOTYPES ALICE

2010-2015 2014—218
— A e \ i
Y . -hic=

2018-2021 2019-2022
|gmm! [ ‘ oy

— 4 3 =y ¢ oV’ e/ energlés from 750 2V
ORNL / Japan prototype: Mini-FoCal (PADs only) MIMOSA pixel tower (EPICAL) ALPIDE pixel tower (EPICAL-2) FoCal-E and H prototypes
- NIM A 988 (2021) 164796 in beam at P2 JINST 13 (2018) P01014 NIM A1045 (2023) 167539 « final sensors and chips
Indian prototypes: arXiv:2209.02511 * close-to-final readout
- JINST 15 (2020) 03. PO3015 ( \
FoCal-E

* 18 LG Layers (Si Pads)
* 9x8 array
» 1cma2 resolution

« 2 HG Layers (Si Pixels)
« L5and L10
« 6 OB ITS HICs
e ~30um2res

FoCal-H

Current state of the
TB prototypes:

* 6.5cmx6.5cmx 110 cm

» BCF12 scintillating fiber

» 49 (central), 25 (sides) SiPMs
» 2/3 CAEN DT5202 boards

(0 Tungsten layers (~20 Xo)

[
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FOCAL -E PIXEL @ SPS TEST BEAM IN 2022 ALICE

ALICE
» Successful commissioning of FoCal-E PIXEL (ALPIDE)

2022 preliminary results - Layer 10 *Double and triple electron signature identified in
preliminary analysis

— 041 -
B F ALICE FoCal-E Pixel: |~ 20Gev :
- . SPS H2 November 2022. [ 1, gy * Distance between electrons here ~ 10 mm,
e = = Electrons : ; -
E ob- Layer 10 | 60Gev demonstration of a good two gamma separation
£ E | 80Gev
3 007F- |5 100 Gev
c‘-' : —_ = o V\Q T o
- |®1s0cev | E™FALICE FoCal-E Pixel | |+=%t E"FALICE FoCal-E Pixel :
b — ' - ; 250 G vao"sps H2 Nwe!“!’e"zo,&_ N _ AR, S I = ~ 'BO-SPS H2.November 2022 u oy L . e : 35'*
e 0.05 - : : i ’ eV > -Ego Ge\é elecionbeam |7 T T 208 = ?00 Bt:\é elecgoﬂ' be,am B ¢
L K a2 T eIt TSTEREETRE ST PRSI CETTIRRSRRSS T ri H H I ° - Layar b a
3 D B )l R et =
€ o.04af g 5% E ¢ 3
= = L) e i a L e 25°C
= - s E ke e
O'OGE 5n;~ 20% 50: ! 0%
0.02 E 3 - ' ] H
E e 152 40:- " 5
001: 30L . 30 :_. —-r B ;
800 1000 1200 1400 1600 1800 20 20F=- Fdal 1IN0
Number of pixel clusters T R L s o ;
E ke | Ao P ]
0 10 20 30 40 50 60 70 80 90
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ITS3 - LAYERS
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ITS3 — UPGRADE OF INNER TRACKER

Beam Tests:

ALPIDE telescope used for the
tests

Efficiency and resolution
consistent with flat ALPIDEs
Spatial resolution uniform among
different radii

Inefficiency
(number of non-associated tracks / total tracks)

ALICE

[
o
L

1072

1073

] ]
ALICE ITS3 beam test preliminary
@DESY 5.4 GeV/c electrons
Plotted on 29 Sept 2022
ALPIDE, Vpp =0 V

A R=30mm
B R=24mm
R=18 mm

99.9% efficient

99.99% efficient {

T —— T —— J

Threshold (e™)
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ITS3 — UPGRADE OF INNER TRACKER ALICE

 Beam Tests:
 ALPIDE telescope used for the tests
« Efficiency and resolution consistent with flat ALPIDEs
« Spatial resolution uniform among different radii

* R&D on the detector mechanics, sensor technology and readout
system ongoing
« Breadboard model 3 ready (Silicon based mock up with heaters)
*  Wind tunnel commissioned

ITS3 Breadboard model 3
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ITS3 — UPGRADE OF INNER TRACKER

 Beam Tests:
 ALPIDE telescope used for the tests
« Efficiency and resolution consistent with flat ALPIDEs

« Spatial resolution uniform among different radii 4;§g§l'ﬁ*’
P =

ER1 pad wafer

* R&D on the detector mechanics, sensor technology and readout
system ongoing
* Breadboard model 3 ready (Silicon based mock up with heaters)
*  Wind tunnel commissioned

+ Wafer-scale sensors from Engineering Run
* Frist MAPS for HEP using stitching
* One order of magnitude larger than previous chips:
* 14 x256 mm
*  6.72 MPixel
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ITS3 - PERFORMANCE

e Study beauty-quark hadronisation mechanism

* BY production expected to be enhanced

® hadronisation of beauty quarks via recombination and enhanced
strange-quark production in the QGP

B! - D;a* — ¢n~at - KK z~z*

o 20
(]

Expected significan

L=

o

.

=)
TTTTT T

s ®
TTT T T

- ALICE Llp':grade Projelctioﬁ

- 0-10% Pb-Pb, |s,, = 5.5 TeV
L, =10nb"

—
B: — D, n™]

o [TS2

a2 m ITS3

)
TTT

[ Unc. signal estimation
[ Unc. background estimation

L

15
p_(Ge

Vic)

* |mprovement by a
factor 2 in significance
with ITS3

* provide access to B’
measurement at very
low pr

PLB 735, 445-450 (2014)

I L AL AR R R
3.5ALICE Upgrade Projection
[ 0-10% Pb-Pb, |s, = 5.5 TeV
[ _ =1
3,0: L., =10nb Bg—bD; -
. ITS2
250 . ITS3
C .~
2.0/ \\ TAMLL
—-B ]
1.5 _%\_ === B (non-strange) J
L . \\
10pr="—"ne % .
05F $=‘_—“‘—---E
Erauls Liisl

| dNaa/dpy
Ran = ’
<Ncn]]) depfde
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ITS3 - PERFORMANCE

D.* reconstruction

S

o 0.25

0.20

P ; ey
ALICE Upgrade Projection
0-10% Pb-Pb, |5, = 5.5 TeV

3 N
Ly=100b Non-prompt D;
0.15}- ITS2 .
e |TS3
L TAMU
0.10 : — - Non-prompt D;
(7] === Prompt D]
0.05
0.00/
20008E .10, | oy PRI,
0 2 4 6 8 10 12 14 16 18 20
P, (GeV/c)
i L T T T
o 25_ALICE Upgrade Projection =
} 0-10% Pb-Pb, |/s,,, = 5.5 TeV
L, =10nb"

1.5

1.0~

9 ITS2
¥ e ITS3

0.5~

|
adadaaal

Non-prompt D:

TAMU )
* — - Non-prompt D'
* == Non-prompt

aaad s deaadaad aa o ad sl i)
2 4 6 8 10 12 14 16 18 20
P, (GeV/c)

ALICE

DY = ¢pn* - K'K™n"

Ko K+
- Prompt
do#0
Dy' 9 K-
K |
“do=0 “ B Non-prompt

Non-prompt DS from B decays:

> even if not direct measurement, sensitive to B
» larger statistical precision than exclusive Bg reconstruction

Comparison between non-prompt D. and non-strange D
mesons sensitive to beauty-quark hadronisation and
strangeness enhancement

Non-prompt DT azimuthal anisotropy

» Participation of beauty quarks in the collective motion and possible
thermalisation in the QGP
» Information about beauty-quark diffusion coefficient in the QGP

ITS3:

» sensitivity to discriminate azimuthal anisotropy for prompt and
non-prompt D (charm vs. beauty)
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WHAT MAKES ALICE 3 UNIQUE ALICE

« ALICE 3 will have unique capabilities for the reconstruction of quarkonium states down to p; = 0 and excellent
performance for low energy photons (0.5 GeV and below)

— high rates, wide acceptance (both in n and p)

. (0pca) Of ALICE 3 is about 4 um (comp. 30-50 um (ALICE 2) , 50-60 pum (CMS) similar kinematic range
— A, and A , identification

« Azimuthal DD correlations measurements that provide unique direct access to heavy quark interactions with the
QGP (low material budget)

. Unique p; reach not only for quarkonia, including P-wave states with photon detection in the calorimeter
— Muons downto py ~1.5GeV/icatn=0 (ATLAS/CMS: down to pT = 3—-4 GeV/c)

* The photon conversion tracker that is proposed as a part of ALICE 3 provides unique access to very soft photons, to
test fundamental aspects of field theory in this regime

LHCP Conference — Belgrade | 25. March 2023 | R. Munzer | Goethe Universitat Frankfurt

37



A Large lon Collider Experiment

SILICON LAYERS REQUIREMENTS

Vertex Detector
Detection efficiency (%)
Spatial resolution (um) 2.5

Time resolution (ns)

Fake hit rate

(pixel-1 event-1)
Power consumption

(MW cm-2) 70
Non-ioninsing energy loss 1%1016
(1 MeV ngq / cm?)
Total ionising dose (kGy) 3000
Pixel size (um?2) O(10x10)

Middle Layers
>09
10
100
<108
20
2x1014
50

O(50x50)
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Outer Tracker

6x1012
2

O(50x50)

38



Detection efficiency (%)

A Large lon Collider Experiment %

IRRADIATION TEST ALTGE
1 ' IS3 103
= 77777 doi.org/10/48550/arxiv.2212,08621
PTS, Vsup = -2.4 V
95 102 i i °
","-\ DPTS, 15 pm pixel pitch [@Fxe
H v —#— Detection efficiency
90 *-\ 101 T -#- Fake-hit rate
Ny X
o
85 100 "5
\ ALICES G
- - - o
80 107! <
<
ITS3 © L I—
75 1072 - 1077 IMeV neg cm_
R 3xITS3
nsitvity Imit
70 10—3

75 100 125 150 175 200 225 250 275 300 325 350

. Performance at sub-zero

temperatures?
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SPATIAL RESOLUTION

7.5 _______________________________________________________________25&{2’\1\_1_2 4.5

6.5 1 ’ - 4.0
- L _20pmp12]
55 F3.5 %
3 —¢ o
c I
.8 4.5 - t5umiri2f 3.0 '»
= A L e 5
T2 7
(@) g g
_;g: 3.5 - L2.55

(v} —

I'.D 10 pm/vV12 81
- I S D I B ©
g

5/./l‘/""""I-T\ECE ITS3 beam test preliminary
~ @SPS October 2022, 120 GeV/c hadrons

1.5 5:%::?_ @PS August 2022, 12 GeV/c hadrons F1.5
&2 :::E%E;;‘§§==a~ _ Plotted on 27 Mar 2023
T - FIEEE %%%E%%Eﬂ! T
0.5 Association window radius: 75 pum. Plotting for thresholds above 3xnoise RMS.” =~~~ ~ ¥ 1.0
' 100 150 200 250 300 350

Threshold (e™)

ALICE

APTS SF
Non-irradiated
type: modified with gap
split: 4

Ireset = 100 pA

Ipiasn =5 HA

Ibiasp =0.5 HA

Ipiasa = 150 pA
Ipias3 =200 pA
Vieset = 500 mV
pre!.' =Vop=-12V
T=20-°C

—— Spatial resolution
-#r- Average cluster size
—#— Pitch = 10 um

—¥— Pitch = 15 um

—$— Pitch = 20 um

—4¢— Pitch = 25 um
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TRACKER EXAMPLE «MAPS»

MAPS foils — chips within printed circuit boards

* «Novel» concept (revised and update from 2012)

» Will be studied further as an option

5 pm Cu

50 nm Au 50 pm polyimide

300 pm-wide Al pad Ni/Au 2.5 um Mi place- 25 pm epoxy glue lami- H L I C E
plating ,_=_| ment nation
50 pm Si MAPS o - m
180°C
vacuum
150 pm-wide opening
hole
patter- polyimide| glue
ning disolv. etching
—_— _— —_—
EDA H2504
anisotrop. isotrop.
trace
patter-
Cu plating ning
carben
electro Cu

CI’OSS-SeCtIOI‘] part

thickness
_’: E:Q plating 13 pm
e~ . Cu gladding 5um

Polyimide

- Mmetal stack

pad: 300 um silicon 45 pm

ue

Polyimide

total: 213 um

MAPS sensor
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PIXEL SENSORS

1. ThinnesLCAD sensors First very thin LGAD prototypes
o 25 and 35 pm thick prototypes produced by FBK
o excellent time resolution < 25 ps 25 um and 35 um -thick
© sensors of 10 pm in preparation FBK single channel

Area = 1x1 mm?
2. CMOS sensors with gain layer

o back fi found
Sensors bacicirontioundry tandard sensors produced by HPK

50 pm -thick HPK |

single channel |
(W42 & W36 with different |
doping concentrations)

O preparations of test beams

High Resistvity Si
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SantaCruz single-channel LGAD
read-out board V1.4 SCIPP
08/18 (Gampllﬁer 24 6)

+ Second stage external amplifier
(Gamplitier ~11-1 4)

St

ALICE
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PARTICLE IDENTIFICATION WITH TOF

Separation power L/Orq
— Distance and time resolution crucial
— Larger radius results in lower p; bound

2 barrel TOF layers (|n| < 1.75)
« Outer TOF at r = 85cm, surface: 30 m?, pitch: 5 mm
* Inner TOF at r= 19 cm, surface: 1.5 m?, pitch: 1 mm

1 forward TOF layers( 1.75 < |n| < 4)

* |nner radius = 15 cm, outer radius = 50 cm, z ~405 cm,
surface 14 m2, pitch: Imm to 1 mm

Silicon timing sensor:

CMOS sensor with gain (baseline)

. R&D in monolithis CMOS sensors with
intgrated gain layers

Conventionl LGADs (fallback) —

* R&D with very thin sensors ARCADIA

v/c

== 2 . Pb-Pb, \'s,,, = 5.52 TeV, PythiaB Angantyr

T e S na 5
0 il P R TP SR 1l B, < TS e B ST

10~ 1 10
p (GeV/c)

Oror < 20ps

Total silicon area ~45m?
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pr(GeV/c)

101 4

10° 4

10!

102

pr(GeV/c)

e/n

ALICE

e/

iTOF
A oTOF

10 4

100 4

101

102
0

/K

n/K

iTOF
771 oTOF

N 4
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PARTICLE IDENTIFICATION WITH CERENKOQOV ALICE
e/n

elm
_’.‘; T T 1T l T T T L SR AR ll T iTOF
= i ALICE i
Complement PID reach of outer TOF 3 o3~ St S 10 72 oToF
) . o ‘ LR ] £=3 RICH n = 1.006
to higher p; with Cherenkov detector S o of Po-PD. {0 =552 ToV. Pythi Angary n o RCHb =108
— Ensure continuous coverage with the TOF 2 | s T 0o
B 7 = Y T I LR LT ) Y .'.'.'.+. y-
5 o2 4 8 S
Aerogel radiator O B ] E  CEEELL Ll R T
Refractive index n = 1.03 (barrel) E ] 10-1. pee]
Refractive index n = 1.006 (forward) 0‘15:— B
R&D on monolithic silicon photo sensors 0.1~ - i
i 10 ;
i | 0 1 2 3 4
0.051 - n
Lp E 3 ]
Single layer aerogel Ofoo.e’ ,  ol— Lial L i iagl . ]Z./K n/K
B %, 1 ° (GeV/c) g
P 10" 4::+ 71 oTOF

=3 RICH n = 1.006

100 .

.....

pr(GeV/c)

- Total SiPM area ~60m?
i aerogel radiator

10714
L=2cm d~20cm ' /
%

1072
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MORE ON PARTICLE IDENTIFICATION ALTGE
Large acceptance Electromagentic calorimeter (2pi coverage) ; _ 5<p <10 GeVc
* Pb-Scintillator sampling calorimeter + at n = 0 crystal calorimeter Xes = J/wy

* Photons + high p electrons identification
« Critical for measuring P-wave quarkonia and thermal radiation via
real photons

Muon ldentifier

« Absorber + 2 layers of muon detectors
* Muons down to p;y2 1.5 GeV/c _
- Scintillator bars with SiPM read-out =+
» Possibility to use RPs as muon chambers

0as 03 0@ 04 048 oS 0E 0e —0es
Miye'e)-Miee) (GeVic®)

Track - good hit distance at first MID layer (muons)

p>1.5GeV/c | 510
<15 1

Forward conversion tracker o
* Thin tracking disks in 3 < n < 5 in its own dipole field
* Very low p; photons (= 10 MeV/c)

107

-0.1

-0.21~

TR . | L
O'—%.G -0.2 -0.1 0 01 0.2 03

1
Ady

Search spot for muons ~0.1 x0.1 (nx @)
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ALICE - R&D PROCESS

Silicon pixel sensors

» Thinning and bending of silicon sensors
Expand n experience with ITS3

» Exploration of new CMOS processes
First in-beam test with 65 nm process

* Modularization and industrialization

Silicon timing sensors

» Characterization of SPADs /SiPMs
« Firsttestin beam

« Monolithic timing sensors
* Implement gain layers

Photon sensors

Monolithic SiPMs
Integrated read-out

Detector mechanics and cooling

RE&D v Exend ALICE Coidplate concept to large surface carbon fibre ulralight subsirate embedding polyimice pipes

N

Mechanics for operation in beam pipe
Establish compatible with LHC beam

Minimization of material in the active volume
Micro-channel cooling

- R&D

Alice ITS R&D study

R&D

Y

High Resistivity Si
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U

O

Large surface (>1.5m)
several parallel pipes (>4 pipes)

v pipe-less cold}:late (NEW concept) Microvascular cooling groves network embeddad in Carbon substrate

Therma-plastic (PLA) sacrificial malsrial , removed after curing

VaSC (Vaporization of Sacrificial
Components)
1. Modified PLA ded in CFRP pref

2. Co-cursd with CFAP part
3. Vaporizalion step alter curing (Vacu

ALICE
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MAGNET FIELD CONFIGURATION ALICE
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PARTICLE IDENTIFICATION

Time of Flight detectors: Silicon timing sensors
Separation power L/0oe

— Distance and time resolution crucial

— Larger radius results in lower p; bound

« 3 TOF layers ; Total silicon area : ~45m?

v/

Complement PID reach of outer TOF to higher
pr with Cherenkov detector

* Aerogel radiator

« Total SiPM area ~60m?

Large Acceptance EmCal (21 coverage)

» Pb-scintillator sampling calorimeter

« Crystal calorimeter at n~0 1014
Muon ldentifier 3

» Absorber + 2 layers of muon detectors v

* Muons down to p;= 1.5 GeV/c 1071

100§
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= o3l ALICE 3 study ]
% L Layout v1, bRICH [n| < 1.44, B = 2T
% L Pb-Pb, |s,,, = 5.52 TeV, Pythia8 Angantyr _|
8 0.25_— e ) ; i
X S
c -
>
8 o2 / )
o F
0151~ ; | RICH
0.1 J
- “Layout v1, bTOF1 |7] < 1.4, B = 2T 0.051- -
. [% - < Pb-Pb,\s,, = 5,52 TeV, Pythia8 Angantyr r
1l PR R TR A R <A i M AW o‘ | i |
10™" 1 10 1 10
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e/nr K
iTOF iTOF
ZA oTOF 10 fo 71 oTOF
£= RICH n = 1.006 ~. =23 RICH n = 1.006
3 RICHn = 1.03
T g0 B
%
2
&
10-1 4
T 1072 -
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48



A Large lon Collider Experiment

ALICE 3 PHYSICS PERFORMANCE
Beauty Physics

Significance(30)

2

-t
OOJ

B+ reconstruction

ALICE 3 Study, no PID
Pb-Pb |5y, = 5.52 TeV, 0-10%
L, =35nb"

B" =D x,lyl <1.44

10| B .‘:l_) - |1|0| B |1|5| - |2|0| B
P, (GeV/e)

0.3

estimated v,
bt
ha

o

Ny elliptic flow, v2

(B

ALICE

| 1 |
ALICE 3 Study L,_, =35 nb™
PbPb |5, = 5.5 TeV 30-50%

Ap = ATT(AL = pK), lyl<1.44

= ALICE 3
ITS3, L, =10nb"
ITS2, L, =10nb"

—— +
| | 1 1 1
5 10 15 20 25
P, (AL) (GeVic)
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ALNE Codl. ovXiv: 221102491
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PREDICTIONS FOR MULTI-CHARM BARYONS ALICE
http://arxiv.org/abs/2305.03687

10'} 10'
* New paper: charm transport + hybrid o0 o0
hadronization with coalescence + fragmentation
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ALICE 3 - PERFORAMANCE ALICE

Heavy-flavor exotica: C-deuteron measurement

ﬂ FTY'."Y'Y!III|'TY'T.”Y1]!YI'I]'.'.'YTIIII'YY?."YIYY;
~ ALICE 3 study ] — +
§ I Layout v1, Iyl < 1.44 Cd —_ d + K + T
" PYTHIA 8.2 Angantyr, Pb-Pb {5y, = 5.52 TeV
10° |~ — Signal -
L = Primary background .A‘ :
| = Correlated background g % - ]
L . y / x\‘ 3
. S/B=041 : '/y“ ( + ‘|} -
- Significance = 51.2 ’ \ - /‘ .
\\\‘ __//"' - - .
: » First observation of a charmed nucleus feasible
c-deuteron
| w ‘#ﬁ « Extremely high significance if assuming the yield
o :4“{;& ,;‘;“,ﬁ I%' ¥ of the c-deuteron to match SHM expectations
y 1Y) | ‘ 1|
g 1R S PR PR NN

Invariant mass (GeV/c?)
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ALICE 3 PHYSICS PERFORMANCE

Precise di-lepton measurment
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ALICE

P Spectral function of low mass dielectrons
determined with 6-8% unc. in the region
0.4< Mee £1.3 GeV/c2

2 Chiral mixing produces a 20-25% change
versus vacuum spectral functions (0.8< mee
<1.2 GeV/c?)

2 ALICE3 can observe chiral mixing effect and
together with more differential
measurements (dielectrons v;) constraint
the modification of a; spectral function
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BSM SEARCHES IN ULTRA-PERIPHERAL COLLISIONS

ALICE
Ultra-peripheral heavy-ion collisions (UPC): clean environment + huge Z* = 5 - 107
enhanced gamma+gamma rate w.r.t. pp
. . . Pb Pb® p,Pb p,Pb
+* Searches of BSM particle coupling ,
predominantly to photons: modifications of v )
the light-by-light scattering rates from virtual
corrections from heavy particles (magnetic
monopoles, vector-like fermions, dark sector Y : y
ticl
particles) o PO p,Pb p,Pb
. . _ , Pb 7 Pb
** Precision measurements of EM couplings of SM particles: anomalous c
magnetic moment (g-2) of the tau Y
T
Challenge for ALICE 3: acceptance for tau and light-by-light U T
scattering down to low py? A
Ph Ze Ph
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BSM SEARCHES IN UPCS ALICE

» Ultra-peripheral collisions (UPCs) are
dominated by photon-photon and photon-

S
Em_ nucleus interactions. Provide for a clean
s LHC environment for axion-like particles (ALP)

(PP) studies

« Searches via yy—a—yy process. Signal
would be visible as a peak in the diphoton
mass distribulon

« Performance on the estimated produclon
cross-section given as mass and recast limit
in the plane (m_,1/A,)

Beam-dump

1021 R
1072 107" 1 10 10° 10°

m, [GeV]
ALICE Coll. arXiv:2211.02491
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ITS PERFORMANCE

rg pointing resolution [um]

, Impact parameter resolution
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