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ALICE timeline

High Ium|n03|ty for lons HL LHC ‘

Run 3 Run 4
2022 - 2025 2029 - 2032
ALICE 2.1
upgrade

I Seetalkof Yvonne Pachmayer Absorber — ECAL

Magnet RICH
Exploit the high luminosity potential of the LHC !
Address remaining fundamental questions

Muon chambers
FCT

ALICE 3
— First ideas at Heavy-lon town meeting 2018 D.Adamova et al. ArXiv:1902.01211

..... .
X

— Letter of Intent: March 2022 ALICE CERN-LHCC-2022-009
» Recommended by the LHCC _
e Strong German contribution = TOF

* Broad interest expressed by the international community Outer Tracker
Vertex detector

— Next step: scoping document (end of 2023)
* First funding scheme

Goethe-University Frankfurt Raphaelle Bailhache — Intermediate ngrade — 2


https://arxiv.org/abs/1902.01211
https://cds.cern.ch/record/2803563?ln=de

ALICE 3

» Compact all-silicon tracker with high-resolution vertex detector
* First layer at 5mm (ALICE 2 Run 4: 18 mm)

- Particle identification y, e*, u=, K=, 7~

- Over large acceptance (—4 < 7 < 4)
* Down to very low pr

— Absorber — ECAL

Muon chambers Magnet RICH

FCT

Improved pointing resolution
and effective statistics (Run 5 + 6)
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Super-light vertex detector

Need latest silicon technologies being developed by ALICE !
Curved wafer-scale ultra-thin (< 50 ym) silicon sensors

10-1-

» Perfectly cylindrical layers : . .

with Tower Partners Semiconductor 65 nm ) 0s°

810 ; 9? A): TS

* No need of big support structures Eg oz ° oy

— Reduce material budget by O(10) §§ 103 99.9% 255 3

Verifiod 1 < g efficient |||
* Verified that it works ! £ B

-5 0

with Desy testbeam facility Tguot 99,99% 127

Technology relevant for other fields..... o cocm wmus >
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Threshold (e ™)

NIM-A 1028, 2022, 166280
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ALICE 3 detector concept

* Vertex tracker: excellent pointing resolution * Electromagnetic calorimeter + Photon conversion method
Needed for heavy-flavour (rejection/reconstruction)

* Vertex detector (3 first layers/disks)
Retractable IRIS tracker inside of the beam pipe
* Outer tracker (8 layers/ 2x9 disks)

¥ detection for P-wave quarkonia, ¥ radiation, jets

* Muon identification
J/yr detection for P-wave quarkonia, exotic hadrons

* Time-of-Flight and Ring-Cherenkov detectors _
« Hadron identification for heavy-flavour hadron decays, * Forward Conversion Tracker
and net-baryon measurements Ultra-soft photons

« Electron identification (with ECal) for eTe™

ALICE 3 overview

z (m)
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Selected physics tOpICS G
Electromagnetic radiation

hadronic phase
QGP and e’ and freeze-out

hydrodynamic expansion
e+x v s ..-4 oY

initial state
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pre-equilibrium

exp( m, / T)

Thermal radiation from the QGP
— Access to early average QGP temperature

mLSSLOWn » ol
Late e Eartj emission
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Selected physics topics
Electromagnetic radiation

®_hadronic phase ¥ Dielectrons mee spectrum

QGP and e*
initial state e+derodynamic expansion

e -
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pre-equilibrium

Thermal radiation from the QGP
— Access to early average QGP temperature

Real challenge at LHC energies !

v

—p (\QQ\V c)

— Very efficiently suppressed thanks to pointing resolution 1 o Mee

Large background from heavy-flavour hadron decays (cc)

mLSSLOWn » ol
Late e Eartv emission
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Selected physics topics
Electromagnetic radiation

%%3

QGP and Pieleckrons wice spea&ruw\

initial state e+lxdrodynamic expansion
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pre-equilibrium

Thermal radiation from the QGP
— Access to early average QGP temperature

Real challenge at LHC energies !

Large background from heavy-flavour hadron decays (cc)

— Very efficiently suppressed thanks to pointing resolution | ote emission mt eV
Large combinatorial background Early emission

— Very efficiently suppressed thanks to low p tracking + material budget
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Selected physics topics
Electromagnetic radiation

Thermal dielectron m,. spectrum

ALICE 3 projection, one month Pb—Pb = 400
‘c,_q\ 10 §I [ | | | | | | | L | L | L | [ | [ | L | I§ %’ i ALICE 3 Study : :
g | ALICESStudy { L =56nb" - < | 010%PbPb,|sy=502TeV T :
o - int . b~
2 - 0-10% Pb-Pb, |5, = 5.02 TeV N . 350 L =56 b’ 1 -
< 1= Syst. Uncertainties: = I e e Sl o
-O$ E ' 5%) + bkg. (0.02% ; I \'\((\ : :
g B SIg. ( o) + g. ( . o) i 300b ____ _-
S0 CT (15%) + LF (10%) = ]
ECD E‘m+“. — Fit of the spectrum E 250: —:— —:
T 102 o ~ 3 ;
— "'o. — 3/2 ‘ - - -
~ oo, dN /dm ee ) GXp( Me / ) ‘ oool- FitRange: 1.1 < mg, <1.8 GeV/ic? T ]
B S - - e T, (stat. unc. only) : -
10 E — Tea : :
E [ —— E 1 blllllllllllllllllllIllllllJllIl- .
B —— % 05 1 15 2 25 3 0-4
1074 = . o Pr o (GeV/ce)
_I L L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 I— Fit Of mee SpeCtrum %Average temperature
g New with ALICE 3: fit for different p .. windows
o
S — Probe time dependence of fireball T
© .
© Not accessible before Run 5

m.. (GeV/c?) Complementary measurements with real photons
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Selected physics topics
Deconfinement and hadronization

%W‘;

Nucleus-nucleus collisions

? 10—2=_IIII| | | | IlIIII | | | IIIIII _

Until end of Run 4: single-charm hadron measurements Sl F Single -
New with ALICE 3: multi-charm baryons ~ 107 Parton =
25 - Scattering -

> — _

Unique probe of hadron formation ! BlI® 107 =

- ¥ .

 Require multiple charm quarks 10° =

* In pp: very small contribution from single parton scattering 10°E =

* In nuclear collisions: 10-7;— ; : ﬁZl”[f’;"S’S(Ch‘”t ;ﬂ”fﬁ.ffil,flm—;
High density of charm quarks . %— paCD SPS (Phys. Rev. D57,4385) =

— Much larger multi-charm population predicted by 107 ; — ""1'0 — "'1'(')2 —

Statistical Hadronisation Model A
Determine the degree of thermalisation of ¢ quarks

Goethe-University Frankfurt Raphaelle Bailhache ! 1 O



Selected physics topics %
Multi-charm baryon reconstruction

@ One reconstructed 2" decay in the ALICE 3 tracker
w | €
| £

— B+ 77"
=T —> BT+ 277

First ALICE 3 tracking layer at 5 mm:
« Track strange baryon (=7) before it decays
« High selectivity thanks to pointing resolution of = baryon

— Unique experimental access with ALICE 3 in Pb—Pb collisions

>\‘

Expected significance for 77, Q" in Pb—Pb

| | I 1 I I I I | | I I I I I I I I I 1 I l I I | I ]

Significance

-
o

IIIII| T TTI
|

=+t
1= =cc |

+ — \
—— — \
QCC _ 1 ] | ] ] ] | ] ] ] | ] ] Al |

ALICE 3 Study E 0 2 4 6 |

Pb-Pb 0-10% PYTHIA

OE ot ot X (cm)
. L. =35nb" . : —_——
B 7 (|
Tracking of = (gt @&
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Selected physics topics
Nature of exotic bound states

Projection for DD+ momentum correlation

+ .
I'¢. discovered ALICE 3 upgrade projection
in July 2021 by LHCb CERN-EP-2021-165 — lyl<4 Model
- odels

— 1 fm (pp) Incredse
- - g;m source-size
i — — 5 fm (Pb-PDb) |
% - Simulated data
i . pp, L =181fb )
= Pb-Pb,L_=35nb"

CDOD*+
S

N W A0

RN ol At ]
Distinguish between the two cases /f ”””” i
using two particle momentum correlation :_* _
4x107" 7
C(k) = [&rS(r) ek, r)P 107y |
2 - 0—1 | | | | | | | | | | | | | | | | | | | | | | | |
connected to source function/size and two-particle wave function 0 0.1 0.2 0.3 0.4 0.5

Relative momentum k* (GeV/c)

e = 1/2| P, = Py,

Behaviour of C(k™) — Get information on interaction potential

Possible with ALICE 3 thanks to pointing resolution + large acceptance

ALICE CERN-LHCC-2022-009
FSP meeting, 29.09.2022 Raphaelle Bailhache 1 2



Selected physics topics
Ultra-soft y production

. Lk — Absorber — ECAL

P p-k +k 7 RICH
D1+Dr—p3+patk 1’3 plm%i’& Muon chambers Magnet C
P by p; P, |

Y produced via inner bremsstrahlung

 Not understood
* Cross section computable with Low-theorem

 Large excess observed at lower \/E In association with hadrons

« Systematic study proposed with ALICE 3

 Dedicated Forward Conversion Tracker TOF

Outer Tracker
Vertex detector

* Measurements planned in different colliding systems:
* Pp = ppr Ty
« pp = ppJ/yy — ppete Ty (x purely leptonic final state)

* Inclusive pp collisions (for # charged particle multiplicity) _
J 4 Forward Conversion Tracker (FCT, 3 < # < 5)

Measure ys with 1 < pr < 10 MeV/c

Goethe-University Frankfurt Raphaelle Bailhache ALICE CERN-LHCC-2022-009 1 3



ALICE 3 timeline

2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039 | 2040 | 2041 | 2042
1 Mm[s | m|s | MSJWSJ MlSJ MISJ MISJ M‘SJ MISJ MlSJ MISJ MlS_J MSJlMSJlMSJlMSJIMS JlMS JlMS JIMS JWS
T

RUN3 [ | ~ | runs | 1ss' | Rune |

LS3 | [ rRuna [ ]
ALICE3
engineered

ALICE3 selection of
ALICE technologies,
3 Lol Jconcept prototypes,
R&D (25% funds)

ALICE3 construction and testing +

1 y contingency ALICE3 operation

prototypes,
R&D (75%

funds), TDRs

— Absorber ECAL

Muon chambers Magnet RICH

FCT

Planned contributions in Germany:

— Quter Tracker

— Forward Conversion Tracker

TOF
Outer Tracker

Vertex detector

Goethe-University Frankfurt Raphaelle Bailhache 1 4



Bundesministerium

German ALICE teams ) FSPALICE *

Erforschung von
Universum und Materie

* Uni Bonn. Bernhard Ketzer
* Uni Frankfurt (Physics) Harald Appelshauser, Henner Blsching

* Uni Frankfurt (Comp. Sc.). Thorsten Kollegger, Volker Lindenstruth

* Uni Heidelberg Johanna Stachel
e TU MUnchen Laura Fabbietti
e Uni MUnster Anton Andronic
Darmstadt
o Heidelberg
e GSI Silvia Masciocchi

HELMHOLTZ

Goethe-University Frankfurt Raphaelle Bailhache



Outer Tracker

e MAPS-based tracker

e 60 m?active surface
— module needs to be industrialised

ITS2 = the largest MAPS detector at the moment
10 m2, 5 institutes busy for 3-5 years

Layer Material Intrinsic Barrel layers Forward discs
_ thickness resolution Length (+z) Radius (r) Position (|z])  Rin Rout
« Low material budget (1% X, per layer) (%Xo) ~ (um) (cm) (cm) (cm) (cm)  (cm)
— Reducing power consumption critical 0.1 2.5 50 0.50 26 050 3
0.1 2.5 50 1.20 30 0.50 3
0.1 2.5 50 2.50 34 0.50 3

* 10 um position resolution
(Not too stringent - choice of larger pixels to reduce power)

N

—_—0O O 00~ ON D & W IR — O

. p— p— p— p— p— p— — p—
h b h b h hh b

Current version (ALICE 3 Lol) 00>
Goethe-University Frankfurt Raphaelle Bailhache ALICE CERN-LHCC-2022-009 1 6



Forward Conversion Tracker

0.6
0.5
e Thin tracking disks to cover 3 <1 < 5 -
* Few %o of a radiation length per layer
» Position resolution < 10 ym Eos-
0.2 -
- In a dipole magnet (B, ~ 0.37)
0.1 -
0.0

* R&D programme on:
e Minimisation of material in front of FCT
* Large area, thin disks

e Operational conditions

Goethe-University Frankfurt

Current version (ALICE 3 Lol)
ALICE CERN-LHCC-2022-009

-
———
-

~ -
-~ -
—~—

~~~~~~~~~~~~~~~~ =4 g
Tttt n=5 | T ] \\““\\
, | e ] [T
-5 —4 -3 -2 -1 0
z (m)
Layer z(m) rpip (M)  rpax (M)
0 -4.50 0.05 0.45
| —4.54 0.05 0.45
2 —4.58 0.05 0.46
3 -4.62 0.05 0.46
4 —4.66 0.05 0.47
5 -4."70 0.05 0.47
6 -4.90 0.05 0.49
7 -5.10 0.05 0.51
8 -5.30 0.05 0.53
9 -5.50 0.05 0.55
10 -5.70 0.05 0.57
Raphaelle Bailhache 1 7



time tn front of us

obrigkeit Chinellato



19



Outer Tracker

Main building blocks

e Modules:
e Sensors interconnected and bonded
to a high thermal conductive substrate
e Assembled in staves structures

* Support elements:
* Mechanical support, alignment, cooling,
electrical connectivity

ALICE 3 tracker environment

Hit density decreases by O(10%) from layer 0 to 10

Bandwidth dominated by the vertex detector
* Noise performance critical for the outer most layers

Current version (ALICE 3 Lol)

Goethe-University Frankfurt

ALICE CERN-LHCC-2022-009

Bandwidth - Radiation tole

ayer Radlus Surface Plxels H|t Rate Hit Rate Hits Noise |Total |Power |NIEL TID
cm) cm2) (109) (1061cm2ls) (1 09llayerls) (Gbltls Gbltls) (Gbltls) (W) (1 MeV neg/cm?) (Mrad

6
8
L
10

| -
()
'
&)
(©
—
I_
—
()
—
-
@

Raphaelle Bailhache

7
12
20
30
45
60
80

0.29
0.55
0.94
1.6
2.3
7.5
10.0
SES

120
220
370
620
930
3000
4000
5300

0.48
0.16
0.058
0.026
0.012
6.5 x10-3
3.7 x103

175
1.2 18 1.4 43 131
0.8 13 24 27 224
0.6 9.9 4.0 19 374
0.5 79 6.0 16 561
0.6 9.6 19.1 S5 92
0.5 8.2 2585 36 2389
0.4 6.8 340 42 3185

1.6 x1014
46 x 1013
1.6 x 1013
5.6 x 1012
2.5x 1012
1.1 x 1012
6.3 x 10™
3.5x10M

1.5
0.5
0.2
0.08
0.04
0.02
0.01

* Radiation load: 50 months of 24 MHz pp interactions
* Bandwidth: 16 bit/hit, single pixel clusters
» Fake-hit rate: 10-8 / pixel / event at 40 MHz readout rate

20



Outer Tracker

ALICE 3 Vertex Detector and Outer Tracker — in numbers

Vertex Detector Outer Tracker [ITS3 ITS2

Pixel size (um?2)
Position resolution (um)
Time resolution (ns RMS)

O(10 x 10) O(50 x 50) O(20 x 20) O(30 x 30)
- 2.5 10 5 5
100 100* / O(1000) O(1000)

100

Shaping time (ns RMS) 200 200*/ O(5000) O(5000)
Fake-hit rate (/ pixel / event) <108 <10-7 << 106
Power consumption (mW / cm?2) 20 20 (pixel matrix) 40/ 30**
Particle hit density (MHz / cm?) 0.06 8.5 5
Non-lonising Energy Loss (1 MeV neq/ cm?2) ey 2 x 1014 3 x 1012 3 x 1012
Total lonising Dose (Mrad) - 20 S 0.3 0.3

* goal, not crucial, like not possible due to power budget

** Innermost layers / outer layers

Improving performance concerning all aspects

Goethe-University Frankfurt

Vertex Detector and Outer Tracker need different optimisation

Raphaelle Bailhache
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Vertex detector

* Larger/longer MAPS-based tracker than for ALICE 2

* Position of first layer at mid-rapidity:
r =5 mm (ALICE 2.1: 18 mm; ALICE 2: 22mm)

* Achieved with a retractable vertex detector
inside of the beam pipe in secondary vacuum

/é 1O4§ Illll 1 IIIIIIII 1 llllllll 1 Illlllg
S ALICE 3 study e 3
c ALICE3(Run 5+6)
10°F =
2 TE ALICE 2.1 (Run 4)
g - ALICE 2 (Run 3)
% 102?
o @
S
c 10g
[ :
Q. T
1E =
—1 1 1 lllllll 1 1 llllllI 1 1 llllllI 1 L1 1111l
101 0? 10~ 1 10 10°

Pt (GeV/c)

Goethe-University Frankfurt

Raphaelle Bailhache

radius

ALICE CERN-LHCC-2022-009
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ALICE 3 core cost

Goethe-University Frankfurt

System Technology Cost (MCHF)
Tracker MAPS 30.5
TOF Monolithic LGADs 14.8
Hybrid LGADs® 26.4
RICH Aerogel and monolithic SIPMs 20.9
Aerogel, analogue SiPMs + readout® 34.0
ECal Pb-scintillator + PbWOy4 17.0
MID Steel absorber, scintillator bars, SIPMs 7.0
FCT MAPS (solenoid + separate magnet) 5.3
MAPS (solenoid + dipoles) 2.3
Magnet system  Superconducting solenoid + FCT magnet 25.0
Superconducting solenoid and dipoles 40.0
Computing Data acquisition and processing 6.0
Common items Beampipe, infrastructure, engineering 15.0
Total 141.5

Raphaelle Bailhache

ALICE CERN-LHCC-2022-009
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Luminosity

Integrated luminosity for

System gpmonth  goRun5+6 i)
pp 0.5 fb~! 18 fb~! 200 pb-1 at 13.6 TeV with high-multiplicity and rare probe selection
pp reference 100pb~! 200 pb™
A-A
Xe—Xe 26nb~! 156 nb~"

13 nb-1 with Pb—Pb
Pb—Pb 56nb-! 33.6nb’!

Table 2: Integrated luminosities for different collision systems

Goethe-University Frankfurt Raphaelle Bailhache



Time-of-Flight

L
Separation power x —

Otof

e distance and time resolution crucial

« 2 barrel + 1 forward TOF layers
e outer TOF atR =85 cm
e inner TOFatR=19cm
 forward TOF at z = 405 cm

e Silicon timing sensors (o1oF = 20 ps)
 Total silicon surface ~45 m2

e R&D programme on
monolithic CMQOS sensors with integrated gain layer

Goethe-University Frankfurt Raphaelle Bailhache



Ring-Imaging Cherenkov

Extend PID reach of outer TOF to higher pr
= Cherenkov

« 2 cm thick aerogel radiator
to ensure continuous coverage from TOF
— refractive index n = 1.03 (barrel)
— refractive index n = 1.006 (forward)

 Silicon photon detection layer at 20 cm from the radiator:

e Total SIPM surface ~60 m=2

« R&D programme on monolithic photon sensors

 Cherenkov angular resolution ~ 1.5 mrad

* Cherenkov emission threshold determines low pt reach

Single layer aerogel

Double (or multi) layer aerogel

l=2¢cm d~20cm g Ny <
Goethe-University Frankfurt Raphaelle Bailhache

Mirror

~t___(flat/cylindrical/spherical)

o VLU

\'%

d~20cm



Electromagnetic calorimeter

 Large acceptance ECal
— sampling calorimeter (a la ALICE EMCal/DCal):
O(100) layers (1 mm Pb + 1.5 mm plastic scintillator)

 Additional high energy resolution segment at mid-rapidity
— PbWO4-based (a la ALICE PHOS)

ECal module Barrel sampling Endcap sampling Barrel high-precision
Ap =2, Ap =2, Ap = 2T,
acceptance n| < 1.5 1.5<n <4 n| < 0.33
Ry =1.15m, 0.1l6 <R<1.8m, Ry =1.15m,
geometry z| <2.7m z=4.35m z| < 0.64 m
technology sampling Pb + scint.  sampling Pb + scint. = PbWOy crystals
cell size 30 x 30 mm* 40 x 40 mm* 22 x 22 mm*
no. of channels 30000 6 000 20000

energy range 0.1 <E<100GeV 0.1 <E <250GeV

0.01 < E <100 GeV

Goethe-University Frankfurt Raphaelle Bailhache
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Muon ldentifier

e Hadron absorber

e ~70 cm non-magnetic steel

e Muon chambers

 search spot for muons ~0.1 x 0.1 (eta x phi)
— ~5 X 5 cm2 cell size

 matching demonstrated with 2 layers of muon chambers
e scintillator bars
 Equipped with wave-length shifting fibres
 Read-out with SIPM

Goethe-University Frankfurt Raphaelle Bailhache
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10°

lllll | llllllll | llllll|,| | llllllll | llllllll | llllllll

llllllll| 1]

ALICE3 O2 Performance study = },1/ U
PYTHIA 8 pp V8 = 14TeV i j.l/ﬂ:(MlD P|D)
MID PID

Layout v1, n|< 1.5, B = 0.5T

a—A e e
-_A_
— 1
- | | | | | | | | | | |
1 10
P, [GeV/c]
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S
Outer Tracker: German R&D interests %

Module Module Sensor Module/ Powering Readout Mecha- Cooling Detector Simu-
develop- production develop- Sensor nics Control lations
ment ment Characte-

rization

Uni Bonn X X X

Uni Frankfurt X X X X X
(phys.)

Uni Frankfurt X

(comp. sci.)

Uni Heidelberg X X X X X X X
TU Minchen X X X X
Uni Munster X X X X X
Gs! X X X X X X X

Goethe-University Frankfurt Raphaelle Bailhache 29
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QGP

thermal dielectron m_, spectrum at m_, > 1.1 GeV/c”

Thanks to excellent pointing resolution

* Heavy-flavour decays produce correlated backgre

. Large form,, > 1 GeV/c?
 Can be effectively suppressed with ALICE 3

using

Electromagnetic radiation

Averaged temperature 7 of the QGP

m.. (GeV/c?)
2014) 103
(2014) 30

R. Rapp, Adv. High Energy Phys. 2013 (2013) 148253
ALICE CERN-LHCC-2022-009

P.M Hohler and R. Rapp, Phys. Lett. B 731
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Heavy-quark transport
@Q

Non-central collision

A, v, performance Ay, v, performance
>6\10-3_'''|'"'|"''|"'1'|""|""|""|_ ~ 0.3 | | P | |
35 - ALICE 3 Study L., =35 nb - _; ALICE 3 Study L, =35 nb’
: @ 0.25F PbPb \s, = 5.5 TeV 30-50% 1 9 PbPb /s, = 5.5 TeV 30-50%
Reaction © - A, — pKn, lyl<1.44 1 © A) = ALT(AL — pKnY), lyl<1.44
plane g 0o _' g 0.0 _
=02 = ALICE 3 ] & O = ALICE 3
LLl - e * ALICE 2.1 1 W * ALICE 2.1
0.15 + ® ALICE2 _‘ | ALICE 2
- . ———t
- - : |
0.1— T — 01— % — ﬁ_ ‘ —
Interactions with the plasma h i + —t—
generate azimuthal anisotropy v;: 0-05= t— + - i [ +
dN O: PR TR TR TR S N SN T N NN T TN T T TN TN T T AN SO T TR S A S M M I: 0 | | | | |
—x 1+ 2\/2 Cos 2(¢p — y) 0 5 10 15 20 25 30 35 5 10 15 20 25
dep pr(A,) (GeV/c) pr(A) (GeVic)

» Access to (heavy-)quark transport properties in the QGP at hadron level
- Precise R, 4 and v, measurements of charm and beauty hadrons down to low p+ — diffusion coefficients Ds

- Expect beauty thermalisation slower than charm — smaller v,
— Need ALICE 3 performance (pointing resolution, acceptance) for precise measurements down to low pr
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HeaVY'q uark CO rrelati()ns . ALICE 3 projection: DD correlation

x10
,—1I_\ 60__I | | I | I | | I | I IALll(:IE 3I S‘tIUdly ll- I 3I5 ;]b-l1 | I | I I | I | :
O - , » Hint = —
© - + ':°”qﬁe”°h'l'_’g | PYTHIA 8.2, {Syy = 5.5 TeV, 0-100% central .
— 50 i tnermafisation D°-D° azimuthal correlations, bkg-subtracted 7
2 s L o0 > 4 GeV/c, 2 <p <4,y | <4 .
S B —
= |3 40b LN —
I ; TR, -
n + + + ] + + + =8 + ! -
20 + ' . 3
-1 .
10 . Correl. unc. + 1.8e-04 (indep. c-cbar contrib.) s
B Unc. NS width + 18.0%, AS width = 3.8% =
— Unc. NS yield = 19.3%, AS yield + 3.4% —
B | | I | | | | I | | | | I | | | | I | | | | I | | | | I | | l—
S 0 1 > 3 4
. _ Ag (rad)
- — : :
Angular decorrelation of heavy-flavour hadrons — probe QGP scattering ALICE 2(.1) Run 3 + 4 projection
x10"~
B . . . ,‘I_\ 120_| T X| e(I: eI LICE Iel‘I orlme;ncle, I int]=l II’l [1 - -]
» Sensitive to energy loss mechanisms, degree of thermalisation 5 | VT2 o< 86 101, 0100 contal -
. =100 — D;_DO az_imuthal corrsc'?lations, bkg-subtracted -
 Strongest signal at low p. . % 4c- Vic, 2 <7 < 4,Iy,| < 08 :
* Require high purity, efficiency and large # coverage é’z a4 | g
S 1™ eo- I I -
= - - OQ : T - o |
— Heavy-ion measurement only possible with ALICE 3 T = a0 || et s LI
. I THI | L <= |
20 ___#_____E““ | + 1 -
O '3";'?
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x. — JIw + y significance in Pb—Pb
SiX years of running

Other bound states: quarkonia

—~ 10°E
* Explore new states: ®, 0 = -
™ - ALICES projection, with IRIS, no PID, PbPb |s, = 5.52 TeV
« P-wave (L=1) states y, 1, 8 - SHMC_2021,L_=35.0nb’
» Pseudoscalar (L=0) states 7, 7, % 10° =" X, = Jv v, Iyl <1.44, BR=1.63%
O - —ECAL |
» Melting temperature depends on angular momentum... = - ---PCM I ——
o 10 |
« Measurement of .., y;, — Test theory D i ' """""
1= [
Require muon identification down to 1.5 GeV/c -
+ photon detection 1 i
107
JIw — utu~ & y via ECAL or PCM
10—2 I""'I"'I"'lI"I'I""Il"'l"""I"I'LI_I_
o 1 2 3 4 5 6 7 8 9 10
p_ (GeV/c)
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Measurement of 7 (and JZ'O) downto pr=0

Acceptance for
n — yy withp, > 100 MeV/c

—

8 El 1 | o | I | I | I | I | | | | | I | 1T IE

O — -

&~ [ ALICE 3 Study ]

 pt spectrum of direct photons ><>‘°“';— E
— Alternative method of T determination §10_2:_ -
with different systematic uncertainties - i . o =

_ ” & Y _

. % 10°F “ E

- Main background: 7, 17 decays: < ; : ¢ -
Can be measured down to very low prfor 1.75 <n < 4 § 107 =
10_5% =

f e 1’ |yl<1.3 f

Significant reduction of uncertainties expected 'O*’g"} o ‘-|75<;>"<“-° =
- ® N yl<t. -

10_,:_ O N 1.75<|y|<4.0 B

lo—a_lIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIlllll—

0 1 2 3 4 5 6 7 8 9 10

pr(GeV/c)
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Ultra-soft y in inclusive pp collisions

* Signal: inner Bremsstrahlung

* Background:

* Decay photons (71'0 — YY)

e Secondary photons from material
primary electron or positron

photon

photon conversion dominant * d
background for d/Xo > 1.3%

—Minimize material in front of FCT
— Develop strategy to reject events with e*

in the FCT 7 acceptance (here ideal case)

— Expect 20% uncertainties in all planned reactions
Complementary ultra-soft e'e~ measurements (lower pt than ALICE 2)

Goethe-University Frankfurt Raphaelle Bailhache

RLICE

Inclusive pp collisions at \/E = 13 TeV

Expected yields for signal and backgrounds

—~10?

10

107

E | [ [ I | I I I | [ I I | I I [ | | E
— ALICE 3 Study, events with no electrons in 1 range —
~ g4me simulation, pp Vs =13 TeV 7
= PYTHIA 8.304, SoftQCD:nonDiffractive =
- GEANT 4.10.07 patch-01, FTFP_BERT -
| 40<n<50, E,>10 MeV 7
= ¢ sum E
- . decay photons -
__& secondary photons from material__
- ——=—— inner Bremsstrahlung (0.016/p.) =
% ++'***"’**+H+++ St #43:*#3:&:;;#_%
-t + 4744 + Tt =
B Ideal rej?ction of secondary ys |

| I I I | I I I I I | I | I | I I |
0 2 4 6 8 10
p, (MeV)
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Nuclear states: charm-deuteron

Impact parameter distribution

.é, 0025_ I | I I I | I I I | I I I | I I I | |
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Study with the decay channel: 0.01 A _
cg—>d+K +nt : : ; :
I : _

- - 0.005| | _
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Uniqgue sensitivity to undiscovered charm-nuclei:

Counts

Invariant mass distribution

iINn minimum-bias Pb—PDb collisions
On month data taking

~ ALICE 3 study ]

Layout vi, Inl <1.44 |
- PYTHIA 8.2 Angantyr, Pb-Pb |s,, = 5.52 TeV

- Signal
— P N
Primary background oS

o
Correlated background @' ', $
S/B = 0.41 ¢

of *HIIIII”

I

Significance = 51.2 "'|I“||Ii
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- For c-deuteron: reach significance of 50 for one month Pb—Pb fully integrated (centrality, p, #)
- For c-triton (A nn): 2.5 significance for one month Pb—Pb fully integrated
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Beyond QGP physics

* Axion-like particles (ALPs) = elementary pseudoscalar particles
appearing in many BSM extensions as Goldstone bosons
(Dark matter candidates/mediators)

e Search for ALPs in ultra-peripheral collisions
Pb Pb(*)

Searc
two-p
Pb Pb(*) mass

Look for peak in the two-photon invariant mass spectrum
Background considered: 77" photo-production, light-by-light scattering

 With ALICE 3 take advantage of:
« Large rapidity coverage |n| < 4
« Capability to measure y down to small £ (£ > 50-100 MeV)

Goethe-University Frankfurt Raphaelle Bailhache

1/A, (TeV)

ALP search: expected sensitivity
as a function of m, and ALP-y coupling 1/A,

LEP

LHC
(Pp)

Yoy + inv.  Pri

107"=
E ATLAS/CMS
_ (10 nb)
_ Beam-dump
10_2 IIIII| | | IIIIIII | [ IIIIIII | [ IIIIII| | | IIIIII| | | IIIIII|
1072 107" 1 10 10? 10°
m, (GeV/c?)

Existing limits from ATLAS, JHEP 03, 243 (2021)
Projections for ATLAS/CMS from PRL 118 (2017), 171801
Projections for LHCb from Goncalves et al. EPJC 81 (2021), 522
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