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ALICE 3 motivation

HL-LHC Higher luminosities for ions ALICE
ALICE 2.1

LS3 & Run 4: ITS3, FoCal

Main experimental goal of the ALICE Collaboration

Study the microscopic dynamics of the strongly-interacting matter produced in heavy-ion collisions

Run 3+4 will increase the precision of the measurements Some open fundamental questions

* Medium effects on single heavy-flavour hadrons « QGP properties driving constituents to equilibrium

« Time averaged thermal QGP radiation BUT * Partonic EoS and its temperature dependence

* Underlying dynamics of chiral symmetry restoration

* Collective effects from small to large systems o _
* Hadronization mechanisms of the QGP

Substantial improvement needed in detector performance and statistics

¥

Next-generation heavy-ion experiment
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ALICE 3 timeline

HL-LHC

Higher luminosities for ions

upgrade

ALICE 3 milestones

Idea for next-generation heavy-ion programme for
LHC Runs 5 and 6 developed within ALICE in 2018/19

- First ideas at Heavy-lon town meeting (2018)
- Expression of Interest submitted as input to the European Strategy
for Particle Physics Update (2019) arXiv:1902.01211

Letter of Intent for ALICE 3: Review concluded with
very positive feedback by the LHCC in March 2022

ALICE CERN-LHCC-2022-009

Scoping Document: Prepared and under submission
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ALICE 3 upgrade

ERNALHCC-2022-009
March 2022

Letter of intent for

ALICE 3

RLICE


https://arxiv.org/abs/1902.01211v2
https://cds.cern.ch/record/2803563?ln=de

ALICE 3 physics goals

RLICE

Fundamental questions for our understanding of QGP will remain open after LHC Runs 3 and 4

Early stages: temperature, chiral symmetry restoration Understanding fluctuations of conserved charges
. Dilepton and photon production, elliptic flow e Hadron correlation and fluctuation measurements

Nature of exotic hadrons

Heavy flavour diffusion and thermalization in the QGP . .
e  Momentum correlations, production yields and dacays

. Beauty and charm flow, charm hadron correlation

Beyond QGP physics
Hadronization in heavy-ion collisions * Ultra-soft photon production: test of Low’s theorem
e  Multi-charm baryon production: quark recombination e Search for axion-like particles in ultra-peripheral Pb-Pb
* Quarkonia,exotic mesons: dissociation and regeneration e Search for super-nuclei (c-deuteron, c-triton)
Pb-Pb I
0 ~0.5

AN
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ALICE 3 detector concept

Key requirements

* Retractable vertex detector
 Compact and light all-silicon tracker
e Superconducting magnet system
* Extensive particle identification

S

10

Pointing resolution at =0, pr=1GeV (um)

Large acceptance: |n| < 4
Continuous readout + online processing

ALICE 1
®

ALICE 2
@,:), Run 3

________________________________________________________________________

ALICE 3
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1

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

ECAL
RICH

Absorber
Magnet

Muon chambers
FCT

TOF

Tracker
Vertex detector
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Vertexing: The vertex detector

Requirements

* Pointing resolution ~ 10 um @ pr = 200

v XlSt/XO ~ 0.1 %, RlSt =5mm
V' Opps ® 2.5 um — 10 pm pixel pitch

Bread Board Model

MeV
c

Implementation

* 3(barrel)+3-2(disk) layers within beam pipe

* Retractable detector: R = 5-25 mm < 16-35 mm
» Wafer-sized, bent Monolithic Active Pixel Sensors

= 10 g T

Challenges § ALICE 3study e ]

. . L ALICE3 (Run 5+6) |

Mechanics -§ 10 ALICE 2.1 (Run 4)

. Cooling T:; E ALICE 2 (Run 3) E
[72] 2|

» Radiation “;’3 =

tolerance £ \

€ 10 E

g / !

o i 1

5x better than 1 =

ALICE 2.1 / :

(ITS3 + TPC) 10_1_ ol 0 il 0l d
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Vertexing: The vertex detector .7

IRIS detector
@ ALICE3

SENSORS SECONDARY VACUUM

in the petals of the IRIS tracker and in the services volume.
Avoids contamination of primary vacuum from detector outgassing

-
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o
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Layers and Disk

& .

-—

PRIMARY VACUUM SERVICES SIDE

In the beampipe All services from one side
10~1%¢ 10™11 mbar Power, Data, Cooling, Rotation
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Status: Ongoing experimental facilities develooment for outgassing study in vacuum

There are three ways to perform outgassing measurement:

e Comparing the vacuum level with and without sample

e Comparing residual atmosphere of vacuum chamber with and without sample using RGA \
e Comparing the TML of sample before and after pumping

Preliminary results (E-6 mbar pressure): outgassing test

Residual gas compassions: @ 1E-6 mbar pressure

Outgassing under vacuum for N, gas@ 1E-6 mbar pressure

RALICE

1.2E-05 = NASA_Epo
g Xy
2 N FPC_Al
—_— 2
1.0E-05 @ 6_Si_wafer_
; (A)1 tical_Fib
2 ptical_Fi
8.0E-06 & er
C-Fleese
6.0E-06 C_Subs
C_HD
4.0E-06 H,0 C LD
o, Vacuum
2.0E-06
l co,
0.0E+00 ‘ - —
-2.0E-06
0 10 20 30 40 50 60 70
Mass [amul]

1.0E-05 NASA_Epoxy
T FPC
o
E 6_Si_Al

o ~——l

S C_Fleese

(7]

d.0E-06 Optical_Fiber
a

Carbon_HD

\ Carbon_LD

C_Substrate
1.0E-07

Vacuum

1.0E-08

4
Time [h]

Mass [gram]

NOTE: tis a commercial gue thathas  Nasa Epoxy [EPOTECH 301-2 ESA]: Mass Chart
291 been certified in the NASA DB.

Preliminary measurement is compatible

with the NASA specification Final Mass = 2.9045 ¢

2,905 R
29 Mass difference at NTP: 0.0188 gram
TMLabout 0.65%
2.895
2.89
~ Afterthree weeks of
2.885 pumping at E-6 Torr
2.88 Initial Mass = 2.8857 g
§ § & $ § $
¥l ) ’),Q n,° A ,5%
g g g NG g &
s NG NG g i S
\\' '\\’L Q;\ q,\\' q’\'L q\

Date & Time [mm/dd/yyyy HH:MM]

Samples to test

= 3D printed aluminium nitride (AIN) samples disks

= Al203 samples disk: 3D printed alumina (Al,053)
samples disks

= 3D printed AlSi samples disks

= Carbon (LAYPUS) Substrate of the cold plate

= Carbon Fleece of the cold plate

= Carbon foam All comp high density

= Carbon foam All comp low density

= Carbon foam ERG duocel

= Qptical Fiber with connector

= Sjwafer

= Wire bonded Si wafer

= FPC

= NASA Epoxy
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lon pump, hopefully we could reach
~E-10 mbar order of pressure




Tracking: The outer tracker

Requirements

* Op/Pr= 1%upto|n| =4
v Xl-/XO ~ 1%
V' Opos ~ 10 um — 50 pm pitch

—
LI

] L e
ALICE 3 study T
Implementation

» 8(barrel)+9-2(disk) layers,

* Ryut ®80cm, |z| < 4m
Monolithic Active Pixel Sensors

—_——

3

S

c

XS]

)

2

o

(2]

2 1op =
E — B=05T — B=2T
3

o

c

Q

=

o

S

I3

L=

—_—
IIWI]

R&D challenge
* Industrialization of the module S T Y T R
~ 2 107" 1 10 102
assembly to cover = 60 m“ area p. (GeVic)
_ ALICE 3 tracker
0.8
0.7]
3
Eoa =
x 0.3 :
T = ]
0.1 A ' :
99" 3 -3 -1 0 1 2 3 4

Z(m)
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PID: The TOF detector

first author "et al."

Requirements

* e/m separation up to = 500 MeV/c
 1/K separationupto= 2 GeV/c
 K/p separationupto= 4 GeV/c

* X L/oror = oror = 20 ps

* Larger radius — Lower pr bounds

Implementation

e 2(barrel)+1-2(disk) layers

* Inner TOFatR = 0.19m, |z|] < 0.62 m
e QuterTOFatR =~ 0.85m, |z| < 2.79m
* Forward TOFatz =~ 4.05m, |[R| < 1.5m

Technology options

* Monolithic Active Pixel Sensors (MAPS)
- ARCADIA* MAPS with gain layer

* Low Gain Avalanche Diodes (LGADs)
- Single/double LGADs

* Silicon Photomultipliers (SiPMs)
- Interesting in combination with RICH

*Advanced Readout CMOS Architectures with
Depleted Integrated sensor Arrays (INFN Project)

/G\ L T T T T I T 1 1. 7T I T T T T I L T T I T J
= 102
% 10 3 B = 20 T p/K 3o separation 3
S - TOF (inner) .
& | [.5] ToF (outer)
10 E_ EZ TOF (forward) —E
1k E
10'E .
102
E L | P ] | 3
0 1 2 3 4
n

ARCADIA MAPS

Bonded test devices -

oo,

Test devices layout:
2x2 array of (250 ym)?

Tested on beam in July 2023
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https://link.springer.com/article/10.1140/epjp/s13360-022-03619-1
https://arxiv.org/abs/2305.17762

PID: The RICH detector

Requirements

e Extend charged PID beyond TOF limits
- e/mupto= 2GeV/c
- nw/Kupto= 10 GeV/c
- K/pupto= 16 GeV/c

* Cherenkov threshold: p > m/vn? — 1
— n =1.03 (barrel), n = 1.006 (forward)
= Aerogel radiator

* Angular resolution: 0y, = 1.5 mrad

Implementation

e 1(barrel)+1-2(disk) layers
 BarrelRICHatR = 090 m, |z|] < 2.80 m
 ForwardRICH at |z| = 4.10 m,R < 1.70 m
* Silicon Photomultipliers (SiPMs)

R&D challenges

Projective bRICH to improve coverage at large
|n| while saving on overall photosensitive area

e Merged oTOF+bRICH system using a common
SiPM layer coupled to a thin radiator window

107"

/G\ L T 1 T I T I I 4
= 2
> 10°E _ p/K 3¢ separation E
[(}] F B - 20 T TOF (inner)
) [ (] TOF (outer)

- (7] TOF (forward)
Q. 7] RICH (barrel)

[ RICH (forward) =3
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Nicola Nicassio, et. al., doi: 10.1109/IWASI58316.2023.10164558
Aerogel Projective bRICH layout

First prototype tested on beam in October 2022

.U [ I T T T T | T T T T I T T T T I T T T T | T T T T ]
© .
E 0.20 j """ (Npkots/fr‘) =28.6 j
- hot = 2- mra .
o, 4.8 d
o * .
o N Oring =0.9 mrad ]
S~
w 015 — Data -
L I~ " i
g - — Total fit -
9 r Pion Gaus | _|
g5 0.10— — Totalbkg |
= B Negative pions ]
A i p = 10GeV/c A
E 0.05— —
o - Aerogeln=1.03 | _|
- = 23.8 cm Ar gap =
B HPK $13552 SiPMs :
L b ded T s e v e 1 v 0 3 3 1 3 3 1
0'0(?.1 5 0.2 0.25 0.3 0.35 0.4 0.45

Single photon Cherenkov angle [rad]

* Extrapolated by correcting for limited ring acceptance 12




PID: The MID detector

Requirements

* Muon ID down to pr = 1.5 GeV/c
* Pseudorapidity coverage [n| < 1.3

Hadron absorber

* Magnetic/non-magnetic steel

* Thicknessof = 70 cmatn =0

Muon chambers

e AnxA¢ granularity - 5 x 5 cm? cells
* 2 layers of plastic scintillator bars

* Silicon Photomultiplier readout

* Coupling to WLS fibers is under study

e Alternative options: MWPCs, RPCs

—
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£ 300f
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Beam test results, July 2023

SiPMs: HPK S13360-6050CS
Dataset: 6 GeV/c hadrons

‘ Bar
& Fermilab
EJ-208

gy L 14 4 s
55 56 57 58 59

Bias voltage [V]

Beam test results, July 2023

SiPMs: HPK $13360-6050CS
Dataset: 6 GeV/c hadrons

Bar i
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60 80 100
Distance to MPPC [cm]
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QGP temperature

<

3 QGP

Sys. unc. from correlated heavy-flavour background
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Averaged temperature T of the QGP using thermal
dielectron m,, spectrum at m,, > 1.1 GeV/c?

Crucial requirements

* Very good electron identification down to low pr
* Small material budget (y conversion background)
* Good pointing resolution (heavy flavour decays)

ALICE 3 unique for high-precision dielectron

based QGP temperature measurements

1/N, d*N/dm,.dy (GeV/c?)"
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RLICE

Projection for thermal dielectron m,,

[ @ TTTT

Ces 0000000 *%
| & ee

ALICE 3 Study
0-10% Pb-Pb, |5, = 5.02 TeV
TOF+RICH (40, rej), B=05T
02< P, < 4 GeVic,In | <0.8
No bremsstrahlung included

DCA,, <1.20

{ L,=56nb"

Syst. Uncertainties:

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

CT (15%) + LF (10%)

dn,

X (meeT)BIZ e —mg /T
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Time evolution

0.3\1V[||l,l|r}rl\]vr\]lv|ll\]r\rI_Y_P“‘"_r“T“?"‘i“‘Tﬂ:
. 7. K ﬁ
[ Pb—Pb {8,y =5.02 TeV i 1
F [ _. ]

025~ g.10% D& .
L mi<o0s8 —/

02~ p_>0.2GeV/c

ST

[ bpcA, =120

Sys. unc. from correlated heavy-flavour background

m,, (GeV/c?)

Probe time dependence of temperature using
double-differential spectra of m,, and pr .

Crucial requirements
* Very good electron identification down to low py
* Small material budget (y conversion background)
* Good pointing resolution (heavy flavour decays)

ALICE 3 unique for high-precision dielectron
based QGP temperature measurements

Projection for T as a function of pr,.,

RLICE

400 i L | L | L ‘ | L | LI | L I 1 | i
. ALICE 3 Study i .
[ 0-10% PDb-Pb, | s, =5.02 TeV T i
3501 L, =5.6nb" T B
: A I ]
I T \ ]
250- T -
2001~ Fit Range: 1.1 <m,.<1.8 GeV/c? | ]
- e T (stat. unc. only) + -
: real :: :
150 11 1 I L1 1 1 I L1 1 1 1 11 1 1 I 11 1 1 I L1 1 1 I 1
0 0.5 1 1.5 2 2.5 3 0-4
Pree (GeV/C)
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Heavy-quark correlations

<

4—"’" f —
@DOEK ' '\5\7 N0

Angular decorrelation of heavy-flavour hadrons

\ 4

Probe QGP scattering
* Sensitive to energy loss and thermalization degree

e Strongest signal at low pr
* Requires high purity, efficiency and n coverage

Heavy-ion measurement only possible with ALICE 3

Triloki —

1 dNaSSO

Politecnico and INFN, Bari, Italy

_ RALICE
Projection for DYDY correlation

X-II 0I73| T T T T I T T T T I T T T T I 1 T T T | T I T T I T T T
60— N y ALICE 3 Study, L, = 35 nb”' —
- 0 quenehing PYTHIA 8.2, (S = 5.5 TeV, 0-100% central .
e Full thermalisation 0% . ) n
50— D"-D" azimuthal corr_eh_lanons, bkg-subtracted ]
- pTD“ >4GeV/ic,2<p <4,y | <4 .
40F o 5 E
B Near side pairs I +++ .
30— e t 4 .3 tk L]
C + T + T + N"#*;
20t + 1t ¥ Back-to-back pairs E
10 :_ Correl. unc. £ 1.8e-04 (indep. c-cbar contrib.) _:
- Unc. NS width + 18.0%, AS width + 3.8% .
= Unc. NS yleld +19.3%, AS yield £ 3.4% -
0 C 1 L I 1 1 1 1 I 1 1 Il 1 I 1 1 I 1 1 1 1 I 1 1 1 1 I | | I_
-1 0 1T 2 3 4
Ag (rad)
AIS_ICE 2( 1) Run3+4 prOJectlon
x10°
= 1201 Ex:)ected AL]CE‘Z perlormance L= 13 nb‘
je) PYTHIA[8.2, {5y = 5.5 TeV, 0-100 / central
g 100}— D°-D° azimuthal correlations, bkg-subtracted |
- P2 4 GeVic, 2 <p¥ <4,y [ <08 ]
S) - ,
2 | S 8o " e
2 g : [ ] - 1 :
") 60— -]
Cé [ T |
- 2 405 -.. l'II"|| T - 7{
~|» = - -
L - na J—/




counts/(5 MeV/c?)

Multi-charm baryon reconstruction £.7

Multi-charm baryons: powerful probe of hadron formation

=+t -+ +

Ef > E +2m?
First ALICE 3 tracking layer at 5 mm

Track strange baryon (£7) before it decays
High selectivity thanks to pointing resolution

Heavy-ion measurement only possible with ALICE 3

Mass peak for 2} in Pb-Pb Significance for 2} in Pb Pb
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; —++ 1 c - 7
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C { Pr >2.0GeV/e T N Pb-Pb 0-10% PYTHIA 7
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Conclusions

RLICE

Summary

O ALICE 3 is needed to unravel the microscopic dynamics of the quark-gluon plasma beyond current limits by fully
exploiting the potential of the LHC as a heavy-ion collider

O ALICE 3 also addresses fundamental open questions in QCD physics and beyond
O Innovative detector concept to meet the requirements of the rich physics program

L Several novel R&Ds with broad impact on future HEP "FCC-ee” and "EIC" and nuclear experiments

Outlook

e 2023-2025: Selection of technologies, small-scale prototypes

e 2026-2027: Large-scale prototypes, Technical Design Reports

Thank you for your attention!
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PID: The ECal detector

<

Requirements

* High-energy electron and photon ID
- Upto 100 GeV for|n| < 1.5

- Upto250GeV forl5<n<4

* Energy resolution
Og b

_a
E—E@—EBC

Implementation

o 2(barrel)+1(disk) layers
- Sampling Pb + scintillator
(a la ALICE EMCal/Dcal)

- High-resolution segment based
on PbWO, crystals, |n| < 0.22
(a la ALICE PHOS)

- Silicon Photomultiplier readout

RLICE

Sampling sector
: e
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