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ALICE in Run 2

EMCAL

ITS

TPC

TOF

Muon 
Spectrometer

Midrapidity ( ) 

• ITS, TPC, TOF, EMCAL: 
Vertexing, Tracking, 
Multiplicity, PID


|η | < 0.9

Forward rapidity ( )  
•

−4.0 < η < − 2.5
J/ψ → μ+μ−

trigger, background 
suppression and 

multiplicity estimation

(based on plastic scintillators)
VZERO
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Several upgrades to the experiment 
have been done, and some are on 

the way..

Among the expected measurements 
during Runs 3 and 4 we have

Nonetheless, some fundamental 
questions will still remain open… 

• Medium effects on single 
heavy-flavour hadrons 


• Time averaged thermal QGP 
radiation 


• Collective effects from small to 
large systems

Design of the ALICE FoCal

Markus Fasel | DIS 2021, Stony Brook University | April 12-16, 2021

15

• 3.2 < η < 5.8

CERN-LHCC-2020-009, LHCC-I-036

Hadronic and electromagnetic 
calorimeter
• FoCal-E: Si+W sampling 

calorimeter
• FoCal-H: conventional 

sampling hadronic calorimeter

Electromagnetic calorimeter:
• Low Granularity: Si-pad (16 layers)
• High Granularity: MAPS, based on 

ALPIDE (2 layers)
Shower tracking

EPICAL (ALPIDE) 
pixel prototype 
(proton CT project) 

Full (pad-layer only) 
modules for tests at 
PS/SPS and in 2018 
13 TeV LHC beam

ITS3 FoCal

ALICE in Run 3 and 4

Upcoming

upgrades

for Run 4:

ALICE in 
current

Run 3:

Jesús Muñoz (UNAM), SILAFAE 2024



4

Open questions after Run 4

• More detailed evolution of the QGP through termal radiation 
• Origin of QGP-like effects in small systems 
• Formation and interaction of exotic hadronic states 

• Transport and hadronization of heavy flavor hadrons in the medium: azimuthal 

distributions, n-parton scattering dynamics, multi-charm baryons (  and ), 
suppression and recombination of charm and beauty quarks

Ξ++
cc Ω+

cc

106 ALICE Collaboration

its statistical uncertainty is shown with open black markers in the right-hand panel of Fig. 58
as a function of mee for semi-central (30-50%) Pb–Pb collisions at

p
sNN = 5.02 TeV, assuming

an event-plane resolution of 0.9. The absolute values of the elliptic flow are taken from the
calculations in Ref. [123]. The statistical uncertainty is smaller than 0.004 over the full mee
range under consideration.

The prompt contribution from light-flavour hadron decays can be subtracted from vprompt
2 based

on the yield and v2 of the mother mesons from independent measurements and computing the
corresponding vLF

2 of decay electrons with a cocktail method. The elliptic flow of the excess
spectrum is

vexcess
2 =

(1+Nexcess
/NLF)vprompt

2 � vLF
2

Nexcess/NLF , (15)

where Nexcess and NLF are the measured excess yield and calculated dielectron yield from known
light-flavour hadron decays. The expected vexcess

2 [123] with its statistical uncertainty is shown
in solid black points as a function of mee in the right-hand panel of Fig.58 for semi-central
(30-50%) Pb–Pb collisions. At low mee (mee  0.4 GeV/c2), the systematic uncertainty origi-
nating from the light-flavour hadron subtraction is expected to become the dominant source of
uncertainties.

For 0.65  mee  0.75 GeV/c2 and 1.1  mee  1.5 GeV/c2, thermal dielectrons dominate. The
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Figure 57: Left: simulated raw spectra of excess e+e� pairs fitted with an exponential function in
the mee range 1.1-1.8 GeV/c2 to extract the early-time temperature Tfit of the medium in central (0-
10%) Pb–Pb collisions at

p
sNN = 5.02 TeV. The green boxes show the systematic uncertainties from

the combinatorial background subtraction and the tracking and electron identification. The magenta
boxes indicate systematic errors related to the subtraction of the light-flavour and heavy-flavour
contributions. Right: extracted Tfit parameter after dielectron efficiency correction compared to the
input Treal (see text) for different selections in pair transverse momentum including the integrated
case (pT,ee < 4 GeV/c). Only statistical errors are shown.

Time Bias toward 
local 

fluctuations 
( see Paola Vargas talk: 

8/11/24 12:15 h [QCD4] )

ALICE, arXiv:2211.02491 

ALICE, JHEP 05 (2024) 229

Jesús Muñoz (UNAM), SILAFAE 2024

https://arxiv.org/pdf/2211.02491
https://arxiv.org/pdf/2309.03788
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Open questions after Run 4

• More detailed evolution of the QGP through termal radiation 
• Origin of QGP-like effects in small systems 
• Formation and interaction of exotic hadronic states 

• Transport and hadronization of heavy flavor hadrons in the medium: azimuthal 

distributions, multi-charm baryons (  and ), n-parton scattering dynamics, 
suppression and recombination of charm and beauty quarks

Ξ++
cc Ω+

cc
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Physics Motivations: Executive Summary (1)

35/21

Characteriza*on of chiral symmetry restora*on at 
vanishing !"
Ø Dilepton mass spectra from the threshold to 

intermediate mass, down to zero pT

Characterization of the microscopic mechanism 
of in-medium energy loss of heavy quarks

Ø HF correlations down to zero pT (collisional vs 
radiative energy loss, flavour dependence)

Antonio Uras Physics Prospects for ALICE in Run 5 and Beyond

66 ALICE Collaboration
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Figure 17: Survival probability of a X� (magenta line) and W� (blue line) with a momentum of
1 GeV/c as a function of the distance to the interaction point. The locations of the different layers of
the ALICE 3 detector at h = 0 are indicated by the arrows.
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Figure 18: (left) Illustration of strangeness tracking from full detector simulation of the X++
cc decay

into X+
c +p+ with the successive decay X+

c ! X�+2p+. (right) Close-up illustration of the region
marked with a red dashed box in the left figure, containing the five innermost layers of ALICE 3 and
the hits that were added to the X� trajectory (red squares).

Ξ++
cc → Ξ+

c + π+ Ξ−

Outstanding tracking resolution is required
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02
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1 

Higher purity and signal efficiency with a bigger 
acceptance is needed 

Jesús Muñoz (UNAM), SILAFAE 2024

https://arxiv.org/pdf/2211.02491


A Large Ion Collider Experiment

ALICE upgrade projects

6ALICE Upgrades | Upgrade Week 7-11 Oct 2024 | MvL

ALICE 3 LoI:  
CERN-LHCC-2022-009 

LS3 upgrades

Forward Calorimeter ITS 3

LS4: ALICE 3

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2034 20352032 2033

LHC 
LS2

LHC  
Run 3

LHC 
LS3

LHC  
Run 4

LHC 
LS4

LHC  
Run 5

ALICE 3ALICE 2 ALICE 2.1

2036

NB: schedule update: LS3 moved by half a year

TDR approvedTDR approved

2037 6

ALICE 3 : a next-generation heavy-ion experiment

To address these open questions, 
the ALICE collaboration has 
proposed an upgrade to the 

experiment with…

• excellent resolution


• tracking and PID over a 
greater acceptance: 




• higher interaction and 
readout rate

|η | < 4

Antonio Ortiz  (CERN, UNAM)                                                                                    muonID workshop (16/12/2022)                                            

Status and planning ALICE 3

5

Physics case and detector concept developed in the 
course of 2020-2021 → Letter of Intent 


endorsed by Collaboration Board in January 2022

LHCC review concluded in March 2022  

 very positive evaluation [LHCC-149] 

Exciting physics program

Detector well matched with physics program  
 and strategically interesting R&D opportunities 


R&D activities have started 


Timeline  
2023-25: selection of technologies, small-scale proof of concept prototypes 

2026-27: large-scale engineered prototypes 
Technical Design Reports 

2028-31: construction and testing 
2032: contingency 
2033-34: Preparation of cavern and installation of ALICE 3 

→

Define responsibilities for R&D

AL
IC

E,
 a

rX
iv
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21

1.
02

49
1 

Jesús Muñoz (UNAM), SILAFAE 2024
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ALICE 3

FCT

Vertex 
detector

Tracker

Magnet

ECAL

RICH

TOF

MID Absorber
Overall, ALICE 3 will bring unique 
and unprecedented features to 
LHC, combining an excellent 
tracking and interaction rate


ALICE 3 features:

*For LHCb, η = 3.5Jesús Muñoz (UNAM), SILAFAE 2024
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ALICE 3

FCT

Vertex 
detector

Tracker

Magnet

ECAL

RICH

TOF

MID Absorber
Silicon pixel tracker with a high resolution

Silicon pixel sensors
• thinning and bending of silicon sensors: expand on experience with ITS3
• exploration of new CMOS processes: first in-beam tests with 65 nm process
• modularisation and industrialisation

Silicon timing sensors
• characterisation of SPADs/SiPMs/LGADs → first tests in beam
• monolithic timing sensors → implement gain layer
• Target performance: 20 ps time resolution

Photon sensors
• monolithic SiPMs → integrate read-out

Detector mechanics and cooling
• mechanics for operation in beam pipe → establish compatibility with LHC beam
• minimisation of material in the active volume → micro-channel cooling

ALICE (3) in wonderland: making it all happen

Heavy-ion physics at the LHC beyond Run 4 20

5 mm

25 mm

16 mm

35 mm

Strategic R&D: synergies among experiments
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ALICE 3 features:Vertexing: The vertex detector
Requirements
• Pointing resolution ≈ 10 µm @ $! = 200 MeV/,
• ∝ ."#$ /"#$//% → /"#$/X% ≈ 0.1 %, ."#$ = 5 mm
• 6&'# ≈ 2.5 µm → 10 µm pixel pitch

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

Beam injection Stable beam

Stable beam

Beam injection

5x better than
ALICE 2.1  

(ITS3 + TPC) 

6

Bread Board Model

< < 4

80 cm

Rotory
petals

Challenges
• Mechanics
• Cooling
• Radiation

tolerance

 and a retractable vertex detector 
that can close down to 5 mm 

Jesús Muñoz (UNAM), SILAFAE 2024

https://arxiv.org/pdf/2211.02491
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ALICE 3

FCT

Vertex 
detector

Tracker

Magnet

MID Absorber

ECAL

RICH

TOF

 and  PID over 
large acceptance


e/π/K/p γ

−4 < η < 4

68 ALICE Collaboration
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Figure 19: Analytical calculations of the h � pT regions in which particles can be separated by at
least 3s for the ALICE 3 particle-identification subsystems embedded in a 0.5 T magnetic field.
Electron/pion, pion/kaon and kaon/proton separation plots are shown from left to right.
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Figure 20: Analytical calculations of the h � pT regions in which particles can be separated by
at least 3s for the ALICE 3 particle-identification systems embedded in a 2.0 T magnetic field.
Electron/pion, pion/kaon and kaon/proton separation plots are shown from left to right.

• Barrel 

• Endcap 

( |η | < 1.5)
(1.5 < η < 4)

ECAL: High-energy electrons 
and photon identification

AL
IC

E,
 a

rX
iv

:2
21

1.
02

49
1 

ALICE 3 features:

Jesús Muñoz (UNAM), SILAFAE 2024

https://arxiv.org/pdf/2211.02491
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ALICE 3

FCT

Vertex 
detector

Tracker

Magnet

ECAL

RICH

TOF

MID Absorber
Muon identification for charmonia 

and exotic hadrons

CMS and ATLAS: 

 identification 

down to 
 GeV/c


LHCb: 

  at rest but 
only at forward 

rapidity 

μ

pT ≈ 3 − 4

J/ψ

ALICE 3:

optimized to 

identify  down to 
 GeV/c


ALICE 3: 

  at rest for a 

wider rapidity 

μ
pT = 1.5

J/ψ

|y | < 1.24

vs

ALICE 3 features:

Jesús Muñoz (UNAM), SILAFAE 2024
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~4 nuclear interaction lengths

11

ALICE 3 MID

The MID 
considers a 

magnetic iron 
absorber with 

varying thickness 

⟹

• 10-2 hadron rejection factor

• Low charged particle fluence 

rate: ~4 Hz/cm2 

• Scattering within the absorber: 

~5 cm for p=1.5 GeV/c 
(granularity of 5x5 cm2 is enough 
for 1.5-5 GeV/c)  

Jesús Muñoz (UNAM), SILAFAE 2024



12

ALICE 3 MID

Layer 2

Layer 1

Antonio Ortiz  (CERN, UNAM)                                                                                    muonID workshop (15/12/2022)                                            

MuonID (chambers)

21

Absorber (iron)

Muon chambers:

inner layer (size of 
chambers 1.1x1.0m2)


3520 bars: w=5 cm, t: 
1cm, length: 100 cm

second layer (size of 
chambers: 1.15x1.0 
m2)


3200 bars: w=5 cm, t: 
1cm, length: 115 cmWe should to cover ~360m2 of area


Readout in both sides of bars: 13440 channels

100 cm

5 
cm 1 cm

We still need to consider the mechanical supports and PCBs which 
may slightly reduce the size of the active area Regarding the muon chambers, there are some candidates

• Plastic scintillators and silicon photomultiplier (SiPM) for readout

• Multi-Wire Proportional Chambers (MWPCs) 

• Resistive Plate Chambers (RPCs) 

y

z

~4 nuclear interaction lengths

The MID 
considers a 

magnetic iron 
absorber with 

varying thickness 

⟹

• 10-2 hadron rejection factor

• Low charged particle fluence 

rate: ~4 Hz/cm2 

• Scattering within the absorber: 

~5 cm for p=1.5 GeV/c 
(granularity of 5x5 cm2 is enough 
for 1.5-5 GeV/c)  

Jesús Muñoz (UNAM), SILAFAE 2024
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MID (plastic scintillator option)

Baseline option: 
Low cost plastic scintillator bars (FNAL-NICADD) equipped 
with wave-length shifting fibers and SiPM


• simplicity (no need of gas mixture) 


• excellent timing resolution (ns)


• good performance on light-yield output (around 40 
photoelectrons)

|η | < 1.25
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Radiation load studies for ALICE 3

•  No significant decrease in light yield due to the expected TID for baseline option scintillators       
[FERMILAB-PUB-05-344]


• Our typical signals ~40 photoelectrons, therefore single photoelectron detection with the SiPM 
is not required (impossible at 1011 MeV neq/ cm2 at room temp.) [Nucl. Instrum. Meth. Phys. Res A, A 922 (2019)]

pp Pb-Pb

TID 

(rad) 54 0.94

NIEL 

(1 MeV neq/cm2) 3.4 x 1010 4.7 x 108

Table. Radiation load in the MID simulated 
with FLUKA for the Run 5+6 period

Jesús Muñoz (UNAM), SILAFAE 2024

ALICE 3 Simulation

https://lss.fnal.gov/archive/2005/pub/fermilab-pub-05-344.pdf
https://www.sciencedirect.com/science/article/pii/S0168900219300397?via=ihub
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Muon tagging

Absorber

μID

• Muon tagging is done 
by matching activated 
bars in the MID with 
tracks from the tracker


• All primary tracks are 
extrapolated to the MID


• Selection criteria are 
obtained via boosted 
decision trees (BDT)

Jesús Muñoz (UNAM), SILAFAE 2024
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• Momentum before the absorber


• Matching window ( ) 

• Number of bars activated 
around the extrapolation


• Highest energy deposition in 
the activated bars around to the 
extrapolation


• Arrival time 

Δη, Δϕ

BDT training

MW = Δη2 + Δφ2 = (ηextr. − ηbar)2 + (φextr. − φbar)2

How to pick a set of variables for the training of the BDT? 

Jesús Muñoz (UNAM), SILAFAE 2024

ALI-SIMUL-586772
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• Momentum before the absorber


• Matching window ( ) 

• Number of bars activated 
around the extrapolation


• Highest energy deposition in 
the activated bars around to the 
extrapolation


• Arrival time 

Δη, Δϕ

MW = Δη2 + Δφ2 = (ηextr. − ηbar)2 + (φextr. − φbar)2

BDT training

How to pick a set of variables for the training of the BDT? 

Jesús Muñoz (UNAM), SILAFAE 2024
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• Momentum before the absorber


• Matching window ( ) 

• Number of bars activated 
around the extrapolation


• Highest energy deposition in 
the activated bars around to the 
extrapolation


• Arrival time 

Δη, Δϕ

BDT training

How to pick a set of variables for the training of the BDT? 

Jesús Muñoz (UNAM), SILAFAE 2024

ALI-SIMUL-586767
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• Momentum before the absorber


• Matching window ( ) 

• Number of bars activated 
around the extrapolation


• Highest energy deposition in 
the activated bars around to the 
extrapolation


• Arrival time 

Δη, Δϕ

BDT training

How to pick a set of variables for the training of the BDT? 

Jesús Muñoz (UNAM), SILAFAE 2024

ALI-SIMUL-586777
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• Muon efficiency around 94% for 
 GeV/c


• Pion rejection at the level of 3-5%
pT > 1.5

Pb-Pb and pp performance
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|η | < 1.25

Jesús Muñoz (UNAM), SILAFAE 2024
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21

|η | < 1.25

• Slightly above to the the pion 
rejection factor obtained in pp 
simulations

Pb-Pb and pp performance

• Muon efficiency around 94% for 
 GeV/c


• Pion rejection at the level of 3-5%
pT > 1.5

Jesús Muñoz (UNAM), SILAFAE 2024

ALICE 3 Simulation

ALI-SIMUL-586715
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 reconstructionJ/ψ

The MID will allow the 
reconstruction of  
down to  via its 
dimuon decay channel

J/ψ
pT = 0

Jesús Muñoz (UNAM), SILAFAE 2024

Reconstruction efficiency is weakly 
affected by the choice of the absorber

ALI-SIMUL-586710
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 reconstructionJ/ψ

Disclaimer: 


In the following results,

PYTHIA's cross section 
needs to be corrected in 

order to match experimental 

measurements of J/ψ. 


Nonetheless, we still can 
make some remarks without 

this correction… 

Fig. Inclusive J/ψ production cross section at midrapidity in pp 

collisions. Data taken from [ALICE, Eur. Phys. J. C 81, 1121 (2021)]

Jesús Muñoz (UNAM), SILAFAE 2024

https://arxiv.org/pdf/2108.01906
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 reconstruction (pp collisions)J/ψ

Even though the signal-to-background ratio 
varies with the pion rejection factors…

…the significance is less affected, 
ensuring reliable detection of the signal 

across different conditions
Jesús Muñoz (UNAM), SILAFAE 2024

ALI-SIMUL-586720 ALI-SIMUL-586725



26

 reconstruction (pp collisions)J/ψ

Even though the signal-to-background ratio 
varies with the pion rejection factors…

…the significance is less affected, 
ensuring reliable detection of the signal 

across different conditions
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Summary 

• Simulations of the MID show a competitive performance in both pp and Pb-Pb simulations 

• Significance results suggest that detecting reliable signals under varying pion rejection 
factors is plausible 

• The expected radiation load does not represent a problem for plastic scintillators + SiPM 

• Results on a first prototype of the MID are on their way ( see Antonio Paz talk: 05/11/24, 19:15 [QCD2] ) 

Scintillators represent an excellent candidate for the MID  
(very simple, robust, cheap, excellent timing performance)

ALICE 3 will provide access to further understand the hottest- and longest-lived QGP available in 
any laboratory, with the MID playing an important role in this exploration

Jesús Muñoz (UNAM), SILAFAE 2024



28

Thank you  
for your attention!
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Backup
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MID specifications

Iron absorber, 
pseudorapidity-
dependent thickness:

~4 absorption lengths  

|η | < 1.25

One of the proposals for the MID are plastic scintillators equipped with 
wavelength-shifting fiber and SiPM for readout 

10 cmNo. of bars

4048 in layer 1

 3200 in layer 2

Jesús Muñoz (UNAM), SILAFAE 2024
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μ →
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Δη = ηextr. − ηbar
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Solid black line: 

approximate minimum 

momentum to have non-
zero  acceptance down 

to 

 and 

J/ψ

pT = 0 |y | < 1.5

Optimization of the 
absorber leads to good 

acceptance for  J/ψ

(Calculation by Antonio Uras)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.5− 1− 0.5− 0 0.5 1 1.50

1

2

3

4

5

6

)c
 (G

eV
/

p

η

Single muon acceptance vs p and pseudorapidity

Jesús Muñoz (UNAM), SILAFAE 2024


