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High-luminosity era of the LHC 

LHC programme 

HL-LHC

2

LHC LS2 LHC Run 3 LHC LS3 LHC Run 4 LHC LS4 LHC Run 5
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

TODAY ALICE 3

High luminosity for ions
High luminosity LHC
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The LHC program and the ALICE upgrade
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Run 1

2009-2013

Run 2

2015-2018

pp, 

p-Pb, Pb-Pb

pp, p-Pb, 

Xe-Xe, Pb-Pb

ALICE 1

Run 3

2022-2025

Run 4

2029-2032

pp, p-O, O-O, 
p-Pb, Pb-Pb

pp, 

p-Pb, Pb-Pb

ALICE 2 ALICE 2.1

Run 5
 Run 6


pp, 

p-A?, A-A

pp, 

p-A?, A-A

ALICE 3

High luminosity for ions
High luminosity LHC

Higher luminosity for ions

Major upgrade Intermediate  upgrade

Detectors: ACORDE, VZERO, AD
FIT (FDD, FV0), TPC

Computing Resources
Physics: participation in the 
publication of 18 scientific 

publications of ALICE 
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ALICE 3
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Novel and innovative detector concept
Compact and lightweight all-silicon 
tracker 

Retractable vertex detector

Particle identification systems

Large acceptance 

Superconducting magnet system / Continuous 
read-out and online processing
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Status and planning ALICE 3
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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
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MuonID (3 options)
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Figure taken from: NIM A 1012 (2021) 165617 

S13360 series

RPC (talks by Varchaswi Kashyap, 
Zubayer Ahammed, Saikat Biswas)

Plastic scintillator  + SiPM for readout

(talks by Ildefonso León, Mario Rodríguez, Varlen Grabski)

MWPC (talk by Dezso Varga)



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

Organisation (muonID)
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Physics performance + offline

MC simulations (detector + physics performance)


Plastic scintillator and WLS fibres

characterisation of photosensors, machine the bars, chemical 
reflectors, adhesive, …


RPCs (eco gases), MWPC


Mechanical structure


Electronics

FEE and DAQ

Define responsibilities for R&D

Voluntarios: ¿? 

Voluntarios: ¿?

Voluntarios: ¿?

Voluntarios: ¿?

In this workshop we will define responsibilities for the different tasks
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Backup
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MuonID (absorber)
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Absorber: ,  
length: 10 m, weight: ~1kt

Rin = 2.05 m, Rout = 2.75 m

Absorber (iron)

x

y

z
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MuonID (chambers, example with scintillator)
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Absorber (iron)

2 layers of muon chambers

Scintillator bars equipped with wave-length shifting fibres (width 5 cm, gap 
between layers 10 cm)

Absorber: ,  
length: 10 m, weight: ~1kt

Rin = 2.05 m, Rout = 2.75 m

x

y

z
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MuonID (chambers)
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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
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MuonID (chambers)
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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
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Timing requirements (preliminary ideas)
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layer 1

layer 2

Typical time resolution of the detector (scintillator+WLS+SiPM) is of a few ns

100 cm

5 
cm 1 cm

Time information can be provided by the 
average of the times measured at both ends 
of the bars 

Since we will match muonID tracklets with tracks, maybe we can aim at a detector 
readout time of  ~100 ns

We are interested in events in which at least one bar (two 
channels) is activated in each layer of the muonID (keep in 
mind that we would have ~13500 channels). Using the 
centers of the fired bars a tracklet can be reconstructed
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Pythia 8.304 Angantyr + Geant 4 v11
 = 5.02 TeVNNsPb-Pb 

Particle fluence in the muonID region
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Primary particles which were not filtered by the 
absorber

Absorber (iron)0 2 4 6 8 10 12 14 16 18
trkN
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1)
trk

N
P(

2@24MHz, (primary+sec) particle fluence: 9 Hz/cm
|<1.2)η: 0.7 (in the MuonID region, |trkNmean 

Pythia 8.304 HardQCD + Geant 4 v11
 = 14 TeVspp 

pp: 9 Hz/cm2

MB Pb-Pb: 4 Hz/cm2

Secondary particles can be produced in the absorber

⟨Nch⟩hardQCD ≈ 2.3⟨Nch⟩MB
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Rejection factors (just due to absorber)
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Only primary particles which reach the muonID region 
are considered, rejection factors between 50-100% 
are seen 
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Tracklets from hits (ideal case)
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Absorber (iron)

20− 15− 10− 5− 0 5 10 15 20
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 = 14 TeV Pythia 8.304 + Geant 4 v11spp 
 =3.6 cmxσ

hit position, (xhit1, yhit1, zhit1)

hit position, (xhit2, yhit2, zhit2)

linear extrapolation of the track from 

a hit position before entering the 

absorber: (xextrapol, yextrapol, zextrapol)

The simulations include the absorber, here 
it is not shown for better visibility of the 
chambers. For the same reason the 
spacing between bars was exaggerated 
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Tracklets from hits (ideal case)
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Absorber (iron)
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hit position, (xhit1, yhit1, zhit1)

hit position, (xhit2, yhit2, zhit2)

linear extrapolation of the track from 

a hit position before entering the 

absorber: (xextrapol, yextrapol, zextrapol)

The simulations include the absorber, here 
it is not shown for better visibility of the 
chambers. For the same reason the 
spacing between bars was exaggerated 
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Backup
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Muon chamber (baseline option)

19
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Spatial resolution
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Absorber (iron)

hit position, (x1 hit, y
1 hit, z

1 hit)

Bar width: 5 cm, 

expected resolution ~ 5 cm/ 12 ≈ 1.4 cm

100 cm
5 

cm 1 cm

The simulations include the absorber, here 
it is not shown for better visibility of the 
chambers. For the same reason the 
spacing between bars was exaggerated 
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Spatial resolution
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Absorber (iron)

hit position, (x1 hit, y
1 hit, z

1 hit)

rec position, (x1 bar, y
1 bar)

Bar width: 5 cm, 

expected resolution ~ 5 cm/ 12 ≈ 1.4 cm

100 cm
5 

cm 1 cm
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The simulations include the absorber, here 
it is not shown for better visibility of the 
chambers. For the same reason the 
spacing between bars was exaggerated 
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Tracklets reconstructed in muonID
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Absorber (iron)

Pb-Pb

linear extrapolation, track
layer 1 is fired

xrec = xlayer1, yrec = ylayer1 
layer 2 is fired

zrec=zlayer2

20− 15− 10− 5− 0 5 10 15 20
 (cm)extrapol.-xtracklet (layers)x

0.05

0.1

0.15

0.2

0.25

0.3

0.35

C
ou

nt
/in

te
gr

al

 = 14 TeV Pythia 8.304 + Geant 4 v11spp 
 =4.6 cmxσ

20− 15− 10− 5− 0 5 10 15 20
 (cm)extrapol.-ztracklet (layers)z

0.05

0.1

0.15

0.2

0.25

0.3

0.35

C
ou

nt
/in

te
gr

al

 = 14 TeV Pythia 8.304 + Geant 4 v11spp 
 =7.6 cmzσ

We only need to know which bars were fired
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Geant4 simulations
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Scintillator: vinyltoluene, gap between scintillator bars: 2mm
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Charmonius states

24
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Example: SiPM
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Example: scintillator plastic, optical fibre
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Selected physics cases: exotic hadrons
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Multiquark hadrons are called 
exotics:


“tetraquarks”: qqqq

“pentaquarks”: qqqqq

The first heavy quark exotic: X(3872)
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Run 1 and 2: ACORDE and V0 (scintillation detectors)

Run 3: new FV0 and FDD detectors (scintillator 
detectors), TPC upgrade

Data analysis / MC simulations

Contributions to ALICE

32

single MIP time resolution of ≈ 200 ps

Example for FDD
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Fibres
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The light produced by the particle interaction has to be collected, re-emmited, 
and transported to the photodetectors efficiently by WLS fibres


Companies: Saint-Gobain and Kuraray factories

Multiclad fibres with long attenuation length (~2-3 m). Tests with other fibres 
smaller attenuation lengths 
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Existing studies (FNAL-NICADD)

34

Typical time resolution, ~1 ns

W. Baldini, JINST 12 (2017) 03, P03005

https://inspirehep.net/literature?q=a%20W.Baldini.2
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Existing studies (FNAL-NICADD)
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W. Baldini, JINST 12 (2017) 03, P03005
With this  option, the estimated cost can be reduced to 0.2 MCHF. But different 

scintillator plastics will be tested (BC-408, )

Typical time resolution, ~1 ns

https://inspirehep.net/literature?q=a%20W.Baldini.2


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

ALICE 3
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Vertexer detector: retractable 
detector, Rin~5mm

MuonID:

iron absorber, scintillating bars, 
WLS, SiPM

RICH: aerogel radiator, 
SiPM readout
Tracker: monolithic 
CMOS sensors
Tracker: monolithic 
CMOS sensors

Time-of-flight detector monolithic 
CMOS sensors with gain layer
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Charmonium states 

37

Charmonium production as probe of QGP in heavy-ion collisions

Sequential dissociation → expectation of stronger 
suppression for ψ(2S) w.r.t J/ψ

P-wave (L = 1) spin triplet (S = 1) χ states 
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Multi-charm baryons
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Expected enhancement of multi-charm states 
provides high sensitivity to equilibration


Systematic measurement of hadron yields 

Luminosity, acceptance, vertexing, PID,  
strangeness tracking

Hadron yields in statistical 
hadronisation model 
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Low cost extruded scintillator
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Low cost (~45 USD/kg), if equipped with 
WLS fibre ->good optical response 

Fermilab extrusion facility (FNAL-NICADD)


Produced scintillators for MINOS/
SciBar/INGRID/P0D/ECAL/WAGASCI


May need to produce/test new die


We need ~ 4 t of scintillator (0.17 MCHF)

https://ieeexplore.ieee.org/abstract/document/1462328

Bar dimensions (h x w x l) 
cm3L1 (1.0X4.5X300) cm3

L2 (2.0X4.0X300) cm3

Polystyrene, dopants (PPO 
and POPOP)


