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Outline

• The future ALICE 3 barrel RICH detector

• Option: Gas-based 𝒆± ID enhancement

• Reconstruction and physics performance
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The ALICE 3 upgrade

Run 5

ALICE 3 motivation and concept
• ALICE main goal: access the dynamics of the strongly 

interacting matter produced in heavy-ion collisions 

• Fundamental questions will remain open after LHC 
Run 4, demanding for a next-generation experiment

CERN-LHCC-2025-002

2022: ALICE 3 Letter of Intent CERN-LHCC-2022-009
2025: ALICE 3 Scoping document: CERN-LHCC-2025-002

Let’s focus on the barrel RICH (bRICH) 
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Proximity-focusing RICH based on aerogel+SiPMs in a projective geometry 

The bRICH detector

Geometry
• All modules oriented toward the interaction point 

• Full coverage to charged particles without overlap

• Trapezoidal tile profile for maximum acceptance

Goal
• Extend PID beyond TOF limits

- /e, K/ and p/K the 𝑝 intervals  

[0.5, 2], [2, 10 ] and [4, 16] GeV/c

Specifications
• Aerogel: L ≈ 2 cm, 𝑛 = 1.03

• SiPM-based photodetector

- 2x2 mm2, PDE(450 nm) > 40%

Nicola Nicassio – Sustainable HEP 2025 4



Option: Gas-based 𝒆± ID enhancement

Goal
• Extend electron/positron identification above 2 GeV/c

• Required for dielectrons and quarkonia, e.g. J/ψ →  𝑒+𝑒− 

Strategy
• Fill bRICH vessel with gaseous radiator having n ≥ 1.00045

• 𝑒± ID enhanced by Cherenkov threshold-based discrimination

Gas refractive index
• Lower  𝑛 ⇒ Higher threshold for 𝜋 and heavier particles 

• Higher 𝑛 ⇒ Larger Cherenkov photon yield & cluster size

e 𝜋Aerogel ring

Gas cluster

3 GeV/𝑐 3 GeV/𝑐

Aerogel ring

No cluster

Only photon hits Only photon hits
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Looking for eco-friendly gas mixture

Problem
• Need for a gaseous radiator/mixture with refractive index n ≥ 1.00045

• Saturated Fluorocarbons (CnF2n+2) like CF4 and C4F10 used as Cherenkov 
gas radiators e.g. in COMPASS/LHCb, have high GWPs (5000-9000 CO2) 
and their production is being discontinued ⇒ They must be avoided 
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How do we continuously measure 
and adjust the molar fracs w1 & w2 ?

The SLD CRID gas radiator (1990s)

Looking for eco-friendly gas mixture

Problem
• Need for a gaseous radiator/mixture with refractive index n ≥ 1.00045

• Saturated Fluorocarbons (CnF2n+2) like CF4 and C4F10 used as Cherenkov 
gas radiators e.g. in COMPASS/LHCb, have high GWPs (5000-9000 CO2) 
and their production is being discontinued ⇒ They must be avoided 

Solution
• n ≈ 1.00045 provided by CO2, larger n provided by heavy-gas mixtures 

• Blending low molar concentration Fluoro-ketones (CnF2nO) with light 
gases such as N2 or CO2  can offer the required optical performance 
with GWPs equivalent to CO2 or even smaller

• From the molar concentrations w1/w2 and the refractive indices n1/n2 
to the refractive index of binary mixture: nmix = w1n1 + w2n2.

- E.g. nmix = 1.0006, C5F10O + N2  ⇒ wC5F10O ≈ 22%, wN2 ≈ 78%

- Criticality: Boiling point (e.g. C5F10O: 27 °C @1 bar) vs bRICH 
SiPMs temperature (-40 °C) ⇒ Studies on suitable gas ongoing
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Gas cluster topology
• Approximately 10 fired SiPMs per e cluster assuming baseline SiPM PDE
• The mean number of fired SiPMs follows the gap thickness of each sector 
• Minor losses occur at sector boundaries, where half of the cluster is lost 

Assuming PDE of HPK S13360-3050CS @ 3 Vov
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Gas cluster topology
• Curvature in magnetic field crucial for cluster reconstruction algorithms
• Gas photons distributed  in region with R ≈ 8 mm around 𝒆± impact point
• Expecting N p.e. > 1 in the first neighbor SiPMs to the 𝒆± impact point 

Electrons at 𝒑 = 3 GeV/c
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Gas-based 𝒆± ID in pp
• Challenge: Rejecting 𝒆±-like signals due to random clustering of bkg hits
• 𝒆± ID: Using ML algorithm based on XGBoost using Ncell/p.e. in 4 𝝓 regions
• Result: Excellent 𝒆± ID in pp (+ 50 kHz/mm2 DCR) up to the 𝝁/𝝅 th. in gas 
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pp, 𝒔 = 14 TeV, Pythia 8 
HPK S13360-3050CS @ 3 Vov

DCR 50kHz/mm2, 150 ps cut

pp, 𝒔 = 14 TeV, Pythia 8 
HPK S13360-3050CS @ 3 Vov
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Gas-based 𝒆± ID in central Pb-Pb
• Challenge: Rejecting 𝒆±-like signals due to random clustering of bkg hits
• 𝒆± ID: Using ML algorithm based on XGBoost using Ncell/p.e. in 4 𝝓 regions
• Result: Good ID with slight contamination due to large hit-track multiplicity
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0-5% PbPb, 𝒔𝑵𝑵 = 5.52 TeV
HPK S13360-3050CS @ 3 Vov
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HPK S13360-3050CS @ 3 Vov
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Physics case: QGP T evolution

arXiv:2211.02491
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Probing temperature evolution with 
differential spectra of 𝒎𝒆𝒆 and  𝒑𝑻,𝒆𝒆

arXiv:2211.02491

Using baseline bRICH 
with aerogel (no gas)
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Gas-based 𝒆± ID: Efficiency vs 𝒎𝐞𝐞, 𝒑𝐓,𝐞𝐞

• Using Aerogel only: 𝒆+𝒆− ID limited to 𝒎𝒆𝒆 < 𝟑 GeV/c2, 𝒑𝐓,𝒆𝒆 < 𝟐. 𝟓 Gev/c 
• Using aerogel+ gas: 𝒆+𝒆− ID extended to 𝒎𝒆𝒆 > 𝟓 GeV/c2, 𝒑𝐓,𝒆𝒆 > 𝟓 Gev/c

Very good prospects for ALICE 3 dielectron physics programme

0-5% Pb-Pb 0-5% Pb-Pb
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Gas-based 𝒆± ID: Efficiency vs 𝒎𝐞𝐞, 𝒑𝐓,𝐞𝐞

• Using Aerogel only: 𝒆+𝒆− ID limited to 𝒎𝒆𝒆 < 𝟑 GeV/c2, 𝒑𝐓,𝒆𝒆 < 𝟐. 𝟓 Gev/c 
• Using aerogel+ gas: 𝒆+𝒆− ID extended to 𝒎𝒆𝒆 > 𝟓 GeV/c2, 𝒑𝐓,𝒆𝒆 > 𝟓 Gev/c

Very good prospects for ALICE 3 dielectron physics programme
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Conclusions

Summary

• Filling the bRICH vessel with gaseous radiator with  n ≥ 1.00045 looks very 
promising to enhance 𝑒± ID up to ≈ 4 GeV as required for ALICE 3 physics

• The requirements can be achieved using eco-friendly gas mixture blending       
low concentration fluoro-ketones-like gases with light gases such as N2/CO2

• Stable ID performance with the current baseline bRICH geometry and SiPM 
technology from p-p to the most challenging high-multiplicity central Pb-Pb 

Next steps

• Identifying a low GWP gas to achieve the optimal optical properties with a 
boiling point lower than the bRICH SiPMs operation temperature  (-40 °C) 

• Beam test studies with various gases @ CERN PS-T10 in July  &  September
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Thank you for your attention
Nicola.Nicassio@ba.infn.it
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