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TORCH GOAL

Low momentum particle identification 

(PID) system:

• Τ𝜋 Τ𝐾 𝑝 distinction

• Particle momentum between 2GeV/c 

and 10𝐺𝑒𝑉/𝑐 (below RICH1 threshold)

• 3𝜎 of accuracy in PID

Time-of-Flight based 

PID system



TORCH

Time of Flight PID

Cherenkov Light

Time Of internally Reflected CHerenkov light for charged particle identification

DIRC PID system 



TORCH
Time Of internally Reflected CHerenkov light for charged particle identification

Cherenkov Light



Time of Flight PID
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Working Principle
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𝜃𝑥 = 𝜃𝑥 𝑥𝑝𝑖𝑥𝑒𝑙

𝜃𝑧 = 𝜃𝑧 𝑦𝑝𝑖𝑥𝑒𝑙

𝐻: 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑡𝑟𝑎𝑗𝑒𝑐𝑡𝑜𝑟𝑦

Measurements

𝒕𝑻𝒐𝑭

𝒙𝒑𝒊𝒙𝒆𝒍

𝒚𝒑𝒊𝒙𝒆𝒍



Working Principle

Additional issues for reconstruction:

1. Secondary particles

2. Chromatic dispersion

No correlation 
in y-direction



Working Principle

Additional issues for reconstruction:

1. Secondary particles

2. Chromatic dispersion
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𝑛𝑔 𝐸 = 𝑛𝑝 𝐸 + 𝐸
𝑑𝑛𝑝
𝑑𝐸



TORCH: Detectors 

Main Challenges:

• Single-photon time resolution: 𝜎𝑃ℎ = 70 𝑝𝑠 → 𝝈𝑻𝒐𝑭 ≈
70 𝑝𝑠

30
= 𝟏𝟐. 𝟖 𝒑𝒔

• Accuracy in 𝜃𝑥 and 𝜃𝑧 better than mrad Clustering algorithm



GEANT4 Simulations
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GEANT4 Simulations
Low 𝑁𝑃ℎ𝑜𝑡𝑜𝑛𝑠 High 𝜎𝑡



Proto-TORCH
Main differences w.r.t. TORCH:

• One half-height, full-width panel

• Two MCP-PMTs positioned adjacent to the upper 

corner of the radiator plate



Proto-TORCH: Test Layout
Beam positions



Proto-TORCH: Analysis and Results
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Conclusions and Future Works

Per-track time resolution 

• Strong agreement between Geant4 simulation 

and Proto-TORCH results for photon yields

• Requirement in single photon time resolution 

respected for paths 1 and 2

• Necessity of better path and travel time 

reconstruction for long photon paths

• Required further analysis of the correlation of 

closely spaced hits of photons on the detectors
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