Cherenkov light imaging detectors
in current particle and nuclear
physics experiments
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 |Introduction

— Review Cherenkov radiation and history of Cherenkov detectors

* RICH detectors in the current experiments

— | will not go into the detail of each detector, since it will be covered by
the subsequent talks.

— | will try to digest the features of each detector.

e Challenges

— | will not cover the R&D for upgrade or future experiments, since it will
be covered by M. Fiorini (DRD4) and C. Chatterjee.

— | will cover a few R&D topics conducted for the current detectors.

* Summary



Cherenkov radiation

Dissipation of energy of coherent electrons
“an electron moving in a medium does radiate light ... provided that its velocity
is greater than the velocity of light in the medium.” (Tamm and Frank)

* Timing
Immediate radiation

e Threshold
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* Polarization
Cherenkov light is linearly polarized.
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These characteristics and the
dependence on § enable
particle identification.
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History of Cherenkov detectors

Cherenkov photons by electrons from 1%t Cherenkov “counter” for cosmic muons
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History of Cherenkov detectors

A cosmic-ray gas Cerenkov counter World’s best TOF resolution of 6.2 ps
with adjustable velocity threshold K. Inami. et. al. NIMA 560 (2006) 303
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History of Cherenkov detectors

Proton beam kinetic energy measurement  Kamiokande (1983-1996)
from the Cherenkov angle Water Cherenkov detector
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History of Cherenkov detectors

RICH for the CERN OMEGA spectrometer BaBar DIRC

IEEE Transactions on Nuclear Science, 32, 674 (1985)
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PID with a RICH detector

For a given particle mass m, predict the Cherenkov ring radius from
its momentum p and trajectory measured by other tracking devices,
and compare this predicted radius with the measured value.

1 LHCb RICH-l (C4F10) Eur. Phys. J. C 73 (2013) 2431
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PID performance

The number of g separation between m; and m,

for a particle of § = 1 well above the Cherenkov threshold
B. N. Ratcliff, NIMA 502 (2003) 211
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Radiators .
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Number of generated Cherenkov photons

with respect to the radiator length and refractive index
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Same caveat as in page 10
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Same caveat as in page 10
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Same caveat as in page 10

Proximity focusing RICH
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Same caveat as in page 10
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Same caveat as in page 10
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Challenges

The RICH detectors in the current experiments are working fine, but some
concerns remain for the operation at higher luminosity, background and radiation
and for the environment.

e Photocathode lifetime

— e.g. ALICE HMPID Csl photocathode ageing nimass3 (2005) 187, Nim A574 (2007) 28
— e.g. TOP MCP-PMT photocathode degradation nimas7e (2017) 93

» The lifetime is dictated by the accumulated output charge.
It can also be extended by lowering the detector gain (while increasing the
readout gain instead).

* Occupancy
— e.g. LHCb RICH = Upgraded for Run 3

* Alternative to C,F,, and CF, gas radiator
— They have a large Global Warming Potential.
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Challenges

There is also some room for performance improvement.

* Chromatic dispersion
— The photon velocity in a material varies with the wavelength.

* Polarization of Cherenkov photons

— May be necessary to fully understand the detector response, or
fully exploit the characteristics of Cherenkov radiation (timing, N ;..o
angle, polarization) to achieve a better PID performance.
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Focusing mirror to correct chromatic dispersion

Belle Il TOP counter
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Wavelength cut filter to reduce chromatic dispersion

Belle Il TOP counter
e Cut light below 340 nm with a filter in front of the PMT.
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Higher QE at longer A to reduce chromatic dispersion
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Polarization of Cherenkov photons

Belle Il TOP counter
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Angle/polarization dependence of QE
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Angle/polarization dependence for TOP

Beam test result of Belle I| TOP counter at LEPS (no B-field)
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In a B-field, the Faraday effect should be considered.
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Summary

e Cherenkov detectors have evolved since 1980’s to meet the
requirements of various experiments.
— Counter, Water Cherenkov, RICH, DIRC, TOP, ...

* “Cherenkov ring imaging” detectors provide excellent PID.

* Those currently used in experiments have been well designed
and optimized for each experiment in terms of the radiator,
optics, photodetector.

— Important to transfer the expertise and knowledge to the next
generation.

* Let’s hear about their excellent work in the subsequent talks.
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