
R&D on particle identification 
and photon detection

Chandradoy Chatterjee



COMPASS RICH-1

❏ High momentum PID pi/K/P 
separation upto 60 GeV/c. Wide 
acceptance (+- 250 mrad).

❏ A large gaseous RICH (3m radiator) 
with C4F10 is used to serve the PID. 

❏ INFN TS has played the leadership 
role in the R&D, construction, and 
successful operations for TWO 
DECADES!

❏ Sophisticated reconstruction 
software, upgrades with cutting 
edge technologies are outcome of 
the INFN TS endeavor. 
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COMPASS RICH-1
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COMPASS RICH-1: 2016 Upgrade

Eight year long R&D, came with promising results! 4
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Gaseous detectors HV system and monitoring 

   5%

Good Uniformity across the detector
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The high voltage system with pressure and temperature corrections for the novel MPGD-based photon detectors of COMPASS RICH-1, J Agarwala et al.; https://doi.org/10.1016/j.nima.2019.162378
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R&D effort for EIC RICH
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Trends in particle and nuclei identification techniques in nuclear physics experiments Open access Published: 08 March 2022 Volume 45, pages 189–276, (2022)
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Nanodiamond 

❏ After extensive R&D we understood that hydrogenated nanodiamond based photo 
cathode does not provide reproducible QE for RICH application. 

❏ However, the have DLC like QE and it is more robust as compared to CsI. Possible 
application for timing detectors coupled to MPGDs.

❏ For a dual Radiator RICH or pfRICH we also don’t want large photon yield in the far UV. 
❏ Important lessons for QE and aging measurements. 7
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Minipad 
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ePIC PID requirements

Challenging PID. 
LAPPD/HRPPD based sensors 
to provide time-of-flight to 
perform low momentum PID.
Less than 100 ps time 
resolution for single 
photo-electron is required!
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LAPPD activities in TS 

Thorough characterization of the LAPPD in 
INFN TS lab
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LAPPD in CERN test beam

The beam test demonstrated 
that LAPPD like MCP PMTs 
can provide ~80 ps time 
resolution for Single 
photo-electrons.

Critical inputs for EIC 
requirements have been 
pointed out.  

Characterization of LAPPD timing at CERN PS testbeam; D.S.Bhattacharya et al. DOI: https://doi.org/10.1016/j.nima.2023.168937
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LAPPD in magnetic field

Gain and efficiency to detect single photo 
electrons has been studied in the magnetic 
field. All components were checked at 
INFN-TS before inserting to the magnet. 

The loss in the gain and efficiency due to 
magnetic field can be improved by 
increased by increasing the MCP voltage. 
However, the right voltage configuration is 
object depended. Has to be tuned sensor 
by sensor.  
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ePIC dRICH gas radiator

The system already existing for COMPASS gas system is used for the 
measurement of transparency C2F6 (baseline for dRICH)
INFN TS designed the mechanical system, assembly and beam test 
with a pressurized dRICH.  

A set up for measuring precise refractive index of the gas radiator is procured and 
tested. With a simple readout is made. Studying refractive index <10 ppb is feasible.   13
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LAPPD Aging studies in TS

Aging study aims to 
quantify the change in 
the performance of the 
detector components 
(PC, MCP) with light 
illumination. 
Critical aspect to 
monitor currents in 
different electrodes. 

Constructed for THGEM studies

Procurement for optics is 
ongoing
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Soon arriving…

Similar characterization for HRPPD is 
foreseen.
Preparation to characterize the SiPM 
based photosensors for dRICH is 
ongoing.
To characterize the radiator gas for 
dRICH in the interesting wavelength 
region will be made in INFN-TS. 
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Simulation studies (pfRICH)
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ATHENA

ePIC

Chandradoy Chatterjee, EPPSU-25, Workshop, Trieste 20 Nov, 2024



Simulation studies (dRICH optimization) 

Optimization of Optics
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Simulation studies (dRICH performance)
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Detailed simulation studies have been made. This is an ongoing 
effort. A potential synergy between pfRICH and dRICH. 

Particle Identification with the ePIC detector at the EIC; DOI: https://doi.org/10.48550/arXiv.2410.20410
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Thank you!
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Jamin Interferometer
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LAPPD in Magnetic field
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LAPPD in Magnetic field
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LAPPD in Magnetic field
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LAPPD in Digitizer
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LAPPD cross-talk
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Oscillatory signal observed when beam spot is larger and small 
Cherenkov signal. A Directly coupled readout will be better! HRPPDs 
are designed for ePIC are directly coupled 
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