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Detector Collaboration established in late July of 2022 
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mRICH Array and the Support Structure in EIC Experiments
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Front Back



X. He at RICH2022

mRICH Optics – Working Principle & Prototyping

9/15/22 6



X. He at RICH2022

mRICH Optics – Working Principle & Prototyping

9/15/22 6

2nd version

We are working on the 3rd version of mRICH prototype 
which will be closer to the final design of mRICH for the EIC 
Project Detector I, called ePIC.  
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3-cm Aerogel block (n = 1.03)

6” acrylic Fresnel lensMirror wall

Sensors

• Sharper & small ring image in comparison to 
proximity focusing 

• Compact, projective, and modular (confining 
signal photons within one module)
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Objectives of Prototyping Studies

2015

The first mRICH prototype 
was developed in 2015 and 
tested at Fermilab in 2016. 
The goal was to verify its 
working principle. The 
results were published in 
2017 in NIM A.

2018

The second mRICH prototype was 
designed with improvement of optical 
components and its integration with 
photosensor readout. The test was 
performed in 2018 at Fermilab.

2021

The third test was performed at 
Jlab in 2021 with the 2nd 
prototype together with a pair of 
GEM trackers. The focus of this 
test is to determine mRICH single 
photon angle resolution.

2024

3rd prototype beam test is planned. 
The focuses include optimizing focal 
plane location and Aerogel choice 
(thickness and the index of refraction)
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Technology evolution
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1st mRICH Prototype Beam Test – Proof of Working Principle
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2nd mRICH Prototype 
New Optical Component Design
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✓ Longer Fresnel focal length 
✓ Photosensors with smaller pixel size
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✓ Longer Fresnel focal length 
✓ Photosensors with smaller pixel size



beam

Fermilab Test Beam Facility

mRiCH was mounted in a test frame assembled with extruded 
aluminum bars. The frame was put on a motion table. No 
tracking detectors were available during this beam test. 

INFN Group provided readout
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Images from 120 GeV 
Proton beam

Simulated Images 
Using GEANT4

1st mRICH prototype was tested at Fermilab Test 
Beam Facility in April 2016

The 1st test beam result verified mRICH working principle and validated simulation
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Images from 120 GeV 
Proton beam

Simulated Images 
Using GEANT4

1st mRICH prototype was tested at Fermilab Test 
Beam Facility in April 2016

The 1st test beam result verified mRICH working principle and validated simulation

2nd mRICH prototype was tested at Fermilab Test 
Beam Facility in June/July 2018

New features: a) separation of optical and 
electronic components; b) longer focal 
length (6”); c) 3mm x 3mm photosensors. 
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Images from 120 GeV 
Proton beam

Simulated Images 
Using GEANT4

1st mRICH prototype was tested at Fermilab Test 
Beam Facility in April 2016

The 1st test beam result verified mRICH working principle and validated simulation

2nd mRICH prototype was tested at Fermilab Test 
Beam Facility in June/July 2018

New features: a) separation of optical and 
electronic components; b) longer focal 
length (6”); c) 3mm x 3mm photosensors. 
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mRICH Test at JLab
To quantify single photon angle resolution and Aerogel edge effects
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Photon beam

Electrons

mRICH Test Setup  
in Hall D at JLab
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Band of electron beam hits
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Cumulative Ring Patterns vs Beam Spots 
Test Data (with excellent statistics) 
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Solid rings in red are fitted ellipses
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Cumulative Ring Patterns vs Beam Spots 
Simulated Image Pattern Using GEANT4
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Cumulative Ring Patterns vs Beam Spots 
Simulated Image Pattern Using GEANT4
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With the same beam spot as shown in data 
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Fitting Ring Image Pattern on Event-by-Event Basis
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Unconstraint fit with an 
ellipse function with all 
hits on sensor plane. The 
results are not 
converging and unstable. 
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Fitting Ring Image Pattern on Event-by-Event Basis

9/15/22 18

Unconstraint fit with an 
ellipse function with all 
hits on sensor plane. The 
results are not 
converging and unstable. 

Constraint fit with an 
ellipse function by 
initializing the fitting 
parameter based on 
expected ring pattern. 
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Single Photon Angle Resolution
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To be available soon !!!
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Optimizing the focal plane location and Aerogel thickness
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Photosensors and Readout Electronics
•Two top candidates for photosensors (3mm x 3mm 
pixel size) 
• LAPPD (10 cm x 10 cm form factor) 

• SiPM  

•Readout electronics 
• 1024 channels 

• Fit to the back side of mRICH
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We are looking for groups to join the effort.
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Summary & Outlook
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o I hope that I have presented sufficient information about mRICH 
for the choice of particle identification detector in the electron-
going direction, especially there is a limited space for the full EIC 
physics program. 

o It took good eight long years as a R&D project supported by the 
US Department of Energy. 

oWe know there are several challenges ahead which include 
Aerogel production, photosensors choice (working in magnetic 
field), and readout. 

oWe are recruiting groups around the world to join our effort in 
building PID detectors for EIC experiments.
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Thanks for you attention
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Two GEM Tracking Chambers Borrowed from UVA 
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Upstream view Downstream view

[Note: This is the first time that we were able to test mRICH performance with a 
tracking system. Big thanks go to Kondo at UVA.] 
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mRICH – lens-based focusing aerogel detector
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