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pfRICH Photosensor Requirements
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❑ Sub millimeter spatial resolution (should not be 
dominant contribution to Cherenkov photon 
resolution)

❑ SPE timing resolution: sigma of gaussian core < 50 ps

❑ Dark count rate: few KHz/cm2 is acceptable

❑ Low power dissipation 

❑ Compact form factor to maximize space for proximity 
gap



Ringing Study



MCP-PMT Ringing
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❑ Observed that PHOTONIS MCP-PMTs can develop coherent oscillations 
or “ringing” (9002108) when hit with many photons at once – would 
extend into unilluminated areas

❑ Redesign of readout backplane largely eliminated the problem

❑ Ringing is unlikely to be an issue in 
the pfRICH where photon 
occupancy will be low – even with 
background

❑ hpDIRC will see much higher 
occupancies – sometimes up to 
200 photons in a 20 – 30 ns 
window

❑ Crucial that we test the HRPPDs 
under these conditions to see if 
such coherent oscillations arise 

❑ Look for the onset of and quantify 
the ringing effect and probe how 
multiphoton background affects a 
signal pulse



BNL HRPPD Test Stand
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Laser

Computer

Dark BoxHV Supply

Scope

DRS4 Digitizers



Pulsed LED Setup
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FPD Laser Trigger

Laser Signal

LED Signal + ringing

Delayed laser 
pulse to after 
the LED fired

Can see the ringing 
well in fast acquisition



Pulsed LED Intensity Scan
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Run 311032 LED HV = 19.4

Trigger

Discriminated 
Trigger

Laser

LED Ringing



HRPPD Mask and Readout Change
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Mask bottom half of HRPPD



HRPPD Mask and Readout Change

TIC Meeting - Aug 10, 2026 9



Long-Duration LED Pulser
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Long LED Pulser on 
unmasked channels

Ringing seen in masked 
channels



Long Duration LED Digitizer Signals
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Run 311067 – long 
duration LED

❑ Long duration LED pulses 
seen in unmasked 
channels

❑ Ringing after LED pulse 
not as prominent as was 
seen for the short 
duration LED

❑ Difference in intensity? 
Filter effects?



HRPPD Ringing To-Dos
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❑ Ringing studies are very new – extensive offline analysis still needs to be completed

❑ Need to cross calibrate data from the two LEDs and estimate photon flux

❑ LED delay can be adjusted – took several data sets with reference laser pulse in or out of LED pulse. 
Quantify effect that “background” photons have on “signal” pulse

❑ Gerard modified an HRPPD to capacitively couple the bottom MCP to ground – take data with this 
configuration



CERN Test Beam



pfRICH / HRPPD Test Beam @ CERN
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See presentation in pfRICH General 
Meeting: 
https://indico.bnl.gov/event/33511/

https://indico.bnl.gov/event/33511/


Test Beam Goals
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❑ HRPPD performance in particle beam
➢ Imaging photons
➢ Window flashes
➢ Timing

❑ Direct Npe measurement (aerogel + filter + HRPPD PDE)

❑ Cherenkov angle resolution (comparison to MC)

❑ 𝜋/K and e/𝜋 separation

❑ FCFD first look

❑ Mirror evaluation (conical and pyramid)
➢ ID reflected photons

❑ Laser monitoring system
➢ Delay calibration using PiLas laser



Apparatus
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SPS Results
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Below: A single events with waveforms 
of a multi-photon flash produced by a 
beam particle
in the HRPPD #5 window (8x8 pad area)
 

Above: Example of online monitoring plots for GEM trackers 
showing hit positions, amplitudes, residuals, etc.



PS Beam Time Summary
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PS Period Data Set
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❑ Took roughly 3.2 million events over 
the 2 week period

❑ About half of these came in the last 5 
days – stable running period

❑ Data quality evaluations have not 
started yet – final usable event count 
not known

❑ Also took several thousand events 
with high precision scope – beam 
duty cycle and scope acquisition 
speed made data taking difficult

❑ Usable data will be spread out amongst multiple beam and apparatus 
configurations
➢ 9 different energies between 2 and 11 GeV and two charge states
➢ Different aerogel – sensor distances
➢ Small dedicated samples with mirrors and FCFD
➢ Cherenkov pressure settings for dedicated electron ID



Example Fast-Offline Result

TIC Meeting - Aug 10, 2026 20

❑ Distance from track to photon at the 
sensor plane (in mm) from a 7 GeV run – 
Cherenkov ring radius at the HRPPDs

❑ Pion (right) and proton (left) peaks 
clearly visible – Kaon fraction will be tiny

❑ Peak positions roughly consistent with 
aerogel refractive index, expansion 
distance, and refraction at aerogel-gas 
boundary 



Beam Test Summary
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B-Field Resilience Tests  



HRPPD B-Field Test Introduction
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❑ HRPPDs at ePIC will operate in magnetic fields on order of 1.5 T and angles 
of up to 13 degrees between the window normal and B-Field direction

❑ Already established that LAPPD gain and efficiency drop in magnetic field 
but recovery is possible by increasing bias voltages

❑ Establish if HRPPDs show similar behavior by investigating HRPPD 
performance (gain, timing, afterpulsing, etc) over HV, B-Field strength, 
inclination angle parameter space

❑ Independent tests carried out at CERN by INFN Trieste & Genova teams 
and at BNL by Incom, Yale, USC, and BNL personnel

❑ See reports at Jan 12 TIC meeting for more detail: 
https://indico.bnl.gov/event/31009/

https://indico.bnl.gov/event/31009/


CERN and BNL Setups
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Warm Dipole

Sled-mounted 
HRPPD enclosure

PiLas laser control

10’ rail system

HV, digitizers, NIM 
logic

DAQ PC

M113 Magnet (CERN) 18D72 Type Dipole @ SMD (BNL)



B-Field Data Sets 

TIC Meeting - Aug 10, 2026 25

BNL: ~1500 runs ~7.5 TB of data



Charge Spectra vs B-Field
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(1600 fC -> Gain of 10^7)

INFN BNL

❑ Collected charge (gain) drops exponentially as a 
function of B-Field 



HRPPD Gain Vs Tilt Angle
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❑ Both tests show dip in gain at a tilt angle corresponding to 
the capillary orientation of MCP closest to the 
photocathode

❑ Also, slight dip seen when alignment matches other MCP



B-Field Summary
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HRPPD Aging Studies



HRPPD Aging Introduction
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❑ Extended operation can damage the photocathode (ion backflow altering PC 
chemistry) – lowering quantum efficiency over time

❑ Damage should be proportional to incident photon flux on HRPPD – detailed 
estimates for flux at pfRICH compiled by A. Tamis and B. Page

❑ Accelerated aging test stands at Jlab, BNL, and Trieste

❑ See report at Oct 20, 2025 TIC meeting: https://indico.bnl.gov/event/30238/

❑ See talk by J. Agarwala at RICH2025

See report at May 18 TIC meeting: 
https://indico.bnl.gov/event/32710/

https://indico.bnl.gov/event/30238/
https://indico.bnl.gov/event/30238/
https://indico.gsi.de/event/20387/contributions/90472/
https://indico.bnl.gov/event/32710/


Aging Setup at INFN
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Aging Optics at INFN
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Aging Results - INFN
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J. Agarwala



General HRPPD QA



General HRPPD QA Introduction
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❑ There are a number of “operational” quantities which are important for the suitability of the use of 
HRPPDs in the pfRICH 
➢ Gain
➢ Quantum Efficiency
➢ Photon Detection Efficiency / Collection Efficiency
➢ Transit Time Spread
➢ Dark Count Rate
➢ Afterpulsing

❑ Test stands available at JLab, BNL, and Trieste

❑ See talks by C. Chatterjee at Lehigh Collaboration Meeting and Aging Meetings: 
https://indico.bnl.gov/event/24127/, https://indico.bnl.gov/event/29198/ 

❑ See report at Oct 20, 2025 TIC meeting: https://indico.bnl.gov/event/30238/

https://indico.bnl.gov/event/24127/
https://indico.bnl.gov/event/24127/
https://indico.bnl.gov/event/29198/
https://indico.bnl.gov/event/29198/
https://indico.bnl.gov/event/30238/


Gain Scans at BNL
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QE Scans at BNL
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Measurement Wavelength = 365 nm



PDE Scans at BNL
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Nucl.Instrum.Meth.A 1082 (2026) 171058



Timing Resolution Studies at BNL
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HRPPD QA Summary
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❑ Test stands and procedures are in place to do tile-by-tile QA
➢ HRPPD QA document being written up

❑ QA on initial batch of HRPPDs from Incom show performance within our specifications
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