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5.
3m

ePIC PID System

Particle Identification Detectors
• High performance DIRC (barrel)

• Dual radiator (aerogel+gas) RICH (forward)

• Proximity focussing RICH (aerogel) (backward)

• TOF ~ 30ps (AC-LGAD) (barrel and forward)

• Unprecedented coverage over wide range of momenta and η

• Charged hadron separation on track level (π/K/p)

• Supports electron identification (e/π discrimination in DIS)

Physics from key exclusive and semi-inclusive reactions demand 
3σ π/K/p separation for:

• p ≤ 7 GeV/c for -3.5 < η < -1.0 (backward)

• p ≤ 6 GeV/c for -1.0 < η < 1.0 (barrel)

• p ≤ 50 GeV/c for 1.0 <  η < 3.5 (forward)

Example from ePIC preTDR
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Cherenkov Detectors

5.
3m Dual Radiator RICH 

(dRICH)

High Performance 
Detection of 

internally reflected 
Cherenkov light 

(hpDIRC)

Proximity-focussing 
Ring Imaging 

Cherenkov 
Detector (pfRICH)
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Cherenkov Systems in ePIC

pfRICH

Image from ePIC preTDR

Aerogel

• 3 radial bands, opaque dividers

• 2.5cm thick, 42 tiles


Vessel

• Honeycomb carbon fibre sandwich

• Carbon fiber reinforced plastic

• Filled with N2


Photon Sensors

• σ<50ps for single photons (in core part of timing 

distributions)

• 10-20ps for multiple photons in entrance window


• → TOF and ePIC start time reference

• <1mm spatial resolution

• Low dark count rate (few kHz/cm2 acceptable)

• → HRPPD ( / MCP)


HRPPDs

• 120mm size

• Tiled with 3mm gap

• 68 sensors
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Cherenkov Systems in ePIC
Image from ePIC preTDR

hpDIRC • Developed from BaBar DIRC and PANDA lens-based focussing 
barrel DIRC


• 12 optically isolated sectors (1 sector = bar box and readout box)


Photon sensors:

• Cherenkov angle reconstructed for each track from hit positions and 

arrival times

• SPE and TOF capability (<75ps)

• <1mm spatial resolution

• Low dark count rate (few kHz/cm2 acceptable)


• → Pixellated MCP-PMT photo sensors


• (HRPPDs would be more cost effective and will also be considered if 
current developments demonstrate they are suitable also for DIRC. 
Current HRPPD developments focussed on pfRICH)
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Cherenkov Systems in ePIC
Image from ePIC preTDR

dRICH

• C2F6 gas and aerogel

• Wide momenta coverage up to 50GeV/c


• Spherical mirrors to focus photons

• Orientation of magnetic field problematic for 

conventional PMTs or MCP-related technology


• → SiPMs


• Robust R&D underway by INFN for SiPM solution 
(including cooling and annealing recovery for radiation 
damage)
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UoG Plans

pfRICH hpDIRC

• Capabilities of both MCP PMTs and HRPPD still need to be fully demonstrated


• University of Glasgow involved in photon sensor activities for hpDIRC and pfRICH


• Currently

• testing MCP PMTs for hpDIRC via funds and equipment received from DOE and JLab EIC-Related R&D project 

“eRD110 - Photosensors for EIC Detectors"

• Future hoped plans (tentative)


• HRPPD tests and partake in photon sensor/readout related pfRICH test beams

MCP PMTs
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MCPs to HRPPDs

Segmented anode leads to 
pixellated MCP-PMT

LAPPD images from Incom website (https://incomusa.com/lappd/)

• Established technology

• Electron multiplication stage provided by coated glass capillaries

• High gains and single photon sensitivity, high intrinsic time 

resolutions, high position resolutions, low dark count rates

• Better immunity to magnetic fields than conventional PMTs, but 

worse than SiPM

• Expensive → move to large area, cheaper MCP sensors being 

developed by Incom

• e.g. original LAPPD - large area picosecond photodetector

e.g. ~6cm x 6cm, 64 pixels 
planacon from Photonis

https://incomusa.com/lappd/
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MCPs to HRPPDs

• ePIC and EIC project collaborating with Incom to develop novel HRPPD for ePIC 
Cherenkov detectors


• Focus so far on pfRICH since HRPPD are baseline photosensor choice

• Developments led by A. Kiselev (BNL) et al. from pfRICH, BNL, JLab, and eRD110

• Characterisation of first 7 tiles are underway

• Readout by EICROC (being developed by Omega for AC-LGAD)


• Series of LAPPD/HRPPD workshops reporting latest developments (not covered here)

• e.g. latest edition @ https://indico.cfnssbu.physics.sunysb.edu/event/265/

All images/slides from A. Lyashenko and M. Popecki (Incom), 4th LAPPD/HRPPD workshop

https://indico.cfnssbu.physics.sunysb.edu/event/265/
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Existing Laser Test Stand at University of Glasgow

INCOM 
LAPPD-Gen2

CAEN 
Digitiser

Thorlabs XY stepper motors

PiLAS Lasers

Example 
set up

• PiLAS red (634.7nm) and blue (407.2nm) fast lasers

• Eg for red: 2ps jitter, 36ps FWHM

• Focussed spot size 0.1mm up to ~1mm

• Flood field available via diffuser

• CCD with no optics to characterise beam spot very precisely

• ND filters to control photon level


• Thorlabs sub-mm (0.1um, 5% accuracy) X and Y stages, plus manual z-stage


• Reference detector setup possible: eg beam splitter w/ photodiode or SiPM


• Various readouts e.g.:

• Digitisers w/ DRS4 chip, 5GS/s (CAEN DT5730B, DT5720, DT574)

• High bandwidth scope

• CAEN VME QDCs (v792), TDCs (v1190 and v775)

• Different multi-anode PMT front end ASICs have been tested in past (e.g. 

MAROC3 ASIC from Omega, IDEAS ROSMAP-MP DAQ)

• Keithley pico ammeter source meter (model 2614B)

CCD images of laser spot
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• UoG team experienced in testing 
wide array of different photon 
sensors in this test stand


• i.e. test stand well characterised


• Range of photon sensors studied:


• Conventional PMTs, multi-
anode PMTs (MAPMTs), 
SiPMs and SiPM Arrays, 
single channel MCP PMTs, 
LAPPD Gen II 


• e.g. CLAS12 RICH MAPMT 
feasibility studies 

Images from: M. Mirazita et al.,

https://doi.org/10.1016/j.nima.2019.01.070

Hamamatsu H8500 and 
H12700 MAPMTs in 1st 
CLAS12 RICH sector

CLAS12

Existing Laser Test Stand at University of Glasgow

RICH



R. Montgomery, UK-EIC, Nov 2024 12

Example Previous MAPMT Studies at UoG

64 pixels with 1mm beam 

1 pixel with 
0.1mm beam

Hamamatsu H8500 (8 x 8 pixels)

Pixel pitch (ie 6mm steps) 
relative gain and timing 

resolution maps

Single photoelectron level for 
Cherenkov studies

Crosstalk

UoG tests of H8500 for CLAS12 RICH in laser test stand



R. Montgomery, UK-EIC, Nov 2024 13

• European Spallation Source (ESS) under 
construction in Lund (Sweden) will be a high 
power neutron spallation source


• Several instruments for neutron detection


• Studies performed for “SoNDe” test module 
in collaboration with K. Fissum et al. (Lund 
University)


• SoNDe - Hamamatsu 12700 MAPMT plus 
GS20 scintillator for neutron detection

Image from M.J.Christensen et al., JINST 13 (11), T11002

Example Previous MAPMT Studies at UoG

Results from L. Boyd UoG Thesis

Crosstalk 
Multi-photon level 
relative gain scan

Response to mm scan after Am-
Be source instead of laser

European Spallation Source
https://europeanspallationsource.se/about



R. Montgomery, UK-EIC, Nov 2024 14

MCP PMT Activities Planned in UoG

• Validate MCP PMT performance for hpDIRC 

• Current candidate MCP-PMT is Photek Auratek 
MAPMT253 Multi-Anode MCP-PMT 

• 64 x 64 pixel, square MCP PMT 
• Developed for TORCH time-of-flight Cherenkov 

detector for LHCb Upgrade II 
• Pulse rise time <175ps, single photon transit time 

spread <40ps rms 

• MAPMT253 will be tested in UoG 
• Ordered Dec 2023 via eRD110 - still waiting on 

delivery to UoG, but expect it end of Nov

Specs of MAPMT253 to be tested in UoG

https://ieeexplore.ieee.org/
document/9507873

Image from Photek

QE curves from Photek

From spec sheet: https://www.photek.com/pdf/datasheets/
detectors/DS042 Technical Note Auratek.pdf
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• Readout to 32 channel V1742 CAEN digitiser (5GS/s) 
• Digitiser and PCIe card on loan from University of South 

Carolina 
• 32 MMCX-MCX co-ax cables 

• PMT backplane designed and produced by A. Kislev (BNL) 
• Backplane matches HRPPD backplane designed for HRPPD 

EICROC front-end readout 

• Planned Tests with MAPMT253 include  
• Time resolution 
• Relative gain uniformities 
• Crosstalk studies 
• Collection efficiency 

• Also plan to upgrade test stand using eRD110 funds 
• Calibrated photodiode → absolute gain 
• Different wavelength LEDs/upgraded optical components → 

some course QE info 

• After MAPMT253 tests, goal is to characterise 1x HRPPD, 
however the plan is tentative/under discussion

Readout back plane for MAPMT253 
designed by A. Kiselev and in-hand at UoG

MCP PMT Activities Planned in UoG

52mm

52mm
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• Photonis Planacon MCP PMT on loan in UoG from hpDIRC colleagues in GSI 
(MCP tested for PANDA Barrel DIRC) 

• 8 x 8 pixels 

• Currently setting up in UoG test stand 

• Plan to cross-check with results published by A. Lehman et al. 

• Use this to establish protocols for upcoming MAPMT253 tests 

• Still in set up stage

Current MCP PMT Activities in UoG

Results below from A. Lehman et al., published in arXiv:2403.13938v1 [physics.ins-det] 20 Mar 2024 
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Current MCP PMT Activities in UoG

Custom HV divider made Backplane 
adapter board 

(using GSI PCB 
design from A. 
Lehman et al.)

V1742 32 channel 5GS/s 
digitiser from University of 
South Carolina set up and 

new PC purchased for PCIe 
communication


(Thanks to K. Livingston for 
the help on this)

Cables

(With thanks to A. 

Clarkson and K. Kelly)

Image and scheme from arXiv:2403.13938v1 
[physics.ins-det] 20 Mar 2024
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Current MCP PMT Activities in UoG

Plots and analysis from Andrew Cheyne 
(PhD student UoG)

• Photonis Planacon MCP PMT initial plots 
• Still need to fully understand data and the set up 

• Eg check light level, want to improve HV divider circuit, fix cables 
• Once those debugs are performed, we will move on to characterisation tests
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Summary

• Set up underway to test MCP-PMTs for hpDIRC in UoG 

• Activities performed and made possible via eRD110 scheme 
• (thank you to eRD110 colleagues, as well as DOE and JLab) 

• We have started with a Photonis Planacon MCP PMT 

• Next we will test Photek MAPMT253 

• If things work out - it would be nice to test an HRPPD in UoG

Image from Photek
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Thank you


