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EIC, ePIC & HRPPDs



Electron-Ion Collider at Brookhaven  
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• Electron & proton beams with >70% polarization
• Ion beams, up to U
• Center-of-mass energy range √s ~ 20 – 140 GeV
• Luminosity 100 … 1000 times compared to HERA
• up to 100 fb-1 / year

• Re-use one of the RHIC hadron rings
• Build a new general purpose detector in IP6

Start of construction in ~2 years



ElC science case  
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ePIC: EIC general purpose detector @ IP6  
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• A compact central detector with several subsystems
• <9 m along the beam line
• (Almost) hermetic coverage in tracking, calorimetry & PID  -3.5 < h < +3.5



Possible LAPPD applications for the EIC 
• Backward RICH: low dark noise, ToF capability (vs SiPMs)
• LAPPD is a baseline photosensor as of November 2022

• DIRC: expected to be more cost-efficient (vs other MCP-PMTs)
• dRICH: problematic, because of the magnetic field orientation

Backward RICH either DC-coupled or Gen II, 10cm formfactor 

DIRC DC-coupled, 10cm

DIRC: 12*3*2 = 72 HRPPDs totalpfRICH sensor plane: 68 HRPPDs total

pfRICH   DIRC     dRICH 

~9.0m along the beam line 

DIRC frame
Vessel boundary
Outer conical mirror

Inner conical mirror
Beam pipe flange
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e-endcap RICH for ePIC detector 
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ØAerogel
Ø Three radial bands
Ø Opaque dividers
Ø 2.5 cm thick, 42 tiles total

ØVessel
Ø Honeycomb carbon fiber sandwich
Ø Filled with nitrogen

ØHRPPD photosensors
Ø 120 mm size
Ø Tiled with a 1.5 mm gap
Ø 68 sensors total



e-endcap RICH for ePIC detector 
• A classical proximity focusing RICH
• Pseudorapidity coverage:  -3.5 < h < -1.5
• Uniform performance in the whole {h,f} range
• p/K separation above 3s up to ~ 9.0 GeV/c and ~10-20ps t0

reference with a ~100% geometric efficiency in one detector

• Will hopefully become a baseline detector for ePIC soon
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p & K: 7.25 GeV/c 7 GeV/c p and K @ h = -1.9: <5% misidentification rate 
(plot accumulated over 1000 two-track events) 8



Open LAPPD R&D questions before CD-3 
• We need to come up with a detailed assessment of the current state of the art 

and projected LAPPD photosensor performance, evaluate their potential use in 
various EIC PID detector subsystems, and assist Incom in modifying their existing 
product line to meet EIC requirements 
• Spatial resolution for Cherenkov imaging applications in a variety of fine pixellation schemes
• Timing resolution in a single photon mode, for a selected subset of pixellation scenarios
• Timing resolution for Time-of-Flight purposes
• Performance in a strong (inhomogeneous) magnetic field

• QE spectrum tuning and evaluation for ePIC detectors
• Overall PDE and gain uniformity tuning and measurement 
• Geometric formfactor optimization

• Prospects of integration in particular ePIC detector subsystems (together with the respective 
groups and / or consortia), as well as the on-board electronics integration

slide from the EIC Detector Advisory
Committee review in October 2022
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EIC leadership meeting with Incom Inc.    
• Site visit on January 12, 2023

• Facility tour
• Half a day of discussions

• A “staged” EIC / Incom contract for the next ~12 months is in preparation:
• Phase I: finalize remaining R&D to the extent needed (by September 2023)
• Will be critical for the rest of the contract [some details given in Alexey’s talk]
• Will to a large extent depend on the success of the “configurable LTCC pixellation” exercise

• Phase II: procure 5 HRPPDs (September - February 2023)

• “Phase III”: perform bench tests and beam test evaluation well ahead of the EIC CD-2 review
• Winter 2023/2024: an optional “sensor-only” test at Fermilab
• Late spring 2024: a pfRICH prototype test at Fermilab
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ASIC choice and
HRPPD / FEE integration model



Integration attempt #1: pogo pins
Signal pogo pins: Mill Max 0908 series

• Should suffice for a basic performance evaluation

3D printed enclosure   

Readout board   

Pogo pins in a flat container   
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Integration attempt #1: pogo pins  

M
CX interface

HV leads

Clam
p

readout PCB

Pogo pin spacer
Flock paper

Grounding tape
HRPPD

Clam
p

Spacer

• Was implemented (and used in Argonne B-field tests)
• See presentation by Mark

• Looks suitable for the TOF PET prototype
• Drawings and spare PCBs can be shared with other groups 13



ASIC considerations
• A standard requirement list

• Provide timing resolution <20ps and amplitude measurement
• Work with collected charge from few dozens to few hundred fC
• Work with a relatively high detector capacitance up to 10 pF
• Have high channel density (64 channels per ASIC and more) and few mW/ch power dissipation 
• Streaming mode (either this or that way)

Ø Pros
Ø Expect higher timing resolution overall

Ø Performance less affected by signal shape

Ø Cons
Ø Higher expected power dissipation

Ø None is readily available with a high channel density 
Ø Therefore, realistically, one should consider more space

Ø Pros
Ø Supported by the EIC project
Ø HGCROC3 is available as a starting point
Ø Expected power dissipation ~1-3mW/ch
Ø Should work with HRPPDs at a lower gain

Ø Cons
Ø Assumes signals have a “regular” shape

Waveform digitizer (e.g. by Nalu Scientific) TOA/ADC (EICROC by OMEGA group)
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ASIC considerations
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ASIC considerations
• Together with eRD109 consortium we set up a meeting with MCP-PMT experts, m(pf)RICH 

and DIRC representatives and EICROC ASIC designers: https://indico.bnl.gov/event/18539/
• Conclusions:
• EICROC meets the overall requirements

• Will be available in 256+ channel configuration

• Will be developed for ePIC AC-LGADs anyway
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HRPPD / FEE integration model change      

Ø Capacitively coupled HRPPDs
Ø 24x24 pad pixellation
Ø Waveform digitizer ASIC
Ø Vertical integration + a backplane

Ø DC-coupled HRPPDs
Ø 32x32 pad pixellation
Ø TOA / TOT(ADC) ASIC
Ø Flat integration

as shown at ePIC Collaboration meeting in January 2023
as presented in ePIC Backward RICH  review in March 2023 
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Integration attempt #2: compression interposers
• Custom anode base plates are seemingly possible

• Samtec compression interposers seem to be a reasonable option
• Fallback option: conductive epoxy screen printing

ASIC PCB 

Anode base plate 

Interposer 

HRPPD face down

HRPPD anode plate side

ASIC PCB side
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Small size multi-layer ceramic prototypes
• First two 3” LTCC anode plates by Techtra (Poland) were examined at Incom
• Flatness is tolerable on a 3.0mm thick plate, less so on a 2.5mm thick one
• Vacuum tightness of the 3.0 mm plate confirmed
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Small size multi-layer ceramic prototypes
• First two 3” LTCC anode plates by Techtra (Poland) were examined at Incom
• No measurable cross-talk introduced in the ceramic stack
• 50 Ohm impedance matched isolated coplanar waveguide trace configuration

• Small trace capacitance (few pF) confirmed

• Certain signal degradation observed on the long (5 cm) traces

2.5ns/div
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Full size HRPPD anode base plate: wish list    
• Reproduce the updated HRPPD design
• Outer dimensions: 120 mm
• Independent HV connections for two MCPs
• Pitch: 3.24 mm
• ~75% OAR

• Route to 16 Z-Ray interposers (800 µm pitch)

• Be compatible with both 64-channel 
HGCROC (spring 2024 configuration) and 
256-channel EICROC  ASICs
• No mechanical holes at ASIC locations

• Have first five tiles compatible with the final 
EIC order
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Full size anode base plate and a matching PCB    

Inner side of a 32x32 pad ceramic base plate Outer side overlaid with a 16x HGCROC PCB template

HGCROC ASIC

Samtec interposer

• This 120mm x 120mm LTCC base plate is now being built by Techtra
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