
Communications
• Next TIC Meeting 10/30:

• Focus on risk mitigation tracking solutions
• Preceded by Tracking WG discussion on 10/26

• Collected outstanding DSC requests:
• https://wiki.bnl.gov/EPIC/index.php?title=DSC_Requests

• Please try to respond as quickly as possible

• Closed Session – TIC/PTR/CC WG Conveners
• Immediately following today’s open TIC session
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dRICH 2024 Test-beam plans

Two test beam planned at CERN:

     May-June (1 week): optical performance with EIC-driven detector

     September-October (2 weeks): real-scale prototype & RDO board + contingency   



dRICH Threshold Settings
dRICH should work at Single Photon Level 
Readout is sensitive to the dark coun rate increasing with radiation damage
Data rate is limited at DAM level by minimum-bias tagger and high-level data filter
The maximum rate per channel is driven by the maximum acceptable dark count rate and is set to 300 kHz,
corresponding to 10 background hits per sector per event in a ~ 1 ns time window
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ePIC hpDIRC

Greg Kalicy
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HPDIRC PROTOTYPE PLANS

 Current status of readout development and availability of small 

pixel sensors does not allow for meaningful test beam dedicated to 

hpDIRC in near future.

 Panning to take part in pfRICH tests to gain experience with 

EICROC + HRPPDs combination

 Initial prototype at SBU CRT with bar from PANDA Barrel DIRC

 Disassembled BaBar DIRC bars will be tested in the prototype

 Prototype with two bars simultaneously will allow to study 

additional aspects of performance, increase statistics

 Two radiation-hard 3-layer lenses are in hand and will be tested for 

the first time in prototype

 Ultimate CRT goal: test of fully assembled ePIC hpDIRC modules

(gluing of bars and assembly of hpDIRC barboxes planned at SBU)

DIRC lab/CRT space at SBU

CRT setup schematic
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HPDIRC PROTOTYPE PLANS

 Current status of readout development and availability of small 

pixel sensors does not allow for meaningful test beam dedicated to 

hpDIRC in near future.

 Panning to take part in pfRICH tests to gain experience with 

EICROC + HRPPDs combination

 Initial prototype at SBU CRT with bar from PANDA Barrel DIRC

 Disassembled BaBar DIRC bars will be tested in the prototype

 Prototype with two bars simultaneously will allow to study 

additional aspects of performance, increase statistics

 Two radiation-hard 3-layer lenses are in hand and will be tested for 

the first time in prototype

 Ultimate CRT goal: test of fully assembled ePIC hpDIRC modules

(gluing of bars and assembly of hpDIRC barboxes planned at SBU)

Simulation of hpDIRC Prototype with 2 bars in CRT 
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Beam test at Fermilab in May 2024: week #1  

 Use well-established technique and equipment, in a bare minimum setup with a single HRPPD
 GEM tracker (G1 .. G4), scintillators (S1, S2) & reference MCP PMTs
 High performance scope & 512 channels of V1742 DRS4 electronics
 [Passive HRPPD interface board with MCX connectivity] 

 Main objectives: 
 First beam test experience with the new EIC HRPPDs:
 Excitation of a single sensor by multiple coherent single photons, evaluation of timing distribution tails (hpDIRC)

 Performance in a mixed single- and multi-photon environment (pfRICH)

 A direct assessment of HRPPD timing performance

eRD110



 Recycle an already debugged “week #1” tracker & reference MCP-PMT setup, except for
 Make use of a low momentum MT6 hadron beam (and a beam line Cherenkov counter)
 Install a fully fledged pfRICH prototype (aerogel, mirrors, five HRPPDs as a “sensor plane”)
 Make use of ~5k channels of newly built HGCROC3 ASIC electronics

 Main deliverable is a direct simultaneous demonstration of 
 >3σ π/K separation reach up to ~ 7 GeV/c via aerogel Cherenkov photon imaging
 HRPPD performance as a t0 reference sensor for ePIC ToF subsystems
 <50 ps timing resolution using aerogel Cherenkov photons

 O(10ps) timing resolution using a sapphire window Cherenkov photon flashes

pfRICH prototype

FTBF beam

Beam test at Fermilab in May 2024: weeks #2-3  
pfRICH
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Roman pots, B0, & Off-Momentum Detector 
Test Beam Needs (all AC-LGADs)

• Test beams at Fermilab hoped-for in Spring 2024.
• Plan to test AC-LGAD + EICROC0 ASIC to extract performance for both timing and spatial 

resolution (with charge sharing) using MIP beams.

• Need space to install ~VME-sized board into telescope containing control board 
with AC-LGAD + ASIC bonded.
• Very important to assess performance of sensor with different geometry (e.g. 

pitch) and to test response of 4x4 channel EICROC0 to collect information for next 
iteration of the ASIC.

ØRHIC (STAR) could be a suitable alternative with MIP pions à need to verify what 
can be provided in that scenario by STAR.



Roman Pots, Off-Momentum Detectors, B0 
thresholds
• Originally set at 1 keV for all three systems – this is likely aggressively low. 
• Average particle momentum in RP/OMD is > 100 GeV (> 200 GeV for top beam energy), and 

> 41 GeV in the B0.
• Energy deposits average > 20 keV/hit from simulations à 10 keV likely a good starting point 

to remove obvious background hits.
• Checked in raw DD4HEP output and in standalone simulations.

• Thresholds especially important for the B0 where backgrounds will be substantial.
• No feel for the level of common noise from electronics right now à something to evaluate 

in test beam with AC-LGAD + EICROC0.



Luminosity DSC



Far Backward High Rate Tracker 
DSC



SVT DSC



SVT-DSC – Test beams

• 2024: no EIC-LAS; ITS3 wafer scale sensor TB organized 
by ITS3

• 2025: 1 to 2 weeks, EIC-LAS v1
• 2026: 3 to 4 weeks, EIC-LAS v1 and v2
• 2027: 2 weeks, EIC-LAS v2
• 2028: possibly 2 weeks, EIC-LAS production
• Updated in test beam spreasheet 

• Irradiation, latch-up tests, etc. at local facilities (i.e., 
available within SVT-DCS) are not explicitly considered 
here.

https://brookhavenlab.sharepoint.com/:x:/s/EICPublicSharingDocs/EYRoY3efWvBNhPJRevfekrIBmos8-BG7lEXMqy6qiBKPlQ?e=Pw3TfP


SVT-DSC – Simulations, software

• Channel count updated
• Threshold on individual hit level: to be reduced from 0.65 

keV to 0.54 keV, being confirmed with designers
• Threshold on summed energy: not applicable

• Sensor provides only binary, i.e. hit/no hit information
• Pedestal position/cut on sigma of pedestal: not applicable

• Sensor provides only binary, i.e. hit/no hit information
• Intrinsic/dark noise rate at this threshold: < 10-3 per pixel 

per second (conservative upper limit) – no update



SVT-DSC – Simulations, software

• Charge sharing: 1.2 at 90 degrees – no update
• Gate-on time (integration time): 2 µs target – no update
• Gate-off time (deadtime): no estimate at this time

• Updating in the EPIC Detector Digitization Model.10.2023
• Note that we updated the information also in OLD.EPIC 

Detector Digitization Model.09.2023 by mistake

• Shujie Li remains the main contact

https://brookhavenlab.sharepoint.com/:x:/s/EICPublicSharingDocs/EeICxMJ9vGtPtyq5g4qzcSwBKCqkHDj06KDdSvYQ7pxqrQ?e=38z3eb&wdLOR=cB0D69EBF-6C84-C645-BCB6-CB1C64CC4045
https://brookhavenlab.sharepoint.com/:x:/s/EICPublicSharingDocs/EaKgRMnPD4BFoKK-x05lUrQB4PiJyr8tVjc7LitCkW9khA?e=Wm3PIe&CID=3ad6aee1-18ec-20f1-6d12-205138eb4721
https://brookhavenlab.sharepoint.com/:x:/s/EICPublicSharingDocs/EaKgRMnPD4BFoKK-x05lUrQB4PiJyr8tVjc7LitCkW9khA?e=Wm3PIe&CID=3ad6aee1-18ec-20f1-6d12-205138eb4721
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Backward ECAL : plans for beam tests

➢ Timeframe: summer/fall 2024

➢ Goal: test read-out electronics (both discreet and ASIC), linearity,  energy resolution

➢ Anticipated system: 5x5 prototype equipped with 4 SiPM per crystal (10um pitch)

➢ Possible facilities: JLab Hall D, DESY (GeV-scale electron facilities)



Backward ECAL: Pedestal Position & Cut on s of Pedestal - Width

➢ Assumed 14-bit ADC and 5 MeV - 18 GeV dynamic range
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Barrel Electromagnetic Calorimeter

TIC Meeting, 10.23.23 



Barrel ECal - FTBF Original Plans FY24
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B
C
al

120 GeV protons
10 GeV e/π

SciFi
Baby
BCal

AstroPix v3 Quad
4x4 cm

GlueX Prototype
AstroPix v3 Quad

SciFi Imaging Layer

120 GeV protons
10 GeV e/π

SciFi
Baby
BCal

AstroPix v3 Quad
SciFi Imaging Layers

120 GeV protons
10 GeV e/π

SciFi
Baby
BCal

Stage I Stage II Stage III

● Prior to installation at FTBF: characterize used AstroPix v3 Quad sensor on the bench; take cosmics with Baby 
BCal, develop and test integrated readout system

● At the FTBF with proton and e/π beam:
○ Every stage requires commissioning of the whole system in the beam: MIPs - 120 GeV protons
○ 2 important benchmarks with Baby BCal and integrated system: benchmark response to pions in 

simulations, evaluate e/π separation (with Cherenkov FTBF detector) - 10-5 GeV e/π beam 
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Barrel ECal - FTBF Original Plans FY24
FTBF Beam original estimated schedule (1 full week each, i.e. 2 weeks of half-day shifts), together with 
ATLAS Telescope program (Experiment T1224 in MTest 6.2 Enclosure):

● Stage 1: Estimated Winter ‘23 , Stage 2: Estimated Spring ‘24, Stage 3: Estimated Summer ’24
If only Spring ‘24 is available → proton (MIPs commissioning) and e/π beam (5-10 GeV) needed

● Try to use cosmics, as much as possible, to integrate AstroPix & Baby BCAL. However, we need to 
also commision the readout system in high-occupancy environment of the beam (MIPs).

● Realistically we will be probably able to run in stage I and maybe II. 

● First physics benchmark will be to test the response to pions (we can fold it in the simulation and 
benchmark e/π response). The e/π benchmark with Cherenkov will depend on how much time we 
can potentially get with e/π beam.

We try to consider alternatives - we need beam test + Cherenkov/PID detector (need to know 
momentum of the beam, and identify pions)

● CERN(?) - Do not have any experience in beamtest there + significant logistical endeavour with 
transporting the whole setup. Any advice?

● JLab(?) - Maybe Hall C/A? Started exploring with the hall leaders, but doesn’t look very promising as 
of now.
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Thresholds for Barrel ECal
Subsystem Region Channel Count Threshold on summed Energy

[keV, MeV]

AstroPix Barrel ~360M pixels 15 keV

ScifiPb Barrel 5760 5 MeV

https://github.com/eic/EICrecon/blob/main/src/detectors/BEMC/BEMC.cc

Thresholds for AstroPix: 
3 MeV / 8192 ADC channels * 41(channels) = ~15 keV ✅
Threshold for SciFi: 
1500 MeV / 16384 ADC channels * 5(channels) = ~0.5 MeV; 0.5 MeV/10% (fsam) = 5 MeV ✅

EcalBarrelScFiRecHits and EcalBarrelImagingRecHits can be taken as the estimate for the rates.

The SciFi response currently implemented as true dE (not 2-side attenuated). The calculated rates using 
EcalBarrelScFiRecHits will be per-side of the SciFi/Pb calo. The total rate from the system should be taken as 2 x the 
estimated rate. 

Thresholds (RecoHit), pedestal mean and sigma (Digi) has been revisited (and out into the spreadsheet) 
https://github.com/eic/EICrecon/pull/1078

https://github.com/eic/EICrecon/blob/main/src/detectors/BEMC/BEMC.cc
https://github.com/eic/EICrecon/pull/1078
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Barrel HCAL Test Beam Needs
• The barrel HCAL is an existing detector, performance already 

measured a test beam and we will have sPHENIX experience to inform 
us as well. 

• The test beam needs for the barrel HCAL center on the new H2GCROC 
based electronics chain (reading single tiles). 

• Equip sPHENIX test beam detector with new electronics
• Ideally measure performance for pions 2-40 GeV to match prior test beam 

results.  
• FTBF is probably ideal for this. 
• Muon studies can probably be done with cosmics

• Timing for this depends on electronics readiness (maybe 2024, certainly 2025)

10/22/2023 ePIC TIC Meeting 1



Readout Chain

10/22/2023 2

H2GCROC3 
(54 per half-barrel
+ LED driver boards

Cable SiPM’s out to end of barrel 
HCAL to keep accessible for 
maintenance. 

One half-sector -> 54 H2GCROC3 
boards (72 channels each), 
collected into three RDO’s (up to 
24 ASICS ea.)  

RDO’s
(3) Fiber(s) to DAM

(LVDS Cu)

~3m (µcoax)
120 cables/half-sector

Combined with the dynamic range of fired pixels the collected charge range we will see is 1.0 – 213 pC. 
The H2GCROC3 expected range is 1-16pC (ADC), 16-320pC (TOT) 

ePIC TIC Meeting
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Detailed studies of performance and comparison with simulations done in test beam (T-1044). 

Performance of full device will be measured in sPHENIX.  We should achieve a reduced constant 
term due to tighter control on the scintillator variation in a tower for production sectors. 

Prior Test Beam Results

Data vs. Monte-Carlo comparison



BHCal Thresholds in EICrecon (ca. 10.23.2023)
o Threshold on Summed Energy:

‒ 5 MeV
‒ This is half-MIP, or about 20 SiPM pixels

o Pedestal Mean/Position:
‒ Set to 10 ADC counts in EICrecon

› About 0.150 MeV (for 15 keV/count)
‒ Expect MIP peak at ~10 MeV

› About 40 SiPM pixels…

o Pedestal Sigma:
‒ Set to 2 ADC counts

o Cut on Pedestal Sigma:
‒ Set to 5
‒ thresholdADC = (thresholdFactor x 

pedSigmaADC) + minADC
› thresholdFactor = 5
› pedSigmaADC = 2
› minADC = 1 1

o Clustering: threshold on minimum energy of 
tile to be added to cluster
‒ 5 MeV (or 30 MeV for central tile)

o Note: ADC threshold given by: 
‒ threshold = (cutOnSigma x pedSigmaADC) 

+ minADC
› cutOnSigma = 5
› pedSigmaADC = 2
› minADC = 1

› Note: keV/ADC count calculated via
‒ perCount = dynamicRange / capADC

› Dynamic range = 1 GeV
› capADC = 65536



Backup | BHCal Reconstruction in EICrecon1.6.2

2

BHCal HitDigi Configuration BHCal HitReco Configuration



Backup | BHCal Reconstruction in EICrecon1.6.2

3BHCal Clustering Configuration



Forward ECAL DSC



Forward HCAL DSC



LFHCal & insert: Test Beam Plans 2023 - 1)

   
 

 
 

   
   
 

9.8 cm

19.6 cm

0.40 cm

top view 8M module 

8M �le assembly 

absorber

scin�llator

SiPM

kapton tape

reflec�ve foil

flex PCB

~5 cm

~5 cm

detailed 8M �le assembly

Requested time: 1-2 weeks May
Main purpose: First full module test & H2GCROC tests
Location: Fermilab or together with FoCal CERN SPS
Setup:

Full 8M module testing 65 layers of absorber & scintillator per
layer 8 channels (swapping scintillator geometry either 8M
module or insert )
Readout with multiple CAEN DT5202 64ch CITIROC SiPM
readout units or H2GCROCs

Main expected measurements:

Energy resolution estimates for hadrons and electrons for
full length module
Assessment of longitudinal leakage
Longitudinal shower development
Read-out validation
Ideally part of the campaign with the addition of the
ECal in front

F. Bock (ORNL) LFHCal October 23, 2023 1 / 4



LFHCal: Test Beam Plans 2023 - 2)
Requested time: 1-2 weeks September/October
Main purpose: Resultion studies
Location: CERN SPS
Setup:

4-8 full 8M modules (ideally 40x40x140 cm), optionally
with ECal upfront
Readout with H2GCROCs

Main expected measurements:

Energy resolution for hadrons and electrons
Assessment of longitudinal/transversal leakage
Longitudinal shower development
Final-Flexible PCB validation & first long PCB validation
Ideally part of the campaign with the addition of the
ECal in front

F. Bock (ORNL) LFHCal October 23, 2023 2 / 4



Insert: Test Beam Plans 2023 - 2)
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Insert: Test Beam Plans 2023 - 2)
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LFHCal & insert: Readout thresholds
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Rec
8M & 4M modules:
read out in 7 layers longitudinally (5 or 10 SiPMs summed)
desirable min measurable tower energy < 0.5 MIP/segment, max.
≈ 1500 MIP/segment
ideally even just 1 MIP in tile detected
→ 565,760 SiPMs, 60,928 read-out channels
insert modules:
read out every single tile
desirable min measurable energy < 0.5 MIP/tile , max. ≈ 500 MIP/tile
23400 SiPMs/tiles & read out channels
1 MIP = 600-700MeV in LFHCal tile & 500 MeV in insert tile
pedestral for summed layers to be validated (only guess right now)
intrisic noise will dependent on rad. damage

LFHCal insert

thresholds [Esummed ] 0.3-0.35 MeV 0.25 MeV
thresholds [Elayer ] 0.3-0.35 MeV 0.25 MeV

pedestral [ADC] layer: 5-10 ADC ± 2 ADC 10 ADC ± 2 ADC
seg: 50-100 ADC ± 5-10 ADC?

dark noise rate < 50 Hz ?

F. Bock (ORNL) LFHCal October 23, 2023 1 / 1
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MPGD - Beam Test Plans 2024 and beyond

ePIC Planar uRWELL trackers (Thin gap / hybrid) ePIC Cyl. Micormegas (Francesco Bossu / Saclay)

FY24 • Design of full-size barrel outer µRWELL module & end cap disc 
prototypes  No needs or plans for beam test

• Will seek test beam opportunity at in Hall D @JLab (or at CERN) 
for test of existing small thin gap hybrid MPGD & cylindrical 
µRWELL prototypes 

• Likely beam test in Mainz (driven by the R&D 
for the P2 experiment EIC will profit of it

• Ongoing discussion on the need for test in 
proton beams Ressources and manpower
are stretched

FY25 • 2 - 4 weeks at Fermilab FTBF for first characterization of full-size 
ePIC µRWELL prototypes (outer barrel and end cap)

• Will also test small / medium size EIC Generic R&D Thin gap 
Hybrid prototypes.

• Beam: mainly 130 GeV primary protons, as well as lower energy 
secondary hadron beam

• Would welcome opportunity for GeV electron beam @ JLab

2 - 4 weeks at Fermilab / CERN: Tentatively

FY26 • 2 - 4 weeks at Fermilab FTBF for complete characterization of 
full-size ePIC µRWELL prototypes (including readout electronics

• Beam: mainly 130 GeV primary protons, as well as lower energy 
secondary hadron beam

• Would welcome opportunity for GeV electron beam @ JLab

2 - 4 weeks at Fermilab / CERN: Tentatively



Threshold settings for realistic background rate estimation

• Threshold for all ePIC MPGD trackers is estimated at 250 eV. 

• This number is based on a crude estimation of how signal develop in MPGD detectors and our current understanding on the 

parameters for the front-end electronics based on the SALSA chip for the gaseous trackers. 
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