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Upfront - Plans for Lehigh Meeting
• PID DSCs prefer parallel type of meeting 
• Focus on Cherenkov based detectors since ToF has separate all day meeting 
• Details will vary according to DSCs  
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PID Working Group at Lehigh Collaboration Meeting (Breaks to be added)

R&D Personnel Title Duration (incl. 
discussion)

Time Start Time End

Welcome 5m 9:00 9:05

pfRICH TBD Mechanics, frame, mirrors, aerogel 25m 9:05 9:30

pfRICH TBD HRPPD, Electronics 25m 9:30 9:55

pfRICH TBD Software, Sims, TRD Status 25m 9:55 10:20

dRICH TBD Mechanics, frame, mirrors, aerogel, gas 25m 10:20 10:45

dRICH TBD SiPM, Electronics 25m 10:45 11:10

dRICH TBD Software, Sims, TRD Status 25m 11:10 11:35

hpDIRC TBD Mechanics, frame, bars, exp vol 25m 11:35 12:00

hpDIRC TBD MCP-PMTs (HRPPD), Electronics 25m 12:00 12:25

hpDIRC TBD Software, Sims, TRD Status 25m 12:25 12:50

ToF TBD Update 25m 12:50 13:15

Common Software Umberto Belle-II and other modes + Discussion 30m 13:15 13:45

Adjourn 0m 13:45 13:45

Breaks to be added

Possibly move to
common reco mtg.
or hybrid solution
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pfRICH



TDR Preparation
• The material from the existing pfRICH CDR has been mapped 

into the agreed-upon Pre-TDR structure 
• Resulting document resides on a private overleaf (pro account) 

that the pfRICH team will be able to edit freely
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Existing pfRICH CDR:

Pre-TDR Structure:



Next Steps
1. Identify editor(s) responsible for each section (this will partially map 

from the CDR, but need to confirm and find people for new sections) 
2. Identify Pre-TDR sections that do not have CDR antecedents and 

develop necessary material. Also identify sections with existing 
material which may need substantial new simulation or beam/bench 
tests 

3. Edit/update existing material  
4. Evaluate the need for appendices and iterate
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Critical Figures
• pfRICH has a pretty good idea of needed plots/figures from the CDR but may 

need to modify somewhat based on space and/or new insights 
‣ Some Examples: 
‣ Detector Diagram 
‣ Aerogel Properties and HRPPD QE Curve used in simu 
‣ Ring reconstruction and track level Cherenkov angle res 
‣ N-sigma separation vs momentum 
‣ Electron-pion and pion-kaon physics performance
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Vessel
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Mandrel & foam blocks (Stony Brook)

End ring construction (Purdue)

• Good progress on all fronts 
• Vessel should be ready in 

August



Mirrors
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Evaporator (Stony Brook) Mirror test stand (BNL)

Mirror sample

Reflectivity measurements

• Stony Brook evaporator refurbishment is in progress 
• Ten coating exercises so far; getting close to required reflectivity 
• Mirror reflectivity measurement tests stand at BNL 

commissioned 
• Lexan co-bonding trials at Purdue are ongoing 
• Conical mirror design is pretty much finished



Aerogel
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Transmittance measurement comparison (Temple / Brookhaven)

Refractive index measurement comparison (Temple)

• Consistency 
within ~1% 
between Aerogel 
Factory, Temple 
& Brookhaven



Fused silica window

MCPs, spacers, etc

Side wall
Anode plate (Y03h), 
a pre-routing ceramic circuit board 

Interface PCB (Y05f)

HRPPD photosensor assembly     

Compression interposers
(not shown)

Charge path: inner side anode pads -> anode plane stackup -> outer pads -> compression interposers ->
 interface PCB -> MMCX adapter PCB ->  pigtail RG-316 (?) cables -> 6” RG-174 cables -> V1742 digitizer 

4x4 spots, each with 8x8 square pads; 3.25mm pitch

HRPPDs
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Charge path:  

inner side anode pads 
➟ anode plane stackup  
➟ outer pads  
➟ compression interposers  
➟ interface PCB  
➟ MMCX adapter PCB  
➟ pigtail RG-316 (?) cables  
➟ 6” RG-174 cables  
➟ V1742 digitizer 

Passive interface PCB:HRPPD passive interface PCB (Y05f)    

Bottom side (matches 
HRPPD rear side)

Top side (32x Samtec 
ERF8 connectors)

ØA simple 119mm x 119mm two-layer board with Samtec ERF8 connectors

Picture gallery    

Anode plate vacuum side Anode plate air side With Y05f board mounted

With MMCX interface Fused silica window MMCX -> MCX pigtail cables

Gallery:

Remaining 2 EIC specific
HRPPDs send to JLab

First HRPPDs now at BNL
being tested

Started regular meetings
with eRD110 & INCOM 
(Wed 10am)

Assembly:



Crosstalk
• Observe crosstalk in HRPPDs 
• Most likely not related to HRPPD itself but to current backplane 
• Good enough for single photon but not for high occupancies studies
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Waveforms (single event): bottom half of one 8x8 pixel field

Laser spot here “Normal” charge sharing

These four pads are neighbors 
on a Samtec ERF8  connector
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dRICH



TDR Effort (2024)

13

TDR Effort in 2024
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April:               Preliminary specs & text layout
              Project plan / in-kind preview

July:                1st draft

October:        2nd draft

December:    Pre-TDR 

Assumptions:   Pre-TDR (CD2) required at the end of the year
       Scheme driven by manpower/lead time: remains the same for a TDR (CD3)
                            Extra-time needed fo real-scale mechanics & RDO demonstrators

ePIC PID WG Meeting -  31st May 2024

April: Preliminary specs & text layout Project plan / in-kind preview

July: 1st draft

October: 2nd draft

December: Pre-TDR

Assumptions:  Pre-TDR (CD2) required at the end of the year 
                Scheme driven by manpower/lead time: remains the same for a TDR (CD3)                       
                Extra-time needed for real-scale mechanics & RDO demonstrators



Si-PM Technical Specs
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SiPM LLP Review  September 2023 

3Meeting with INFN referees -  31st August 2023 3M. Contalbrigo

Preliminary specs: SiPM

ePIC PID WG Meeting -  31st May 2024

Baseline sensor
64 (8x8) channel SiPM array
3x3mm2/channel

SiPM LLP Review Sep 2023



Preliminary Specs: ALCOR FEB & RDO & Mirror
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Preliminary specs: RDO

5ePIC PID WG Meeting -  31st May 2024

Preliminary specs: Mirror

6ePIC PID WG Meeting -  31st May 2024

Preliminary specs: Mirror

6ePIC PID WG Meeting -  31st May 2024

ALCOR FEB:

RDO:

Mirror:



Preliminary Specs: Aerogel
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Optimization ongoing in the refractive index 
rage 1.02-1.03  
New samples received from Aerogel Factory

Preliminary specs: Aerogel

7ePIC PID WG Meeting -  31st May 2024

Optimization ongoing in the refractive index rage 1.02-1.03
New samples received from Aerogel Factory

Preliminary specs: Aerogel

7ePIC PID WG Meeting -  31st May 2024

Optimization ongoing in the refractive index rage 1.02-1.03
New samples received from Aerogel Factory

Rayleigh 
scattering 
lives here
→ bckgrnd



Prototype Test Beam at CERN
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Aerogel Imaging: Temperature:
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hpDIRC



hpDIRC Annual Workshop in Jefferson Lab
• May 16th – 22nd ( https://indico.bnl.gov/event/23332/ ) 
• 11 participants in person, 7 participants online (some only for specific sessions) 
• All sessions had focus on TDR readiness and overall hpDIRC/ePIC schedule 
• Designated TDR sessions used to identify remaining studies, required figures, and 

write detailed plan 
• Several days before and after the meeting were used to work on hpDIRC project 

planning, schedule, and updating P6 plan
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TDR Section Outline Prepared
• Relevant needed figures identified 

• Some needed figures will be referenced 
(B field, radiation map, etc.), might 
include them in paper with ZOOM to 
hpDIRC region 

• Detailed breakdown of needed content 
– ready to write! 

• Remaining questions/studies identified 
and assigned 

• Performance plots will be updated for 
final geometry and are easy to adjust to 
uniformly agreed representation and 
style with other systems
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Performance Studies
• Updates to hpDIRC reconstruction previously 

done have no impact on performance, small 
impact on acceptance 

• Studies of hpDIRC performance were done 
with test beam validated simulation 
‣ Realistic ePIC magnetic field map was 

used 
‣ Studies with Pythia physics events were 

done 
‣ Multiple tracks per event in single bar 

showed very small impact on performance 
‣ Most studies assumed 0.5 mrad angular 

tracking resolution but software ready to 
import and include detailed parametrization 
of tracking
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4Greg Kalicy •   hpDIRC preparations towards TDR readiness •   May 31st  2024

hpDIRC TDR Preparations

Ø Updates to hpDIRC previously done performance studies 

have no impact on performance,  small impact on 

acceptance

Ø Studies of hpDIRC performance were done with test 

beam validated simulation

Ø Realistic ePIC magnetic field map was used

Ø Studies with Pythia physics events were done

Ø Multiple tracks per event in single bar showed very 

small impact on performance

Ø Most studies assumed 0.5 mrad angular tracking 

resolution but software ready to import and 

include detailed parametrization of tracking time imaging reconstruction
0.5 mrad tracking, 100 ps photon timing

π/K separation power at 6 GeV/c
Geant4

Photon yield per particle

Geant4



TDR Preparations: Remaining Questions/Studies
• Possibility of reusing BaBar DIRC bars  
‣ late fall (currently still in boxes) 

• Decision on plate vs narrow bars for lightguide 
section  
‣ late summer/early fall 

• Optimal bar width in case new are needed  
‣ late summer/early fall 

• ”Split-Prism” expansion volume option as part of 
cost/risk mitigation 
‣ late summer/early fall 

• Potential software-based multiple scattering 
mitigation 
‣ late summer/early fall
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Geant4 visualization of the two 
light-guide options

Hybrid of bars 
and plate in each 
sector

Narrow bars in each 
sector(baseline)
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ToF



ToF - Key Elements for TDR
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Detector
Detector configurations and Key requirements Position and timing resolutions 

Position and timing resolutions from R&D



ToF - Key Plots on ToF Performance
• Barrel Region 
‣  up to 0.5 GeV/c 

‣  up to 1.9 GeV/c 

‣  up to 3.1 GeV/c

e/π
π/K
K/p
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• Endcap Region 
‣  up to 0.8 GeV/c 

‣  up to 2.7 GeV/c 

‣  up to 4.6 GeV/c

e/π
π/K
K/p



ToF - PYTHIA DIS Simulations

• PYTHIA DIS event without 
beam background
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• PYTHIA DIS event with 
beam background and 
full reconstruction 

• to be done

PYTHIA DIS full simulation
PYTHIA DIS event without beam 
background

PYTHIA DIS event with beam 
background and full reconstruction

• To be done



New Since Last Report
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Updates with detector geometry 
material

Simulation progress: toward more 
realistic background simulation

Some confusion about available space
settled
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At the End …



Comments and Observations
• All LUT for PID in EICRecon 
• Reasonable progress in implementing things in EICrecon 
• Need for improved information exchange between engineering and DSCs 
‣ Request/Question on shortening hpDIRC bars by 8 cm on dRICH side ?! 
‣ Irrelevant for performance but lose vital overlap with dRICH 
‣ Requires sims for evaluation of impact 
‣ Unclear if just an option or necessity - need o clarify 

• PID groups will have to have a close look at current acceptance (gaps, overlap, etc) 
• PID groups are all progressing towards TDR 
‣ Manpower still on the short side 
‣ Last round of R&D (proposals due July 1) 

๏ dRICH - eRD102 
๏ hpDIRC - eRD103 
๏ pfRICH/photosensors - eRD110 
๏ ToF/AC-LGAD - eRD112 
๏ ASICs/FEE - eRD109
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