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End Cap Tracker: Large GEM with 2D U-V Strip @ UVa 

What was planned
� Test different sets of zebra strip to select the best option that improve 

the detector signal response 

� Finalize the fix to the collapse of the gas window / drift cathode

� Not much was done because of the COVID-19 situation

Plans for FY21 cycle
� Procure different types of zebra strips to test on the prototype

� Finalize the fix for gas window / drift foils & re-test with x-ray 

� Test the prototype in test beam at FTBF Fermilab this Spring 2021

D Complete the spatial resolution studies

� Plan is to complete the R&D on large GEM by January 2022
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Barrel Fast Tracking Layer: Plans for FY21 Cycle

� Design and assembly of fully functional cylindrical µRWELL detector prototype: 

� Joint R&D effort between Florida Tech. Temple U. & UVa 

� FIT: Design, construct, and test prototype mechanics

� UVa: Design the µRWELL amplification, cathode foil and readout layer 

� Temple U: In charge of the FE readout electronic & DAQ

� Characteristics of the proposed prototype: 

� Dimensions: length = 50 cm, diameter = 20 cm D full cylindrical prototype

� Ionization & drift volume: 1 to 2 cm to allow operation in µTPC mode

� Readout choice: Capacitance-sharing pads, standard U-V strip or combination of both

� FE readout: Explore best available option from APV25, SAMPA, VMM3, DREAM

� Proposed timeline: 

� Fall 2020 - Spring 2021: Design and procurement of the parts

� Spring 2021 - December 2021: Assembly & preliminary characterization of the prototype

� January 2022 – July 2022: Perform full characterization in test beam at Fermilab

� July 2022: Presentation of final test beam results at EIC Detector R&D meeting

� December 2022: Submission of results in peer-reviewed paper

1.3.3 Timing resolution studies in the lab environment

All five research groups mentioned earlier will have a combination of a picosecond laser with a pulse RMS
<20 ps, high analog bandwidth scopes and at least 32 channels of DRS4 electronics. Such a setup is
su�cient to quantify HRPPD single photoelectron timing resolution performance expected to be on the
level of � ⇠ 35-50 ps, as a function of photocathode voltage, gain and other operating parameters.

A compact femtosecond Menlo Systems laser, recently acquired at Brookhaven, will be used to provide
an ultimate timing reference for laboratory measurements where unfolding the laser pulse width will not
be required. We request [$3k] for a laser dark box and various other mechanical and optical components
in order to finalize and test this setup.

1.3.4 Magnetic field tolerance studies

Magnetic field tolerance studies will be independently performed by Argonne (joined by JLab and USC,
adding [$8k] for travel) using g-2 calibration magnet equipment ([$8k] M&S), and by INFN groups using
0.5 T and 1.5 T MRI solenoids in Italy ([$16k] travel money request), see Fig. 2.

Figure 2: Left: HRPPD #6 ready to be installed inside of the Argonne g-2 test
solenoid bore in February 2023. Right: mechanical design of a compact dark box to
study LAPPD #153 performance in an MRI solenoid magnetic field in September 2023.

The main objective of
these studies will be to
confirm the first observa-
tions made in FY23 at Ar-
gonne, using a current de-
sign HRPPD #6 with MCPs
in a ”stacked” configuration
(no gap and no individual
MCP bias voltage), see Sec-
tion A.1. Namely, the facts
that in a strong magnetic
field (i) these sensors exhibit
only a marginal degree of
charge sharing, and (ii) that
their gain can be restored by
just a few hundred volts in-
crease of the MCP bias volt-
age. In addition, a first direct confirmation that such a tuning allows one to also recover a single photon
timing resolution on the level <50 ps will be provided, for the field strength and orientation expected at
the ePIC pfRICH and hpDIRC sensor plane locations with a newly designed MARCO solenoid at a full
2 T central field.

1.3.5 Preliminary ageing studies

Ageing tests in terms of QE degradation and gain reduction versus the integrated extracted charge will
be performed by INFN Trieste [$6k M&S request] using a subset of techniques developed earlier at
INFN Bologna [6] and the University of Texas, Arlington [7]. A spot on one of the five HRPPDs will
be illuminated using a su�ciently powerful light source. Periodically, typically every couple of days, the
intense illumination will be paused, and a single photoelectron illumination mode will be used to measure
both the gain and the detection rate. These periodic measurements, performed after increased integrated
illumination, will allow us to disentangle a possible HRPPD degradation in two essential parameters:
photocathode QE and MCP gain. A required integrated photon flux will be estimated using the ePIC
Monte-Carlo, assuming realistic luminosity, DIS cross section and electron-beam-gas interaction rates,
number of Cherenkov photons from the aerogel radiator and HRPPD window per charged particle track,
as well as an expected conservative HRPPD gain of up to ⇠ 106 to be used in the experiment.
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Project R&D
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Ongoing FY23 Program
• ePIC baseline defined - still open questions on some technologies 
• Still somewhat out-of-sync with FY boundaries but catching up  
• Timeline 2022 

• July: Request to submit proposals and status reports, deadline October 1, 2022 in time for 
DAC meeting 

• DAC Meeting October 19-21, 2022  
• November: Discussion with groups and updates to proposals 
• December 2022: Final decisions and response letters to participating groups 

• Remarks 
• First time funded: eRD106/107 (Fwd Cal), eRD109 (ASICs), eRD113 (MAPS) 
• Si sensors (eRD113) moved from an assumed generic detector R&D to a project R&D and 

took some time to sort out 
• In several proposal substantial mix of PED and R&D that needed to be separated  
• In practice, it still takes several months to get contracts in place
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ID R&D Subject Funding 
(requested)

Funding 
(actual)

eRD101 mRICH $113,500
eRD102 dRICH $190,000
eRD103 hpDIRC $230,000
eRD104 Service reduction (Si) $87,300
eRD105 SciGlass $60,000
eRD106 Forward EMCAL $99,100
eRD107 Forward HCAL $150,500
eRD108 MPGDs $189,785
eRD109 ASICs $569,700
eRD110 Photosensors $314,500

eRD111 Si-Tracker (no sensors) $628,300
eRD112 AC-LGAD (incl. ASIC) $462,000

eRD113 MAPS/ITS3 $1,416,000
$4,510,685 $2,999,805

FY23 Program
• eRD110 more emphasis on 

LAPPD/HRPPD less on 
SiPM 

• Awarded to eRD111 
as PED, and for 
eRD110 awarded separately 
as PED (for the SiPMs 
mechanical design for in 
situ annealing).
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Remarks
• Be aware: Items funded by PED cannot be subject to R&D later 
• NCE - FY22/FY23 

• Put in No-Cost-Extensions to all relevant FY22/FY23 contracts 
• End date 9/30/24 
• Funds will be there until contract funds exhausted or 9/30/2024 is reached 
• Not sure further NCE will be made for FY22/23 - spend the money! 

• Contract office at BNL is increasingly complaining about insufficient documentation 
of invoices cost. Please provide more details of your invoices. 

• Nervousness about audits 
• What is not in the SoW cannot be paid 

• If no travel in approved proposal and SoW, any travel cannot be paid
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ID R&D Subject Funding
eRD101 mRICH not baseline
eRD102 dRICH

eRD103 hpDIRC

eRD104 Service reduction (Si)

eRD105 SciGlass not baseline
eRD106 Forward EMCAL no funds requested
eRD107 Forward HCAL

eRD108 MPGDs

eRD109 ASICs

eRD110 Photosensors

eRD111 Si-Tracker (no sensors)

eRD112 AC-LGAD (incl. ASIC)

eRD113 MAPS/ITS3

eRD114 pfRICH PED only
eRD115 Imaging Cal

FY24 Program
• DAC review August 28 & 31, 

2023 
• Switch two baseline 

technologies  
• mRICH ➟ pfRICH 
• SciGlass EM Cal ➟ Imaging 

Cal 
• We have ~$3M funding 

available for FY24, with the 
original requests surpassing 
this.  

• Some requests again did not 
qualify as project R&D. 

• Decisions sent out Oct 20, 2023
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FY24 Some Details
• eRD102 dRICH  

• Requests from Duke had to be taken out. Simulations == Research cannot be covered by project 
R&D. For the mirror testing protocol join with pfRICH; PED will pay experienced expert to develop this. 

• eRD103 hpDIRC 
• Cosmic Ray Telescope might better go to Jlab to avoid excessive travel of bars. Replace support of 

senior phys & grad student with 50k support for technician/senior PD & travel to finalize CRT and test 
of prototype up to 50k. 

• eRD104 Service Reduction 
• full funding 

• eRD107 Fwd Heal 
• full funding 

• eRD108 MPGD  
• Cut down to support for Saclay (inner cyl. MMG). All other systems (cylindric and disks) ➟ PED 

• eRD109 ASICs 
• full funding
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FY24 Some Details
• eRD110 Photosensors 

• parts moved to PED 
• eRD111 Si Tracker 

• full funding 
• eRD112 AC-LGAD 

• No FBK production (HPK only). R&D on novel cooling ➟ generic R&D 
• eRD113 ITS3 MAPS 

• Complex, lots of discussion with PIs, large fraction moved to PED 
• eRD114 pfRICH 

• All PED 
• eRD115 Imaging Cal 

• full funding
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Completion of R&D Dates as Listed in P6
• coming soon

Recall: CD-2/3 April 2025
only Si sensors and ASICSs/Electronics after CD-2
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Generic R&D
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Generic EIC R&D
• Home Page: https://www.jlab.org/research/eic_rd_prgm 
• Coordinated by Dave Mack (JLab) 
• Aim at ePIC upgrades and D2 technologies 
• TU and others are watching for potential overlap with project R&D (DOE pays 

attention, Question during CD-3A review) 
• 1st Round (2022) 

• Substantial delays due to contract difficulties (similar or worse than for project 
R&D) 

• 2nd Round: 
• Detector advisory meeting reviewed proposals Oct 30-31, final report pending 

although funding decisions are made 
• as always requests exceeded available fund by factor 2 ($2.8M vs.  $1.3M)
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Generic R&D: Calorimetry
Title PI(s) PI Institution(s)                             Committee Fractional 

Funding Factor

Towards a Few-Degree 
Calorimeter: bridging the Q2 
gap to support the quest for 
gluon saturation

M. Arratia UC Riverside 0.50

Generic glass scintillators 
for EIC Calorimeters 
(ScintCalEIC) R&D

T. Horn CUA 0.40

Feasibility of Organic Glass 
Scintillators for EIC ZDC

G. Carini, 
E. Aschenauer,  
A. Bolotnik

BNL Instr. Div.,  
BNL Physics Div.

0.20

Continuation of EIC KLM 
R&D Proposal

 A. Vossen,   
W. W. Jacobs

Duke U.,  
Indiana U. CEEM

0.80
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Generic R&D: PID
Title PI(s) PI Institution(s)                             Committee Fractional 

Funding Factor

Pressurized RICH M. Contalbrigo INFN Ferrara and U. 
Ferrara

1.00

Z-Tagging Mini DIRC C.E. Hyde,  Wenliang Li ODU,  
SBU and CFNS

0.50

Performance of GridPIX 
Detector in Magnetic Field 
with low mass and high 
efficiency CO2 cooling

T. K. Hemmick,   
P. Garg

SBU and CFNS, Yale U. 0.50

Development of a Novel 
Readout Concept for an EIC 
DIRC

G. Kalicy,  
J. Schwiening

CUA, GSI 0.80
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Generic R&D: MPGDs, Timing, FEE
Title PI(s) PI Institution(s)                             Committee 

Fractional Funding 
Factor

Gaseous Precision Timing and/or 
Tracking:  

Development of High Precision and Eco-
friendly MRPC TOF Detector for EIC Zhenyu Ye, Zhihong Ye UI at Chicago, 

Tsinghua U. 0.60

Development of Double-sided Thin-Gap 
GEM-µRWELL for Tracking at the EIC K. Gnanvo Jlab 0.50

Front End Electronics:  

Design, Fabrication and testing of a 
multi-channel System on a chip for Low-
Power High-Density High Timing 
Precision Readout ASIC for AC-LGADs 
(HPSoCv3)

L. Macchiarulo,  
B. Schumm

Nalu Scientific, 
UC Santa Cruz 0.80
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Generic R&D: Silicon Detectors
Title PI(s) PI Institution(s)                             Committee 

Fractional Funding 
Factor

A Fast Timing MAPS Detector for the EIC X. Li LANL 0.40

Slim Edge for LGADs G. Giacomini BNL Instr. Div. 1.00

Photonics-Based Readout and Power Delivery 
by Light for Large-Area Monolithic Active Pixel 
Sensors

S. Mandal,  
S. Rescia

BNL Instr. Div. 0.80

Large-Area Monolithic Active Pixel Sensors 
Combining High Spatial and Temporal Resolution

D. Gorni BNL Instr. Div. 0.00

R&D of 4D Detectors with EICROC and AC-
LGAD at EIC consolidating a US-Japan 
Consortium

P. Tribedy,  
K. Shigaki

BNL Instr. Div., 
Hiroshima U.

0.00

Fabrication and characterisation of the Trench 
Isolated Low Gain Avalanche Detectors for 4D 
tracking

S. Gardner U. Glasgow 0.00
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Generic R&D: Others
Title PI(s) PI Institution(s)                             Committee Fractional 

Funding Factor

Other New Detectors:  

Scintillator Fiber Trackers for the 
ZDC and off-momentum detectors C. Ayerbe Gayoso

College of 
William and 
Mary 0.59

Superconducting Nanowire 
Detectors for the EIC

Sangbaek Lee,  
W. Armstrong ANL 1.00

Other R&D to Support or Expand the 
Physics Program:  
R&D for a new concept EIC nucleon 
polarimeter based on chemical 
hyperpolarisation D. P. Watts U. of York 0.00
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Last Slide
• EIC Community is in lucky situation having two R&D programs 

• Project R&D ➟ ePIC 
• Generic R&D  ➟ D2 and ePIC upgrades 

• Project detector R&D expected to dwindle down at CD-2, generic program is there 
to stay 

•


