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Generic EIC Detector R&D Program
• Started 2011 BNL, in association with JLab and the DOE 

Office of NP 
• Funded by DOE through RHIC operations funds 
• Program explicitly open to international participation 
• Standing EIC Detector Advisory Committee consisting of 

internationally recognized experts in detector technology 
• Typical 10-11 projects supported per FY 
• 195 participants from 49 institutions (16 non-US)

2URL: https://wiki.bnl.gov/conferences/index.php/EIC_R%25D

Current: Marcel Demarteau** (ORNL), Carl Haber (LBNL), Peter Krizan (Ljubljana),  
Ian Shipsey (Oxford), Rick Van Berg (UPenn), Jerry Va’vra (SLAC), Glenn Young (BNL)

**Chair



Meetings 2019/2020
• January 24-25, 2019 
‣ Review of ongoing projects 

• July 11-12, 2019 
‣ Review of ongoing projects 
‣ New proposals and renewal of ongoing proposals 

• September 19, 2019 
‣ Special Meeting with eRD14 

• January 30-31 (BNL) 
‣ Review of ongoing projects
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N.B.: Projects are labeled eRDNN (eRD to distinguish from 
CERN identifier for R&D projects)



Projects
• Types 
‣ Detector hardware related R&D (one or few system) 
‣ Software development (one topic) 
‣ Detector related studies/simulations (one topic) 
‣ Consortia 

๏ Work on various technologies related to major 
detector components 

๏ Tracking, PID, Calorimetry, Software/Simulations 
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Many are active since 2011 (especially consortia), 
others are completed
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R&D Project Topic Status
eRD1 EIC Calorimeter Development active

eRD2 A Compact Magnetic Field Cloaking Device completed

eRD3 Design and assembly of fast and lightweight 
forward tracking prototype systems

completed 
(merged with 
eRD6)

eRD6 Tracking and PID detector R&D towards an EIC 
detector

active

eRD10 (Sub) 10 Picosecond Timing Detectors at the EIC completed 
(merged into 
eRD14)

eRD11 RICH detector for the EIC’S forward region 
particle identification - Simulations

completed 
(merged into 
eRD14)

eRD12 Polarimeter, Luminosity Monitor and Low Q2-
Tagger for Electron Beam

completed

eRD14 An integrated program for particle identification 
(PID)

active
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R&D Project Topic Status
eRD15 R&D for a Compton Electron Detector completed

eRD16 Forward/Backward Tracking at EIC using MAPS 
Detectors

active

eRD17 BeAGLE: A Tool to Refine Detector 
Requirements for eA Collisions in the Nuclear 
Shadowing/Saturation Regime

active

eRD18 Precision Central Silicon Tracking & Vertexing active
eRD19 Detailed Simulations of Machine Background 

Sources and the Impact to Detector Operations
completed (see 
eRD21)

eRD20 Developing Simulation and Analysis Tools for the 
EIC

active

eRD21 EIC Background Studies and the Impact on the 
IR and Detector design

active

eRD22 GEM based Transition Radiation Tracker R&D for 
EIC

active

eRD23 Streaming Readout for EIC Detectors active

eRD24 Silicon Detectors with high Position and Timing 
Resolution as Roman Pots at EIC

active



Examples (I)
• eRD1 (Calorimetry) 
‣ Scintillating fibers embedded in W-powder composite 

absorber, a.k.a W-SciFi 
‣ Shashlik Calorimeters 
‣ Lead Tungstate (PbWO4) crystals 
‣ Scintillating Glasses 
‣ Hadron Calorimetry (beginning) 
‣ SiPM testing
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  Optimization (geometry, coupling, length of light guides) of light collection:
Compact scheme with 4 
SiPMs, which only 
partially covering output 
area and partially mixed 
light due to short light 
guide especially prone to 
be non-uniform.
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•  UV LED Mapping. Uniformity of 
Light Collection •  Fibers bent away from the light guide edges to 

minimize losses at edges.
•  Fibers bent away in the center of the tower to 

equalize with corners.

➢ Develop crystal and glass formulation and production processes, and 
optimization of quality assurance/quality control procedures

Work with vendors on cost-effective production of high-quality scintillator material

Start beam test program with EMCal prototype – establish real resolutions

Start working on future activities – readout, matching materials, etc.

➢ Design and commission 3x3 and 12x12 prototypes including real readout system
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What was planned for FY19 

➢ Set up a test bench for testing different readout options

➢ Raw material control and purity, investigate new sources of raw material

➢ Develop  long-term goals and milestones for material development

➢ Analyze data from prototype beam test program

➢ Start designing simulations for material matching in different regions



Examples (II)
• eRD6 (Tracking) 
‣ GEMs & multi-layer GEMs & GEM + MMG 
‣ Low-mass GEM tracker 
‣ Resistive micro-well detector (µRWELL) detector (new) 
‣ Micro-TPC 
‣ Cherenkov-TPC 
‣ Gaseous single-photon detection with MPGDs for high-p RICH 

- new photocathode based on NanoDiamond (ND) particles 
coupled to MMG 

‣ TPC Readout Chambers

8

eR
D6Forward Tracker – Low-mass GEMs (FIT)

Initial assembly of carbon-fiber frame prototype and test:

7/26/2018 M. Hohlmann, R&D Report and FY19 Proposal - eRD6 Tracking & PID Consortium 9

FIT

Common
GEM foil

eR
D6Gaseous Photon Detection (INFN)

7/26/2018 22M. Hohlmann, R&D Report and FY19 Proposal - eRD6 Tracking & PID Consortium

• Preliminary exercises 
• 6 small-size THGEMs ( 30 x 30 mm2 ) fully characterized before and after 

coating with ND powder & Hydrogenated ND (HND) powder:

• ND : systematically higher gain 

• HND : systematically lower breakdown HV,  morphology ?

Æ Already indications for future studies

ND 

before coating

after coating

ND coating,
no large 
grain 
observed

HND coating,
presence of 
large grains

Magnification: x 20

Two current tasks (cont.) :
2. Initial studies of the compatibility of an innovative photocathode based 

on NanoDiamond (ND) particles with the operation in MPGD-based 
photon detectors

INFN

eR
D6
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R&D on µRWELL with 2D Readout (UVA) 

7/26/2018 M. Hohlmann, R&D Report and FY19 Proposal - eRD6 Tracking & PID Consortium

µRWELL with 2D X-Y readout

µRWELL in FNAL Test Beam

µRWELL

Goals / challenges of the current R&D:

⇨ µRWELL R&D: We acquired and assembled one small 10 cm × 10 cm 

prototype with 2D X-Y strips readout a la COMPASS

⇨ Study the performance of 2D readout strips: X-Y strips  signal are 

shared through capacitive coupling

⇨ Charge sharing and cluster charge size (ave. # of strips with hit)

⇨ Preliminary results from the test beam data taken with Ar/CO2 70:30

⇨ non equal sharing between top and bottom strips and distortion of 

the charges on bottom strips 

⇨ Analysis of the data just started and is ongoing

Preliminary results with the µRWELL @ FTBF (July 2018)

Position scan with Proton 
Beam

Strong distortion of the 
pulse ADC distribution 
for the bottom strips: 
Under investigation

Expected Landau 
distribution of the pulse 
ADCs for the top strips: 

UVA
Cross section of µRWELL layer  with 2D X-Y readout



Examples (III)
• eRD14 (PID) 
‣ DIRC (Detection of Internally Reflected Cherenkov light) for 

barrel region 
‣ mRHIC: Compact aerogel RICH covering up to 10 GeV/c (π/K/p) 
‣ dRICH: RICH with two radiators (gas + aerogel) to cover the full 

momentum range: more than 3 s.d. separation for π/K/p over 
3-50 GeV/c in forward region (up to 15 GeV for e/π) 

‣ Photosensors 
‣ High field tests
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DIRC – overview
High Performance DIRC simulations
§ More detailed simulations of DIRC@EIC design with 

3-layer lens still show a 3σ separation
p/K@10GeV/c, p/K@6GeV/c, and e/p@1.8GeV/c.

Experimental tests of 3-layer lens prototypes:
§ Finished 3D mapping of focal plane.
§ Performance in prototype placed 

in particle beam. 
(synergy with PANDA Barrel DIRC group)

§ Paper on prototype program and test bench 
tests of the 3-layer lens properties in preparation.

Alternative materials for 3-layer 
§ Sapphire and PbF2 are very attractive candidates to 

replace NLaK33 glass as material for middle layer. 
§ Two vendors are willing to build prototypes using new 

materials.
§ Preliminary simulation studies as well as first radiation 

hardness measurements are very encouraging.
§ Detailed radiation hardness tests and simulations are in 

progress. 

Detector
Surface

Solid
Radiator

Particle
Track

Cherenkov 
Photon Trajectories

Focusing
Optics

Mirror

Spherical and cylindrical 
3-layer lens prototypes

High performance DIRC in Geant 4

mRICH – FY18 progress (part one)
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Another very successful mRICH prototype beam test at Fermilab (6/25 to 7/6/2018)

Group photo (missing two members) 
– the first confirmed ring image 
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Example: measurement of the 
aerogel chromatic dispersion
and UV filter optimization

dRICH Prototype in aerogel mode



Examples (IV)
• eRD16 & eRD18 (Si Detectors & Simulations) 
‣ Simulations to optimize geometry (pixel size, # of layers, 

radii, # of disks, …) for forward/backward and barrel - 
design based on depleted MAPS 

‣ Si/Maps as main tracker (new studies) 
‣ Sensor development  

๏ Selected technology: TowerJazz 180 nm modified 
process 

๏ Fully depleted with small collection electrode
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WP1: TJ 180nm CMOS imaging technology

§ Standard process

– Used by the ALICE ITS ALPIDE sensor

– Small collection electrode = low detector capacitance 

– Partially depleted; charge collection in part by drift

§ Modified process

– Developed by CERN-TJ collaboration for HL-LHC tracker upgrades

– Deep planar junction allows full depletion with small collection electrode 

– Enables small pixels, low noise, and low power 

Laura	Gonella	&	Peter	Jones	|	EIC	Detector	R&D	Meeting	|	12	July	2019 4

W. Snoeys et al. Nuclear Inst. and Methods in Physics Research, A 871 (2017) 90–96

Fig. 1. Layout of the new ALICE ITS with 3 inner, 2 middle and 2 outer layers spanning a range in radius of 22 to 400 mm [1].

Fig. 2. A deep pwell shields the nwells with circuitry from the sensor and allows full CMOS in the pixel. In the standard process it is difficult to deplete the epitaxial layer over its full
width.

consumption. The deep pwell also helps to shield the sensor from
activity in the readout circuitry. Outside of the pixel matrix it is also
possible to use a deep nwell to obtain a standard triple well structure.

This technology follows the general trend observed in many deep
submicron CMOS technologies for increased total ionizing dose toler-
ance with decreasing gate oxide thicknesses [5–7]. Concerning tolerance
to non-ionizing energy loss (NIEL), traditional MAPS collect charge
primarily by diffusion, and often already show significant performance
degradation after fluences in excess of 1012–1013 1 MeV neq/cm2. MAPS
devices with a higher radiation tolerance have been reported with a
higher resistivity epitaxial layer for which the drift component in the
charge collection is more important [8]. Also the ALPIDE sensor uses
a higher resistivity epitaxial layer. Applying reverse substrate bias to
the ALPIDE sensor increases the tolerance to non-ionizing energy loss
to well beyond 1013 1 MeV neq/cm2, sufficient for the modest ALICE
requirements. However, depletion in the sensor is limited to the region
around the collection electrode and signal charge generated outside the
depleted area is still collected primarily by diffusion. To improve NIEL
tolerance up to 1015 1 MeV neq/cm2 and beyond for more demanding
applications, a drift field and hence depletion is required over the full

sensitive layer to push the charge carriers to their destination and
strongly reduce their collection time and hence the probability for them
to be captured by radiation-induced defects or traps and be lost for
readout. This is further discussed below.

2. Towards full depletion of the sensitive layer

In the standard process (Fig. 2), depletion starts at the junction of
the collection electrode and expands with increasing reverse bias, but it
is difficult to laterally extend the depletion region far into the epitaxial
layer in between the low resistivity substrate and the deep pwell, as
this requires a potential gradient or an electric field in between two
equipotentials. Increasing the size of the collection electrode and hence
of the junction would facilitate the depletion over the full pixel area
but would lead to a very significant penalty on the input capacitance
and power consumption [9]. Reducing the area of the deep pwell would
also help but would reduce the area available for circuitry and limit the
complexity of the in-pixel circuitry. Another possibility is to place the
readout circuitry in the pixel in the well implementing the collection
electrode [10–13], but also this limits the complexity of the in-pixel
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W. Snoeys et al. Nuclear Inst. and Methods in Physics Research, A 871 (2017) 90–96

Fig. 3. Schematic cross-section of a pixel in the modified process: at very low reverse collection electrode bias the depletion of the low dose n-type implant is only partial around the
collection electrode (a). For higher reverse biases the depletion reaches the nwell implant for the collection electrode (b) yielding a low sensor capacitance.

Fig. 4. Onset of punchthrough between deep pwell and substrate at around *20 V reverse substrate bias for various collection electrode biases (VCE = 1 V (a), 3 V (b) and 5 V (c)),
and as can be seen the onset is practically unaffected by VCE. Isub and Ideeppwell are the currents at the substrate and deep pwell terminals, respectively. In punchthrough the current
between those two terminals severely increases and becomes dominant.

source [19,20]. The two characteristic X-ray peaks are clearly visible
for both standard and modified process. The higher dose of the deep
implant in the modified process is higher than the lower one by several
tens of percent. The peak positions indicate that increasing the higher

implant dose yields a slightly higher sensor capacitance, for a lower
dose there is no sensor capacitance penalty, indicating the depletion
extends then to the nwell implant defining the collection electrode. The
cluster size distributions indicate the full signal is collected on a single
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W. Snoeys et al, http://dx.doi.org/10.1016/j.nima.2017.07.046



Examples (V)
• eRD12 (completed 2016) 
‣ Electron polarimeter 
‣ Luminosity monitor 
‣ Low Q2-tagger (Q2 < 0.1 GeV2) 
‣ Roman pot study (now also eRD24) 
‣ Requirements, Locations, Simulations, Technologies
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Luminosity Monitor Implementation 
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Update on low Q2-tagger 
!  low Q2-tagger will be used to capture electrons that miss main 

detector and come from low Q2 (<0.1GeV2) events 
!  physics topic example: photoproduction and PDF for photons 

!  located 2.5 cm from the beam center outside of  the beam pipe 

!  add a third layer for redundancy in track reconstruction 

!  more realistic simulations underway 
!  previously implemented a scattering angle reconstruction using 

perfect MC hits 

!  now run the hit digitization step and cluster formation in emcal 
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Other eRD Efforts Relevant for Today
• eRD20: Software/simulation consortia 
‣ see talk by Markus  

• eRD17: BEaGLE -  eA generator  

• eRD21: Background studies  
‣ see also talk by Alexander/Yulia
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Where to Find Information?
• Many projects have a good publication record (see 

Reference document on Indico page of this meeting). 

• All projects do a good job describing the status in their 
Progress Reports (https://wiki.bnl.gov/conferences/
index.php/EIC-Detector-Proposals). 
‣ Note: Consortia completed some of their R&D. One 

needs to go back in time to look those up. 

• For a quick overview see the Presentations of the 
various projects (https://wiki.bnl.gov/conferences/
index.php/Meetings). 

• Each project has a Contact Person that are listed 
together with the progress reports (see above). 

• Ask me (thomas.ullrich@bnl.gov)
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