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Bases of ECCE PID 
Technology Choices

Closely follow the knowledge from a decade 
development of Generic EIC Detector R&D, 
especially from eRD14 (EIC PID Consortium)

Closely follow the community effort documented in 
the EIC Yellow Report

Rely on the experts who know the technology and 
can lead the effort

Realize that the EIC project schedule is very 
aggressive, leaving limited room for new R&D

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

http://www.eicug.org/web/sites/default/files/Yellow_Report_v1.1.pdf
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From EIC Yellow Report
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Table 8.20: Summary of the Physics Working Group detector requirement
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Momentum-driven Technology Choices

Table 8.6 Requested PID momentum coverage 
for 3σ pion/kaon separation. (Yellow Report)
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TOF Extends PID coverage to lower momentum range and complements the RICH-based PID coverage. In 
the barrel region, hpDIRC and TOF provide an overlapping coverage from ~200 MeV/c to 2 GeV/c.



PID Detectors in ECCE (as of today)
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Overall Dimension and the Allocated Space 
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The choice of a given PID detector is also constrained 
by the available space and the design of the 
interaction region for acquiring higher luminosities. 



dRICH in Hadron Endcap (Forward) 
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hpDIRC for Central Barrel
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3-layer compound lens creates 
flat focal plane (matched to 
the fused silica prism shape. 

Successfully produced 
prototype lenses and validated 
performance in PANDA Barrel 
DIRC prototype.



mRICH in Electron Endcap (Backward) 
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mRICH is designed for K/p
separation in a momentum range 
from 3 to 10 GeV/c and e/p
separation below 2 GeV/c. 

Beam tests in 2016 and 2018 at Fermilab for verifying mRICH working principle and performance; 2021 test at Fermilab with 
LAPPD photosensor (characterization!); Another test is planned in late August at Jlab with GEM tracker.



LGADs-Based TOF for ECCE
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From Wei Li at Rice University

Adding an extra doping layer (E ~ 300 kV/cm, close to breakdown)

LGADs potentially provide both 
PID at low momentum and a 
space point for particle tracking.

sT ~20 ps



Full GEANT4-
based 

Simulation 
(Fun4All 

Framework)
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Integrated ECCE GEANT4 SimulationhpDIRC

mRICH
array

dRICH



Integrated PID Performance Test 
via Full GEANT4 Simulation is 
Work in Progress. More to come.
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Summary

• The choices of the ECCE PID technology are based extensively on the 
knowledge from the EIC Generic Detector R&D project – eRD14.
• ECCE PID strategy is closely aligned with the reference design 

documented in the  EIC Yellow Report for achieving its scientific goals.
• All PID detectors (dRICH, hpDIRC, mRICH and TOF) have been 

implemented in full GEANT4 simulation with realistic material (i.e., 
optical) properties in ECCE simulation framework.
• The PID detector performance at the integrated system level (e.g.

tracking quality) has started.
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Physics -> EIC -> ECCE -> PID
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Welcome to Join the ECCE PID



Photosensors and Readout Electronics
• There has been a parallel effort in eRD14 for searching/testing/developing 

single-photon sensors and the associated readout electronics for RICH-based 
PID detectors. The ultimate sensors need to be functioning well inside 
magnetic field.
• ANL group led the effort of MCP-PMT and LAPPD development.
• Hawaii and INFN group led the readout electronics development.

• The pixel-size is 3mm x 3mm or smaller in order to achieve the required 
single-photon angular resolution for 3s K/p separation.
• We have tested a few commercially available sensors: Hamamatsu H13700, 

S12642 MPPC (SiPM matrix), and a LAPPD (development version from 
Incom).
• More study continues.
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ECCE TOF PID Performance
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all uncertainties (t0, tf, L) included

σt = 0 ps

σt = 20 ps



Radiation 
Dose Level 
Distribution
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