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INTRODUCTORY NOTES
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• This talk is to update you about the ePIC detector 

 the ePIC detector is the reference frame for the EIC 
Project R&D proposals, which will be scrutinized 
during this meeting
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THE PATH TO DETECTOR-1
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The Proposals

 ATHENA
 A Totally Hermetic Electron-Nucleus 

Apparatus

 Concept: General purpose detector 
inspired by the YR studies based 
on a new central magnet of up to 
3T 

 CORE
 COmpact detectoR for the EIC

 Concept: Nearly hermetic, general 
purpose compact detector, 2T 
baseline

 ECCE 
 EIC Comprehensive 

Chromodynamics Experiment

 Concept: General purpose detector 
based on 1.5T BaBar magnet
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THE PATH TO DETECTOR-1
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 Following DPAP recommendation and Project decisions 

the ECCE and ATHENA proto-collaborations came together to move 
forward towards:
• The formation of a new scientific collaboration: ePIC
• Consolidate and optimize, evolving the reference detector to an 

advanced detector concept 

HOW?

• Interim SC from representatives in both proto-collaborations
• Forming joint WGs
• Organizing detector consolidation and optimization
• Steps for establishing the new collaboration
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 The initial 
concepts in the 
2010’s

LEGACY FROM THE PREVIOUS ACTIVITY
 White paper 

(2012, 2014) 

6

 The Yellow Report reference 
detector (2020)
A global effort of the 

EIC-User Group

S. Dal  

DETECTOR HISTORICAL BACKGROUND
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LEGACY FROM THE PREVIOUS ACTIVITY

 The development of detector technologies for the EIC detector(s) supported in 
years 2011-2021 by a robust R&D program with US and international 
participation

 An (incomplete) flavour: 

The program of Generic Detector R&D for EIC
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The  ePIC Collaboration 
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The  ePIC Collaboration 
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STRUCTURING THE COLLABORATION
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now
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INTERIM STRUCTURE

 The Steering Committee  (author of this talk)

 The Collaboration Council, an Institution Representative per 
Institution

 Interim co-chairs: 
 Victoria Greene (Vanderbilt U.) and Franck Sabatié (CEA/Saclay)

 The Charter Committee:
 Pietro Antonioli , Olga Evdokimov (co-chair), Douglas Higinbotham (co-

chair), Barbara Jacak, Zein-Eddine Meziani, Rosi Reed, Ralf Seidl and 
Peter Steinberg

 The Working Groups, physics and detector aspects

EIC-LHC synergies, CERN, 21-22 June 2022 EIC-DETECTOR     Silvia DALLA TORRE
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Working Groups
WGs have a key role in the consolidation/optimization process

GD/I WG: Recently enlarged to enhance coordination effort
( new members: Carlos Munoz Camacho, Joe Osborn )
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THE COMPLETE DETECTOR

Total size detector: ~75m
Central detector: ~10m
Backward electron detection:   ~35m
Forward hadron spectrometer: ~40m

Auxiliary detectors needed to tag particles with 
very small scattering angles both in the outgoing 
lepton and hadron beam direction 
(B0-Taggers, Off-momentum taggers, Roman 
Pots, Zero-degree Calorimeter  and low Q2-
tagger). 

Barrel

Central 
Detector  
(CD)
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FAR FORWARD
Far Forward

• Instrumentation in the B0 magnet
• Roman Pots and Off Momentum 

detectors 
• Zero degree Calorimeter

TECHNOLOGIES 
(including alternatives)

• PbWO4 Cal
• W/Si sensors
• Pixelated AC-LGADs 
• MAPS
• W/SciFi
• Pb/Sci

ZDC
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FAR FORWARD
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Specific of far forward: high level 
of integration with the machine

B0 detectors

RPs and 
off-momentum detectors
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FAR BACKWARD
Far Backward

• Luminosity monitor (electron-ion bremsstrahlung )
• Low-Q2 tagger

TECHNOLOGIES (including alternatives)

• AC-LGAD
• PbWO4 Cal
• Spaghetti W-calorimeter with radiation-hard 

scintillating fiber
• Cherenkov-radiating quartz fibers read out by SiPMs

Overall challenge:

• High ebvent rates up to 
O(100 mHz) in calorimeter 
for luminosity 
measurements
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THE CENTRAL DETECTOR
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Barrel

Barrel

Forward
End-capBackward

End-cap
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Current ePIC DESIGN
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Current ePIC DESIGN
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Current ePIC DESIGN
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Current ePIC DESIGN
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SOLENOID   1/2
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SOLENOID   2/2

The cable
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TRACKING
Si Tracking 

MPGDs
• Curved (cylindrical 

geometry) 
MICROMEGAS / µRWell

• Large-size GEMs

• 2-D read-out needed

• 1 single technology: 65-nm MAPS
• O(10 µm) pitch, <20 mW/cm2

• Developed for ALICE ITS3 

• Silicon VERTEX  (3 layers)
• First layer @ R ~ 4 cm
• Material: 0.05% X/X0 / layer

• Silicon BARREL  (2 layers)
• Material: 0.55% X/X0 / layer

• F & B Silicon DISKs  
(5 in Front and Back)

• Material: 0.24% X/X0 / layer



28

Momentum resolution vs p 
in 3 η-bins

EIC Project R&D - DAC Meeting, 10/17, 2022                                                                             S. Dalla Torre

TRACKING GOALS

Transfer distance of closest 
approach to the primary vertex 
vs p in 3 η-bins
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Hot items in consolidation/optimization

DIRC
MPGD

• Tracking

• The effort of configuration optimization including Si and 
gas trackers must continue

• Si Tracking: critical aspects are 
• the confirmation of the material budget (including 

cable routing)
• the sizes and yields of the stitched sensors 

• The technology(ies) for the MPGD must be selected
• The layer internal respect to the DIRC is cylindrical
• The layer external to the DIRC (needed to improve 

DIRC resolution) approximates the cylinder by a set of 
flat trackers following the DIRC geometry 

• Should cylindrical and flat detector adopt the same 
MPGD technology ?

• Large gaseous tracker behind the dRICH
• Tension between dRICH resolution and space 

requested for the dRICH
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CALORIMETRY

2 options for the 
barrel calorimetry

Consolidated design merging
Technologies proposed by 
ECCE and ATHENA 
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BARREL ECAL

Barrel ECal with a 
hybrid 
imaging calorimeter 5 imaging layers

preceded by a time-layer

Pb/SciFi

Barrel ECal with SciGlass
blocks with projective 
geometry  
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Hot items in consolidation/optimization
• Barrel ECal

• Waiting for the results of

• The simulation campaign
• The test beams that should validate the parameters used in the simulations 

• Miscellanea of open questions

• performances compared with requirements for physics;
• integration features;
• plans for electronics;
• re-evaluate the costs for the ePIC geometry;
• confirm the performance of the scintillating glass;
• confirm the performance of the imaging approach

• Backward Hcal

• Requested by physics ?
• Current reference: no backward HCal
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PID

2 options for the 
backward RICH
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PID, more

Focusing DIRC 
with lenses (barrel)

ToF by AC-LGAD
(25-30 ps)

dRICH
2 radiators: Aerogel & gas 
(forward)
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PID, more

mRICH

Modular proximity focusing aerogel 
RICH with focusing by Fresnel lenses

pfRICH

Single volume proximity focusing 
aerogel RICH with long proximity 
gap (~30 cm)

Alternatives for
Backward PID

30
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PHOTOSENSORS for CHERENKOV PID

• commercial MCP by Photek or Photonis hpDIRC
 Cost !

 SiPM dRICH and backw. RICH
 Dark count rate and radiation damage mitigated with temperature  
 Performance recovery by thermal annealing (in situ ?) 
 Selection from different vendors 
 Robust and extended R&D ongoing
 ALCOR FEE, modified for EIC application

 LAPPD back-up SiPMs and 
 For backward RICH alternative for hpDIRC

 Material budget (also cooling!)
 Temperature gradient in front of crystal calorimeter
 Possibility to offer also ToF information
 LAPPD option more and more realistic per the backward RICH

Current reference and perspectives
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Hot items in consolidation/optimization

• PID

• dRICH
• Optimization of the detector configuration
• Option of  pressurized Ar instead of fluorocarbons

• Backward RICH
• Selection between the 2 options
• Simulation 

• Validation of SiPMs as single photon detector
• R&D
• Simulation of the noise effect

• LAPPD
• Maturity
• Performance for single photon and ToF
• Production capabilities
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Hot items in consolidation/optimization

• The backward end-cap, in a holistic approach

• Present reference includes  (from inside to outside)
• Backward RICH (mRICH/pfRICH) with SiPM photosensors operated at – 30-40oC 
• ToF layer by AC-LGAD (~ 7 kW power)
• ECal by lead tungstate crystals

• BUT:
• ECal crystals require stable temperature ( /∆T/  < 1oC )
• Both AC-LGAD and SiPM are source of T field
• The amount of material in front of ECal is, of course, a concern (ideally, when near to 

the ECal,  max ~ 20% X0)
• An important cooling system is massive 
• There are space constrains for the detector integration

• Options being considered:
• Backward RICH (mRICH/pfRICH) with LAPPD

• LAPPD can also provide ToF
• NO ToF layer by AC-LGAD 
• ECal by lead tungstate crystals, no modifications respect to reference
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ELECTRONICS and DAQ   1/2 

Other key elements:
• Timing system aiming at preserving ~10ps
• Slow and fast controls
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SIMULATION SOFTWARE
 Merging of the community in term of common software tools

 Process started in May and converged for the October simulation campaign

 October Simulation Campaign 
 First ambitious campaign after initial exercises in July
 The geometry of all detector included 
 The reconstruction software not fully available: raw data saved as 

benchmark for reconstruction development and cross check 

EIC-LHC synergies, CERN, 21-22 June 2022 EIC-DETECTOR     Silvia DALLA TORRE

Barrel Ecal, 
both options 

Tracking          

PID              

Far for/backword

Encap
calorimetry
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SOFTWARE SIMULATION

EIC-LHC synergies, CERN, 21-22 June 2022 EIC-DETECTOR     Silvia DALLA TORRE

COMPUTING INFRASTRUCTURE MODEL
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SOFTWARE SIMULATION

EIC-LHC synergies, CERN, 21-22 June 2022 EIC-DETECTOR     Silvia DALLA TORRE

COMPUTING INFRASTRUCTURE MODEL
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ENGINEERING DESIGN 
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R&D NEEDS
A SUMMARY

 MAPS
 2-D read-out of MPGDs
 Cylindrical µRWELL

 SciGlass, large blocks
 Forward calorimetry

 dRICH
 mRICH
 hpDIRC

 SiPMs
 LAPPDs
EIC Project R&D - DAC Meeting, 10/17, 2022                                                                             S. Dalla Torre
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Decision process
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Converging in consolidation/optimization
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CONCLUSIVE MESSAGES
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 The ePIC Collaboration is running !

 WG effort focused on consolidation and developing technical design for 
CD-2/3A  (pre-TDR) and CD3 (TDR)

 Increased coordination effort by the enlarged GD/I WG

 Simulation activity: key to understand the single subdetectors and to get 
a holistic understanding of the detector as a whole 

 Non negligible consolidation and optimization items are still open 

 Of great support: 
 The constant dialog  with the Project Management 
 The support of the project engineers for the integration 

 We count also on the suggestions from the DAC concerning technological 
matter
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THANK YOU
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