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EIC Detectors
• Detector-1 (EIC Project Detector)

• To be sited at IP6 (25mr crossing angle)
• Addresses EIC science program as outlined

in the EIC white paper and NAS report
• Must be ready for Day-1 EIC operations
• DPAP proposal process
• Working towards pre-TDR/CD-2

• Detector-2 
• To be sited at IP8 

(35mr crossing angle, secondary focus)
• Requires development of 2nd IR

• Physics program complementary to Detector-1
• Ready 2-5 years after Detector-1
• Development activity at the EICUG WG level
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Detector-1 Reference Design (Current)
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Detector-1 Reference Design (Current)
Tracking:

• Si MAPS (65nm)
• AC-LGAD
• µRWELL

PID:
• hp-DIRC
• mRICH
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• AC-LGAD (~30ps TOF)
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Detector-1 Reference Design (Current)
Tracking:

• Si MAPS (65nm)
• AC-LGAD
• µRWELL

PID:
• hp-DIRC
• mRICH
• dRICH
• AC-LGAD (~30ps TOF)

Calorimetry:
• SciGlass Barrel EMCal
• PbWO EEEMCal
• Longitudinally separated EM+Hcal
• Inner HCal (instrumented frame)
• Outer HCal (sPHENIX re-use)
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AI Assisted Detector Design

4
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AI is a key part of 
EIC detector design!
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Far-Forward / Backward Instrumentation

Far-Forward Instrumentation

Far-Backwards
• Low-Q2 tagger
• Luminosity monitor

EIC detectors are highly integrated with the 
accelerator – extensive cooperation required to 
achieve science goals! 
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See talk from Michael Murray (Thurs)



Streaming DAQ
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See talk from Jin Huang (Thurs)

• No External trigger
• All collision data digitized but aggressively zero suppressed at FEE
• Low / zero deadtime
• Event selection can be based upon full data from all detectors (in real time, or later)
• Collision data flow is independent and unidirectional-> no global latency requirements
• Avoiding hardware trigger avoids complex custom hardware and firmware
• The “Front End Processing”, programmable hardware between the FEEs and the DAQ 

computers, is deemphasized relative to the yellow report, but should not be precluded.
• Data volume is reduced as much as possible at each stage



Reference Detector Consolidation
• Return to the guidance from the EIC project:
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Make use the creativity and ingenuity of the entire community to make 
the EIC project detector the best it can be within cost and risk constraints!
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Make use the creativity and ingenuity of the entire community to make 
the EIC project detector the best it can be within cost and risk constraints!

This process must be driven by physics performance!



Key items under consideration by Det1 WG’s
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Key items under consideration by Det1 WG’s
• Optimization of barrel tracking

• Achieving a realistic, low-mass design with 
good performance

• MPGD selection (µRWell or µMega)
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This process must be driven by the physics performance!
Iterative process between DWG’s, PWG’s and GD/I WG



From 5/13 –
B. Surrow 
presentation 

Goal is to expedite 
the formation of 
the collaboration 
with elected 
leadership!

Elected 
at the 
same 
time!

Timescale: 

Done

ASAP

Now -> JULY

EICUG Meeting 
Discussion
(approval in months  
following mtg)

Set by adoption of 
bylaws – perhaps 
Sept/Oct?

(inst. representatives)
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presentation 

Goal is to expedite 
the formation of 
the collaboration 
with elected 
leadership!

Elected 
at the 
same 
time!

Timescale: 

Done

ASAP

Now -> JULY

EICUG Meeting 
Discussion
(approval in months  
following mtg)

Set by adoption of 
bylaws – perhaps 
Sept/Oct?

(inst. representatives)

Many more details to follow 
at June 24th

Det1 General Meeting
https://indico.bnl.gov/event/16017/ 
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https://indico.bnl.gov/event/16017/


Detector-1 Collaboration Formation

• EICUG Annual Meeting 
July 26-30, 2022

• Early Career meeting July 24-25th

• Detector 1 Dedicated Meeting:
• July 27th (half day), 28th

• Scientific program focused on Det1
• Collaboration formation:

• IB Meeting Session
• Open discussion on bylaws/charter
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The July meeting will kick off the start of the official Detector-1 collaboration. Following this meeting the Det1 
institutions will continue in the fall with the approval of the charter and elections for leadership positions. 



What creates systematic limitations? 
• Things you need to correct for, but can’t directly measure or can’t 

measure as well as you would like: 
• PID unfolding for flavor separated measurements

• … across multiple detector systems!
• MCEG Tune dependence
• Radiative corrections
• Finer statistics allow for finer binning, which then 

requires much higher MC statistics for unfolding 
detector effects

• Luminosity/Relative luminosity
• Polarization 
• Backgrounds/Radiation in detector
• … (lots of additional items on this list)
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See Tues afternoon/
Wed morning talks



EIC, Det1 and BSM Physics
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Extraction of 𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃𝑤𝑤already limited by 
~1% electron polarization scale error!

arXiv:2204.07557v2

See also: 
Michael Nycz (Tues)
Jinlong Zhang (Wed)

https://arxiv.org/abs/2204.07557


HL-EIC, Det1 and BSM Physics
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HL = 10 x EIC

Attempt to reduce effect of Pe systematic error 
by simultaneously fitting Pe and Wilson 
coefficients – but this introduces correlations 
between the two! 

arXiv:2204.07557v2

See also: 
Kagan Simsek (Tues)

https://arxiv.org/abs/2204.07557


Luminosity/Relative Luminosity
• Builds on HERA experience

• Achieved 1.7% scale uncertainty,
EIC goal is ~1%

• Precision required for relative lumi. ~10-4

• Set by asymmetry measurement requirements
• As both beams are polarized, bremsstrahlung rate depends on spin state:

• This couples the Pe , Ph and luminosity measurements (!)
• Goal for Pe,h systematic ~ 1%

• It will be a challenge to improve the relative luminosity measurement to a 
level that allows statistical improvement in the asymmetry measurements 
at an HL-EIC
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EIC YR Fig 11.112

𝜎𝜎𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 𝜎𝜎0 1 + 𝑎𝑎𝑃𝑃𝑒𝑒𝑃𝑃ℎ See Thurs talks from: 
Dave Gaskell
Jaroslav Adam



Detector Backgrounds/Radiation 
• Three types of background/radiation sources we need to worry about: 

• Primary collisions
• Synchrotron radiation
• Beam-gas induced

• All of these couple with the beam parameters
• Divergence, energy spread, crossing angle, bunch length

• Why are these “bad”?
• Detector occupancy

• Additional hits in detectors (especially for the tracker vertexing layers)
• Affects PID detectors due to scattering and secondary interactions

• Detector lifetime (radiation damage)
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Excellent set of talks in Jun 16 Det1 
Tracking WG meeting: 
https://indico.bnl.gov/event/15821/

https://indico.bnl.gov/event/15821/


Primary Collisions
• Primary source of ionizing radiation and low energy neutrons

6/23/2022 J. Lajoie - CFNS HL-EIC 16

 backward EmCal: ~250 rad/year
(at a luminosity ~1033 cm-2 s-1)

 forward EmCal: up to ~5*109 n/cm2 per fb-1 

(inside the towers); perhaps ~5 less at the SiPM
location 

Neutron fluence studies require validation 
and are sensitive to the simulation 
framework and the detector design!

(figures from E. Aschenauer)



Synchrotron Radiation
• Extensive simulations by of SR by accelerator background WG group

• SynRad+ modeling software
• Input:

• 3D model of beampipe 
• Beam emittance, current Magnet locations and fields 

• Output: 
• Synchrotron Radiation – Position, Flux, Energy, Direction

• Synchrotron Radiation Mitigation
• Photon absorber configuration: 
• Wider beam pipe for 

• 13.5 σ clearance in x 
• 23 σ clearance in y 

• Beampipe material/structure
• 2-5 µm Au coating
• Sawtooth/ridge texture for photon 

absorption 
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Synchrotron Radiation and Desorption
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Pump ports

Photon flux density 
on surfaces

Pressure profile 
along beamlines
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(figures from E. Aschenauer)



Pressure in Forward Cryostat
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10,000 Ahr, no pumps in cryostat
+5/-15m Avg: 1.3e-8
+4.5/-5m Avg: 3.3e-9

10,000 Ahr, all pumps
+5/-15m Avg: 3.0e-9
+4.5/-5m Avg: 2.7e-9

100 Ahr, no pumps in cryostat
+5/-15m Avg: 1.5e-7
+4.5/-5m Avg: 3.5e-8

(figures from E. Aschenauer)



Beam-Gas Consequences
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Electron Beam: e + 𝐻𝐻2 → 𝑒𝑒′ + 𝛾𝛾 + 𝐻𝐻2

Proton Beam: p/A + 𝐻𝐻2 → 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

ATHENA study by Jaroslav Adam (BNL) ATHENA study by Zhengqiao Zhang (BNL)

(also a significant contribution to low-energy 
neutrons in detector hall)
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Electron Beam: e + 𝐻𝐻2 → 𝑒𝑒′ + 𝛾𝛾 + 𝐻𝐻2

Proton Beam: p/A + 𝐻𝐻2 → 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

ATHENA study by Jaroslav Adam (BNL) ATHENA study by Zhengqiao Zhang (BNL)

(also a significant contribution to low-energy 
neutrons in detector hall)

Detector-1 reconstruction/impact 
studies with realistic backgrounds 
have not yet been done – very 
high priority as we move towards 
a technical design!



Conclusions
• The process of developing the EIC Det1 is really just maturing

• EIC detectors are an enormous undertaking that will require participation and 
expertise from both the RHIC and JLab communities, as well as key international 
contributions!

• Currently wrestling with EIC luminosity requirements, 10xEIC will require a lot of 
thought and work

• The “Detector-1” Collaboration effort has kicked-off:
• Collaboration formation meeting July 27-28th , preparatory work ongoing

• A detector at the HL-EIC will have to contend with a number of issues:
• Need for improved polarization systematic (Pe)
• Luminosity/Rel. Luminosity measurement requirements
• Increased radiation dose, esp. neutrons (SiPMs)
• Increased synchrotron radiation
• Need for very high-quality vacuum in the machine

• …and need for stability across runs, detector maintenance, etc. 
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Detector-1 Resources
• New Indico section for Detector-1 WG’s:

• https://indico.bnl.gov/category/402/
• New mailing lists (lists.bnl.gov)

• Additional Collaboration resources 
available: 

• Wiki, Mattermost, etc. 
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eic-projdet-TOFPID-l@lists.bnl.gov
eic-projdet-calo-l@lists.bnl.gov
eic-projdet-ExclDiff-l@lists.bnl.gov 
eic-projdet-SemiIncl-l@lists.bnl.gov
eic-projdet-BSMEW-l@lists.bnl.gov  
eic-projdet-CPID-l@lists.bnl.gov
eic-projdet-tracking-l@lists.bnl.gov 

eic-projdet-SimQA-l@lists.bnl.gov
eic-projdet-FarBack-l@lists.bnl.gov  
eic-projdet-daq-l@lists.bnl.gov 
eic-projdet-FarForw-l@lists.bnl.gov 
eic-projdet-CompSW-l@lists.bnl.gov
eic-projdet-Inclusive-l@lists.bnl.gov
eic-projdet-JetHF-l@lists.bnl.gov
eic-projdet-GlobalInt-l@lists.bnl.gov

Indico calendar for all Detector-1 meetings can be 
connected to your calendar (View->Calendar)

https://indico.bnl.gov/category/402/
https://wiki.bnl.gov/eic-project-detector/index.php/Main_Page


EICUG Det1. Agenda

• EICUG Annual Meeting 
July 26-30, 2022

• Early Career meeting July 25th
• Detector 1 Dedicated sessions:

• July 26th (half day), 27th

• Scientific program focused on Det1
• Be prepared for WG presentations
• WG conveners are encouraged to 

attend in-person if possible
• Collaboration formation:

• IB Meeting Session
• Open discussion on bylaws/charter
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