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Electron Ion Collider designs

Lower luminosity

560 MHz RF

330 bunches

33 ns between bunches

Electron current up to 1.2A

Ion current up to 0.46 A

High luminosity

560 MHz RF

1320 bunches

10 ns between bunches

Electron current up to 2.4 

A

Ion current up to 0.92 A

High luminosity polarized electrons on polarized and unpolarized ions

For electron beam asymmetry measurements polarization can be the dominating error.

Aiming for 1% or better electron polarization accuracy
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Ep = 275 GeV, Ee= 10 GeV

New eRHIC ring ring design : beam interaction frequency going from initial RHIC 10 MHz to  30 MHz with 330 

bunches  and 100 MHz with 1320 bunches in a 3.8 km ring
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Main Parameters eRHIC ring-ring for Maximum Luminosity
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Polarized Compton effect

𝐴𝐸𝑋𝑃 ≡
𝑁+ − 𝑁−

𝑁+ + 𝑁−
= 𝑷𝒆 ∗ 𝑃𝛾 ∗ 𝐴𝑄𝐸𝐷(𝐸𝑒, 𝑘𝛾 , 𝑘𝛾′)

𝜎 Ԧ𝑒 + 𝛾 → 𝑒′ + 𝛾′ 𝜎 ശ𝑒 + 𝛾 → 𝑒′ + 𝛾′≠

The polarization of the beam can be measured using the Compton effect.

Polarization of the photons 

(measurable)

Asymmetry computed using QED

Measured asymmetry
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Polarized Compton process

Longitudinal polarization asymmetry

Transverse polarization Compton asymmetry
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Polarized Compton process

The hit distributions are used to measure 𝐴𝐸𝑋𝑃.

𝐴𝐸𝑋𝑃 ≡
𝑁+ − 𝑁−

𝑁+ + 𝑁−

𝑵+

𝑵−

LASER 

ON
LASER 

OFF

Precision Electron-Beam Polarimetry using Compton Scattering at 1 GeV

ZERO 

CROSSING

COMPTON 

EDGE

(Hall C at Jefferson Lab)

https://userweb.jlab.org/~ddutta/HallC_Compton_PRX.pdf
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Compton chicane

gc

Laser + Fabry Perot cavity

e- beam 

from IP

Photon tagger

Compton electron

tracking detector

Compton photon 

calorimeter

Photons from IP

e- beam to spin 

rotator

Luminosity 

monitor

The electrons that interact lose part of their momentum, therefore they are deflected more

by dipolar magnets.
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JLab Hall C Compton Electron detector

Silicon or diamond strip detectors

About 200 to 250 strips 250 mm width

5 cm length to catch zero crossing and 

Compton edge

A solid state detector directly in the primary vacuum can approach the beam using a

movable support.

Present system used at JLAB Hall C : 

electronics connected with flat cables

Bad for SNR and speed!



Challenges at EIC

• Large beam current ( 2.4 A vs 200 uA at JLab )

– Wakefield power deposit by beam can be 
significant

– Synchrotron radiation ( more severe than JLab )

– Background

• Bremstrahlung

• Halo

– Detector radiation hardness
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Proposed EIC Compton electron detector

• Use Roman Pot for electron 
side too

• Pros :
– Access to detector without 

breaking main vacuum
– Electronics can be closer to 

electronics ( no flex cables )
– Cooling of detector easier

• Con :
– Additional material in front of 

detector
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TOTEM Roman Pot



Synchrotron radiation
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gc

e- beam 

from IP

Low-Q2 tagger for 

low-energy electrons

Compton electron

tracking detector

Compton photon 

calorimeter

Compton- and low-Q2 electrons 

are kinematically separated!
Photons from IP

e- beam to 

spin rotator

Luminosity 

monitor

gc

Compton electron

tracking detectore- beam to spin 

rotator

Electron detector not  
in direct view of 
synchrotron fan

Can see  still see 
synchrotron X-rays 
bouncing on the beam
pipe
Can add structure and 
coating to reduce rate

Beam pipe wall



Ante-chamber method

-24-26-28-30-32-34
0
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20

30

m

cm

26-Sep-16 

M. Sullivan

151 cm
Study by Mike 
Sullivan (PEPII)
Surface power density 
on the photon stop is 
62 W/cm
Eliminate single 
bounce photons
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Halo background

• Halo modeled by a double Gaussian distribution using 
beam size from PEPII

• Halo rates for 1 cm (blue) and 
2 cm aperture ( salmon )

• Can be used to reevaluate when more realistic halo 
available
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Compton Electron Rates from IP

• Use Pythia event generator
• Transport to Compton Detector
• Preliminary rate is negligible compared to other backgrounds
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Compton Electron Det. Rates

• 10 W
• 1 A of beam
• Green laser

• Compton and 
Bremstrahlung
assuming 10-9 Torr

• Corresponding 
radiation dose
for signal and 
background

( typical silicon SNR 
divided by 2 after 1 Mrad
No change for diamond 
after 2 Mrad from Qweak )

Halo 1 cm aperture

Halo 2 cm aperture

Bremstrahlung

Joshua Hoskins
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Compton asymmetry with window

• Higher statistics MC comparison

No window

500 mm window
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Compton asymmetry with window

• Extracted polarization with and without 
window

• Number consistent at 1% level

• Need to study systematics with high statistics 
to evaluate best accuracy possible
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Wakefield study

119 MHz

476 MHz

Around 2160 W at 3A at low and medium energy
And 540 W at 0.75 A for high energy

Doable and will be reduced after optimization

Impedance after 10 days of computation
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Compton counting rates 

JLEIC

Only considering Compton cross-section: no background 

Total average polarization in 27 ms

1320 or 330 bunches both options ok unless high background



Photon detector

• Same can be done with photon detector

• Pro:

– Redundant measurement with electron detector

– Can measure transverse polarization

• Con:

– More sensitive to synchrotron background
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Photon detection

• Pair spectrometer
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Converter

• Segmented 
calorimeter
• PbWO4, 

PbF2
• Shashlyk
(scinitillator
or quartz 
fibers )
• Particle 

flow (?)
• Trackers : GEM or MAPS



Sensors

• Radiation hard

• Faster than 10 ns ( diamond / maps / 
Cerenkov + MCP PMT , thin gap GEMs )

• Radiation hard where photon flux is high
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HERA TPOL
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HERA transverse polarimeter
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EIC R&D eRD12

• Study for eRHIC

• Found adequate location

• 2 minutes measurement

• More refined study to come ( background )
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Conclusion

• Pretty extensive study for JLEIC, electron detector 
seemed feasible, should work for eRHIC, need 
location after a magnet

• Event generator can be reused
• Detector need to be implemented in eRHIC
• Redo background studies : bremsstrahlung, 

synchrotron, halo, beam induced
• Wakefield
• Need to look more at photon side
• R&D for fast detectors for photon side
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