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CDR
• Updated CDR required for CD-1
• Final version will not be complete for a few months, but “new 

content” will be frozen by end of this month
• Following slides outline the description of what I hope to 

include in the electron polarimetry section
• This will include:

– Transverse Compton at IP12
– Polarimeter for RCS
– (mostly) Longitudinal Compton at IR (?)

• Likely just brief discussion outlining the desirability and 
the challenges

• General requirements
– Polarization per bunch
– Polarization profile measurement (longitudinal and 

transverse)
– Rapid measurements to aid beam setup
– High precision (1% or better desired)
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Compton Components
• Laser system

– One-shot, pulsed laser system, ~ 10 W average 
power

– Ability to vary pulse frequency desired, pulse width
shorter than beam pulse width

– Polarization monitoring important
• Photon detector

– Position sensitivity + calorimetry
– Combination of strip detector (diamond strips for 

baseline) + and calorimetry (scintillating fiber/tungsten 
powder calorimeter)

• Electron Detector
– Position sensitivity in vertical and horizontal directions 

(diamond strips again)



Measurement Time
Time required for measurement 
depends on method:

Differential measurement

Energy-weighted integral

Integrated 

Time estimate for 1% measurement using integrated asymmetry
à Estimate for a single bunch, assuming ~ 1 collision/crossing
à 532 nm laser

For nominal beam size/current, pulsed laser with average power of ~5 W 
sufficient to achieve the required luminosity
à Plan for a 10 W laser since some power will be lost in transport to IP



Compton laser system

Gain switched seed

Fiber amplifier

Long fiber to tunnel

Clean up polarizer

PBS/analyzer

HWPQWP

Beam pipe Window

Insertable mirror

Back-reflected light
Pockels
cell

Proposed laser system based on similar system used in 
JLab injector 
1. Gain-switched diode seed laser – variable frequency, 

few to 10 ps pulses à 1064 nm
Ø Variable frequency allows optimal use at

different bunch frequencies (100 MHz vs 25 
MHz)

2. Fiber amplifier à average power 10-20 W
3. Optional: Frequency doubling system (LBO or PPLN)

Development of prototype proposed as EIC Detector 
R&D project

Polarization in vacuum set
using “back-reflection”
technique
à Requires remotely
insertable mirror (in
vacuum)

JLab injector laser system



Laser Polarization 
Laser polarization inside vacuum difficult to 
measure directly – usually inferred from 
models of polarization transfer function
à Mechanical and vacuum stresses can

induce additional birefringence that are 
difficult to constrain

Optical reversibility theorem allows 
determination of DOCP at IP by monitoring 
back reflected light

Hall C determination of DOCP in vacuum



Photon Detector

Energy asymmetry η fit
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Figure 11: η(y) transformation function as determined from Silicon calorimeter combined
data. Points are measurements, the line represents the description for converted photons
used in the parametrised Monte Carlo. The bottom plot shows the deviations between the
points and the fit.

depositions in the upper and the lower half of the calorimeter and thus the η(y) function
as well as the total energy response EU + ED.

In the Silicon detector only photons which converted in the lead converter in front of
the Silicon detector can be measured. Photons which do not convert do not leave a
signal. The electromagnetic shower of converted photons however is slightly different
from the one of unconverted photons, resulting in small differences for both the η(y)
transformation as well as the total energy response for both classes. In the polarisation
measurement all data are accumulated, being a mixture of converted and non-converted
photons.

The η(y) function determined from data combining both Silicon detector and the
calorimeter for converted photons is shown in Fig. 11, the total energy response as
determined from the same data is shown in Fig. 12. A combined fit to both data sets
is used to determine all relevant parameters of the analytical model.

• The analytical physical model of the electromagnetic shower used to measure the η(y)
transformation for converted photons from the Silicon calorimeter combined data al-
lows for the extrapolation to the one of non-converted photons as described in more
detail below. The difference between the two curves is confirmed by detailed GEANT3
simulations [11], as is indicated in Fig. 13.

• The energy resolution of the calorimeter has been tuned between measurements from
Silicon calorimeter combined data and detailed GEANT3 simulations. Resolution cor-
relations between the two calorimeter halves need to be taken into account as the two
halves share the same shower. The resolution correlations do not influence the reso-
lution of the total response EU + ED but have an impact on the η resolution. The
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⌘ =
EU � ED

EU + ED
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Compton asymmetry for
transversely polarized electrons
results in up-down asymmetry

HERA TPOL:  Calorimeter with top 
and bottom optically isolated
à Shower sharing to get vertical
position

Silicon strip detector to 
determine h-y transformation

EIC: Measure y directly with strip 
detector
à Calorimeter will supplement strip 
detector, provide possible energy 
binning



Photon Detector
EIC transverse polarimeter will measure y position at photon detector directly 
using strip detector

Ideally, cover +/- 5 mm
à Horizontal segmentation

beneficial but not required

Simple strip detector with lead 
radiator at front – pitch dictated 
by small photon cone at 18 
GeV

At 25 m from interaction point, pitch of 100 um, 
sufficient to extract polarization with minimal 
distortion
à Only 100 channels for a single plane detector



Photon Detector Technology
Two detectors for photon detection:
1. Position sensitive strip detector
2. Calorimeter for energy information/triggering

Strip detector options
1. Silicon
2. Diamond
3. HVMaps

Radiation hard, fast

500 pCVD diamond w/TOTEM electronics

Photon calorimeter
• High resolution not required
• PbWO4 too slow (see J. Adam’s 

talk last meeting)
• Tungsten powder calorimeter?

Key requirement is time response: ~ 10 ns



Electron Detector
Compton cone smaller for 
electrons than photons
à +/- 250 um at electron detector 

at 18 GeV

Ciprian’s studies suggest 50 um 
pitch would be sufficient (but 
smaller strips better)

Horizontal segmentation also 
required

à Assuming +/- 500 um detector, 
25 um pitch à 40 strips 
vertically

à Horizontal pitch ~ 1 mm 
sufficient

18 GeV

Also suggest diamond as default 
for electron detector



Electron detector considerations
Electron detector likely cannot live in vacuum directly – needs to be housed in a 
structure similar to Roman Pot

à Preliminary wakefield calculations 
for JLEIC configuration suggest 
power deposited manageable, but 
more work needed

Figure 16: Beam pipe with tips to eliminate direct bounce to the detector

Figure 17: Antechamber design to mitigate synchrotron radiation bouncing

the geometry will be done to further reduce this power. Synchrotron energy deposit were evaluated to be
high also in the detector and a solution using an antechamber was designed solving this issue. Remaining
sources of background from physics from IR, halo will be studies in the next half of this fiscal year along
with the e↵ect of shielding on the polarization measurement. Additional study on sources of background
from outgassing and gas of proton trapped around the electron beam will start to be evaluated in next
fiscal year.

References
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Figure 16: Beam pipe with tips to eliminate direct bounce to the detector

Figure 17: Antechamber design to mitigate synchrotron radiation bouncing

the geometry will be done to further reduce this power. Synchrotron energy deposit were evaluated to be
high also in the detector and a solution using an antechamber was designed solving this issue. Remaining
sources of background from physics from IR, halo will be studies in the next half of this fiscal year along
with the e↵ect of shielding on the polarization measurement. Additional study on sources of background
from outgassing and gas of proton trapped around the electron beam will start to be evaluated in next
fiscal year.

References

[1] Vacuum Consideration for the Beamline and IR, Marcy Stutzman

14

Electron detector out of direct synchrotron fan, but single-bounce can deposit significant power 
on detector
à Synchrotron can be mitigated by possibly using tips in beam pipe or special antechamber

Mike Sullivan – estimates for JLEIC



Polarimetry for RCS

Polarimetry also required for RCS 
electron injector

Challenges:
à Beam energy rapidly increases 

from 400 MeV to 5/10/18 GeV
à Low average current: 10 nC

bunches at 1 Hz

Compton polarimetry:
à Analyzing power changes rapidly with energy
à Difficult to measure polarization during acceleration, but possible (average over 

many bunches) 
à Could measure a single bunch in the ring in “flat-top” mode. 
à Could deploy in extraction line, but this could lengthen measurement time

Moller polarimetry:
à Relatively constant analyzing power, but requires spectrometer
à Only practical at a fixed energy (for a given measurement)
à Destructive
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IR6 layout

Advantage: Close to the IP,  just after the spin rotator 
Disadvantage: Very crowded, need to consider the geometry of other 
components like hadron carb cavity;  
Need very strict restrictions on the geometry of the quadrupoles; 
Need very comprehensive study on the background; 

 

Compton Polarimeter at IR 6

Investigating option of having additional polarimeter closer to IR
à Electron beam would be significantly longitudinal – less spin transport to extract 

polarization at IP 
à Region very crowded – needs very careful consideration of detailed geometry


