
Electron Polarimeter Status

• EIC requires 3 electron polarimeters
– Compton in ESR
– Polarimeter for RCS
– Polarimetry at source à part of injector/accelerator project

• Compton polarimeters for RCS and ESR have similarities but will operate in different modes
– ESR à single photon/counting mode
– RCS à multi-photon/integrating mode

• ESR concept more mature, but still work to be done



Electron Polarimeter Locations

1.2. OVERVIEW OF THE ERHIC ELECTRON ION COLLIDER 5

The design satisfies all requirements while the beam dynamics limits are not exceeded. In
particular, the design parameters remain within the limits for maximum beam-beam tune-
shift parameters (hadrons: xp  0.015; electrons: xe  0.1) and space charge parameter
( 0.06), as well as beam intensity limitations. The outline for the eRHIC electron ion
collider is shown in Figure 1.1.

Figure 1.1: Schematic diagram of the eRHIC layout.

Polarized electron bunches carrying a charge of 10 nC are generated in a state-of-the-art
polarized electron source. The beam is then accelerated to 400 MeV by a linear accelerator
(LINAC). Once per second, an electron bunch is accelerated in a rapid cycling synchrotron
(RCS), which is also located in the RHIC tunnel, to a beam energy of up to 18 GeV and
is then injected into the electron storage ring, where it is brought into collisions with the
hadron beam. The spin orientation of half of the bunches is anti-parallel to the magnetic
guide field. The other half of the bunches have a spin parallel to the guide field in the arcs.
The Sokolov-Ternov [15] effect will depolarize these electron bunches with a time constant
of 30 min (at the highest energy of 18 GeV). In order to maintain high spin polarization,
each of the bunches with their spins parallel to the main dipole field (of which there are
145 at 18 GeV) is replaced every six minutes. The polarization lifetime is larger at lower
beam energies and bunch replacements are less frequent.

The highest luminosity of L = 1 ⇥ 1034 cm�2 sec�1 is achieved with 10 GeV electrons col-
liding with 275 GeV protons (ECM = 105 GeV). The high luminosity is achieved due to
large beam-beam parameters, a flat shape (or large aspect ratio sx/sy) of the electron and
hadron bunches at the collision point, and the large circulating electron and proton cur-
rents distributed over as many as 1160 bunches. Table 1.1 lists the main design parameters
for the beam energies with the highest peak luminosity.

Mott Polarimeter

RCS Compton polarimeter

ESR Compton polarimeter



ESR Polarimeter Requirements
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Re-injection

• Measure polarization for each bunch
• Places requirements on measurement time due to lifetime

in ring
• Measure longitudinal and transverse polarization
• Non-destructive

Beam 
energy

PL PT

5 GeV 96.5% 26.1%
10 GeV 86.4% 50.4%
18 GeV 58.1% 81.4%



ESR Compton Placement

à Laser IP in field-free area – space to insert laser in beamline
à Photon detector 29 m from laser/beam IP
àQuad after dipole (Q5EF) horizontally defocusing – facilitates use of electron detector
àSynchrotron from D3EF4 may impact electron detector
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Compton Laser System
Average of 1 backscattered photon/bunch 
crossing will allow Compton measurements on 
the ~1 minute time scale à can be achieved 
with pulsed laser system that provides about 5 
W average power at 532 nm

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

5. The laser system should also include the ability to precisely control the laser polarization at the interaction
point and flip the laser helicity rapidly - this latter requirement can be accomplished with a fast pockels cell.

The above requirements are most easily accomplished using a gain-switched seed laser, amplified by a fiber
amplifier. Such systems are available at 1064 nm - if a green laser beam is desired, a frequency doubling crystal
(either PPLN or LBO) will be required as have been routinely put in operation at Je↵erson Lab (LERF).

The gain switched seed laser consists of a low power diode laser, biased with a DC voltage close to lasing
threshold (the design is based on [5] and can be seen in figure 10). The application of an additional RF voltage
results in pulsed output at the frequency of the applied RF. Pulse widths can vary with diode laser, but widths on
the order of a few to 10s of ps are typical. In our case, the output of the gain switched seed requires pre-amplification
before being sent to a high power fiber amplifier. Both the pre-amplifier and high power amplifier are commercially
available products with several viable vendors. The gain switched system proposed here is modelled on the laser
system that has been in use for several years at the JLab polarized electron source. The main di↵erences are related
to the wavelength (1064 nm for the seed) and the overall power desired. The latter requirement is achieved simply
by obtaining a higher power fiber amplifier for the final stage.

Figure 10: Schematic of the CEBAF injector fiber-based laser system. (Figure 1 of [5] DFB is a distributed
feedback Bragg reflector diode laser; ISO is a fiber isolator; SRD is step recovery diode; L is a lens; PPLN is a
periodically-poled lithium niobate frequency-doubling crystal; DM is a dichroic mirror.)

In addition to the laser system itself, it is crucial to be able to reliably determine the degree of circular polarization
of the laser in the beamline vacuum. While it is relatively straightforward to measure laser polarization, such
measurements in vacuum can be challenging. It is not su�cient to measure the laser polarization outside the
vacuum system and assume that it is the same in the beam pipe - birefringence in the vacuum window can change
the laser polarization, and even worse, the birefringence changes under mechanical stress, i.e., when flanges are
tightened and under vacuum stress.

Fortunately, the laser polarization inside the beamline can be constrained using an optical reversibility theorem.
This is illustrated in Fig. 11. Linearly polarized light (✏1) is transformed to a general elliptical state (✏2) via
polarization modifiying optics, which may include wave plates and other birefrignent elements (including the vacuum
window), and is represented by a matrix ME . Upon reflection, the light with polarization (✏3) passes through the
same birefringent elements in reverse order (represented by (ME)T ). The optical reversibility therorem states
that for initial linear polarization (✏1), the final resulting polarization (✏4) is linear and orthogonal to the initial
polarization, if and only if the polarization just before the mirror (✏2) is 100% circular [7]. This scheme was
successfully employed in experimental Hall C at Je↵erson Lab, where the DOCP of the laser was set to 100% with
an uncertainty better than 0.2%. In the Hall C setup (which would be replicated here), the DOCP was maximized
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JLab injector laser system

Proposed laser system based on similar system used in JLab injector and 
LERF 
1. Gain-switched diode seed laser – variable frequency, few to 10 ps pulses 

@ 1064 nm
à 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)
4. Insertable in-vacuum mirror for laser polarization setup

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



Electron Detector Size and Segmentation

Compton scattered electrons

• We can see that the spread at the electron detector is 
roughly 100 mm 

• The defocusing quad helps a lot
• We would need to get as close as 30mm to the beam which

would give us plenty of room
• The previous configuration had to get as close as 22mm

Ciprian Gal 12Previous configuration

eDet

Asymmetry at electron detector @18 GeV

Beam position

• Electron detector (horizontal) size determined 
by spectrum at 18 GeV (spectrum has largest 
horizontal spread)

• Need to capture zero-crossing to endpoint 
à detector should cover at least 60 mm

• Segmentation dictated by spectrum at 5 GeV 
(smallest spread)

• Scales ~ energy à 17 mm
• Need at least 30 bins,  so a strip pitch of 

about 550 µm would be sufficient

• At 18 GeV, zero-crossing about 3 cm from 
beam

• 5 GeV à 8-10 mm – this might be 
challenging



Transverse Polarization Measurement with EDET
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At Compton location – significant transverse beam 
polarization
à Unfortunately, this transverse polarization is in the 

horizontal direction
à Same coordinate as momentum-analyzing dipole

In the absence of the dipole, the transversely polarized 
electrons would result in a left-right asymmetry
à The ”scattered electron cone” is much smaller than the 

photons
à Left-right asymmetry is spread over much smaller 

distance (µm vs mm) 

The large dispersion induced by the dipole makes 
measurement of the left-right asymmetry impossible

Electron detector can only be used for 
measurements of PL

100% horizontal polarization (18 GeV)

Ciprian Gal 4

• The dipole itself however 
erases any remnant of this 
asymmetry

• To be sure I looked at the
analyzing power as a function
of horizontal position and 
indeed what we see is just 
noise

• This means that the only 
thing that the electron could 
measure is the longitudinal 
component through either a 
positional or calorimetric 
determination

• A similar result can be seen at 
5 GeV 

After dipole
After dipole

100% transversely polarized beam

Beam 
energy

PL PT

5 GeV 96.5% 26.1%
10 GeV 86.4% 50.4%
18 GeV 58.1% 81.4%

Ciprian Gal



Polarization Measurement with Photon Detector
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Photon detector needs 2 components to measure both 
longitudinal and transverse polarization
o Calorimeter à asymmetry vs. photon energy (PL)
o Position sensitive detector à left-right asymmetry (PT)

Transverse size of detectors determined by backscattered 
photon cone at low energy 
à +/- 2 cm adequate at 5 GeV
à Longitudinal measurement requires good energy 

resolution from ~0 (as low as possible) to 3 GeV
à Fast time response also needed (10 ns bunch spacing)
à PbWO4 a possible candidate, but slow component may 

be an issue

Position sensitive detector segmentation determined by 
highest energy à 18 GeV
à More investigation needed, but segmentation on the 
order of 100-400 µm should work

Beam 
energy

PL PT

5 GeV 96.5% 26.1%
10 GeV 86.4% 50.4%
18 GeV 58.1% 81.4%

Ciprian Gal



ESR Compton Detector Technology

Light Collection and Tower Segmentation 

C.Woody, EIC R&D Committee Meeting, 1/28/16 9 

� Short light guide is used to collect light from tower  
      Tower (24 mm x 24 mm = 576 mm2) o 4 SiPMs (4 x 9mm2 = 36mm2) � ~ 6%  
� Present design will use an acrylic trapezoidal pyramid shape 

Monte Carlo simulations are 
ongoing to improve the 

design and light collection 
efficiency  

� Light collection 
efficiency ~ 70% for 
complete coverage of 
readout end (e.g., PMT) 
 

� Efficiency with 4 SiPMs  
     ~ 30% 

Several choices feasible for position sensitive 
detectors
à Diamond strip detectors are baseline choice

• Radiation hard
• Fast time response
• Compatible with segmentation requirements
• ASIC under development for LHC diamond 

detectors compatible with EIC timing 
requirements

Photon calorimeter more challenging
à Timing requirements suggest lower 

resolution calorimeter must be used
à OK for transverse measurement, but 

reduces precision on longitudinal

Hall C diamond detector

Tungsten-powder 
calorimeter



RCS Compton Polarimeter
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RCS properties
• RCS accelerates electron bunches from 0.4 

to full beam energy (5-18 GeV)
• Bunch frequency à 2 Hz
• Bunch charge à up to 28 nA
• Ramping time = 100 ms

Polarimetry challenges
• Analyzing power often depends on 

beam energy 
• Low average current
• Bunch lifetime is short

Compton polarimeter can also be used for measurement of polarization in RCS
à Measurements will be averaged over several bunches – can tag accelerating bunches to get information on 

bunches at fixed energy
à Requires measurement in multiphoton mode (~1000 backscattered photons/crossing)

IP6 detector

dipoles Laser IP
Photon detector

Bijan Bhandari



RCS Compton Rate Estimates
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Example system from RPMC lasers: Pulse energy = 30 mJ @ 2 Hz (<P>=60 mW) à 8.0E16 
photons/pulse

Assuming 28 nC electron bunches at 2 Hz, backscattered photon rate is about 240 kHz –
measurement times on the order of a few s



Differential Asymmetry measurement

Differential measurement of asymmetry vs. 
position at detector allows us to incorporate 
offsets in the fit

Example using Toy MC for counting-mode 
asymmetry vs. y assuming 0.1 mm 
segmentation
(240 bunches)

à Requires detector operated in integrating 
mode (~10,000 photons/bunch) with signal 
proportional to number of photons in each 
channel



Electron polarimeter tasks
• ESR Compton

– Design photon exit window, synchrotron shield/absorber
– Additional background studies
– Detailed simulations of detector response (radiator for photons, etc.)
– Check electron detector compatibility with electron beamline – design interface
– Incorporate clearance for “photon cone” in beamline quads 
– Design laser/beamline interface
– Laser R&D
– Finalize detector choices

• RCS Compton
– Build simulation for RCS Compton – get more detailed estimates for rates
– All of the above, except:

• No laser R&D needed – can buy off-the-shelf
• No electron detector – will only use photon detector

– Additional challenges
• Detector choice must be compatible with wide range of analyzing powers (all at once)
• Detector readout will differ - need signal proportional to energy deposited in position sensitive 

detectors


