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Electron Polarimetry Techniques

Common techniques for measuring electron beam polarization

• Mott scattering: "⃗ + $ → ", spin-orbit coupling of electron spin with (large Z) target nucleus
҆Useful at MeV-scale (injector) energies

• Møller scattering: "⃗ + "⃗ → " + ", atomic electrons in Fe (or Fe-alloy) polarized using external 
magnetic field
҆Can be used at MeV to GeV-scale energies – rapid, precise measurements
҆Usually destructive (solid target) – non-destructive measurements possible with polarized gas target, 

but not commonly done

• Compton scattering: "⃗ + &⃗ → " + &, laser photons scatter from electron beam
҆Easiest at high energies
҆Non-destructive, but systematics are energy dependent

Other polarimetry techniques 

• Spin-light polarimetry – use analyzing power from emission of synchrotron radiation

• Compton transmission polarimetry
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magnetic field
҆Can be used at MeV to GeV-scale energies – rapid, precise measurements
҆Usually destructive (solid target) – non-destructive measurements possible with polarized gas target, 
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• Compton scattering: "⃗ + &⃗ → " + &, laser photons scatter from electron beam
҆Easiest at high energies
҆Non-destructive, but systematics are energy dependent
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Compton Polarimetry
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Polarimeter Energy Sys. Uncertainty

CERN LEP* 46 GeV 5%

HERA LPOL 27 GeV 1.6%

HERA TPOL* 27 GeV 2.9%

SLD at SLAC 45.6 GeV 0.5%

JLAB Hall A 1-6 GeV 1-3%

JLab Hall C 1.1 GeV 0.6%

June 4, 2018 11:23 WSPC/INSTRUCTION FILE electron˙polarimetry

34 Aulenbacher, Chudakov, Gaskell, Grames, Paschke

Laser	system

Electron	beam

Scattered	electrons

Dipole

Segmented	
electron
detector

Photon	detector
g

Fig. 21. Key components in a Compton polarimeter including the laser system, photon detector,
and electron detector. One or more steering magnets are required to deflect the electron beam
away from the photon detector as well as momentum-analyze the scattered electrons.

While Compton polarimetry has been used to measure the transverse polarization
of electron beams in storage rings, the technique relies on measuring the spatial
dependence of the asymmetry, hence high precision is di�cult to achieve.

The unpolarized cross section and longitudinal analyzing power are shown in
Fig. 20. These figures assume a 532 nm (green) laser colliding with electron beams
from 1 to 27 GeV. The unpolarized cross section shows only a modest dependence on
beam energy, while the longitudinal analyzing power changes rather dramatically.
At the kinematic endpoint, E� = Emax

� , the analyzing power grows from 3.5% at
1 GeV to 58.8% at 27 GeV.

4.2. Apparatus and Measurement Techniques

The key components required for a Compton polarimeter are a laser system and a
detector for either the backscattered photon or the scattered electron. The require-
ments on these components depend on the accelerator in which the polarimeter is
deployed. A cartoon of a “generic” Compton polarimeter is shown in Fig. 21.

4.2.1. Laser system

The choice of laser system depends crucially on the accelerator environment. Stor-
age rings generally operate at high average electron beam current (on the scale of
mA) so that rapid polarization measurements can be made using commercial lasers
operating at ⇠1-10 W. In addition, typical storage ring bunch structures (short
bunches at relatively low repetition rates) mean that low average power lasers op-
erated in pulsed mode result in high instantaneous luminosities, which in turn lead
to a built-in suppression of beam-related backgrounds (primarily Bremsstrahlung
radiation). In this case, the polarimeter must be operated in “multiphoton” mode,
which will be discussed later.

Compton polarimetry has been used extensively in both fixed-target and collider 
environments – standard technique in storage rings since it is non-destructive

àHighest precision has been achieved using electron detection, for longitudinally 
polarized electrons



Polarization Measurement via Compton Polarimetry
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Compton polarimetry can be used to measure both longitudinal and transverse electron beam polarization
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Polarization Measurement via Compton Polarimetry
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Longitudinal polarization measured via counting asymmetry 
vs. energy, or energy-integrated asymmetry 

Detector strip # à Scattered electron energy

Photon-energy 
weighted 
asymmetry
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Fig. 10. (a) Sum and (b) difference distributions for a polarized 
positron beam at 3.60GeV. The resulting value of .4ex p is 
(2.55___0.14)%. 

circular polarization is switched from left to rigth at 
a frequency of about 20Hz by switching the 
voltages on the Pockels cell. However, before 
serious data taking, the voltage settings of the 
Pockels cell must be empirically checked to deter- 
mine that (a) maximal left and right circular polari- 
zation are obtained, and (b) false asymmetry effects 
due to residual linear polarization are minimized. 

Preliminary voltage settings were determined 
with the aid of a Babinet-Soleil compensator. Using 
these settings as starting values, the detector is 
operated with the beam at an energy known to 
yield zero polarization. Defining V s = V+ + V and 
V ~ = V + - V _ ,  where V+ and V are the Pockels 
cell voltages which nominally yield right and left 
circular polarization, the final settings of the cell 
voltages are then obtained by varying V s and V~ 
while accumulating vertical profile data for the two 
polarization states. The difference between the two 
profiles is made zero by an appropriate choice of V~, 
and V s is later chosen to optimize the observed 
asymmetry on a genuine polarization signal. 

3.4. ASYMMETRY MEASUREMENTS 
AS shown in section 1, a non-zero positron beam 

polarization results in an up-down asymmetry in 

the backscattered gamma ray vertical distribution. 
During a data run, vertical distributions are accu- 
mulated separately for right and left circular polari- 
zation settings of the Pockeis cell. An individual 
run lasts typically 2-3 rain, preceded and followed 
by 10 s laser-off runs. With - 15 kHz backscattered 
rates, approximately 106 events are normally accu- 
mulated in each distribution. The actual width of 
the distribution is dependent on the beam energy. 
The difference between distributions for left and 
right circular polarization is shown in fig. 9b for an 
unpolarized positron beam at an energy of 
2.05 GeV, and in fig. 10b for a polarized beam at 
3.60 GeV. 

The experimental asymmetry Aexo is obtained 
online by the following procedure: 

a) The left (L) and right (R) distributions are 
added together and the most probable bin is 
determined. 

b) Individual up-down asymmetries are calcu- 
lated, defined as 

U -  D = AL,R ' 
U--+D L.R 

where U, D refer to sets of bins above and 
below the most probable bin, and are chosen 
to maximize the statistical precision of the 
measurement. The experimental asymmetry is 
then defined as Aex0= (AL--AR)/2. This com- 
bination eliminates false asymmetries due to 
inexact centering of the U, D regions or other 
systematic effects. 

A 3 min run typically yields a value of Aexp with a 
statistical error of _0.001. 

4. Results 
Fig. 11 shows an example of asymmetry mea- 

surements as a function of time during a single 
T I 1 , i 
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Fig. 11. Measured asymmetry versus time with 3.7 GeV posi- 
trons in SPEAR. 

Transverse polarization typically measured via 
spatial dependence (up-down) of asymmetry

JLab – Hall C

JLab – Hall A

SPEAR @ SLAC



Precision Compton Polarimetry – Electron Detection
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Response

Transverse Distance from Neutral Beamline [cm]

SLD Hall C (electron)

Properties

Beam energy 45.6 GeV 1.16 GeV

Endpoint Along 74.7% 4.06%

Laser system 532 nm, pulsed 532 nm, FP cavity

Detector Cherenkov Diamond strip

Scheme Multiphoton Di↵erential

Uncertainties dP/P (%)

Laser polarization 0.10 0.18

Detector response (linearity, gain) 0.20 0.1

Analyzing power determination 0.40 0.27

DAQ and electronics related 0.20 0.48

Total 0.50 0.59
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Highest precision has been achieved using electron detection

• SLD Compton à dP/P = 0.5%

• JLab Hall C Compton à dP/P = 0.59%

In both cases, Compton spectrum (kinematic endpoint + zero-

crossing) used to calibrate detector

SLD Compton operated in low duty-cycle, “multiphoton” 

mode, Hall C in CW, single photon mode

SLAC - SLD

JLab – Hall C



Precision Compton Polarimetry - Photon Detection
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Precision measurements with photon detection challenging due to need to 
understand detailed detector response 
à Low energy (discriminator or other) threshold can be particularly 

problematic

High precision at moderate energies has been achieved using “threshold-less”, 
energy-integrating  techniques  (JLab Hall A)
à Large synchrotron backgrounds at EIC may make this technique not feasible 

Hall A Compton Systematic Errors

Laser Polarization 0.80%

Signal Analyzing Power:

Nonlinearity 0.30%

Energy Uncertainty 0.10%

Collimator Position 0.05%

Analyzing Power Total Uncertainty 0.33%

Gain Shift:

Background Uncertainty 0.31%

Pedestal on Gain Shift 0.20%

Gain Shift Total Uncertainty 0.37%

Total Uncertainty 0.94%

At higher energies – spectrum threshold less important

HERA FP cavity-based LPOL achieved 0.9-1.1% precision with differential 
measurements in single-photon mode @ 27 GeV
à Unlikely similar precision can be achieved at lowest energies envisioned for 
EIC



Transverse Compton Polarimetry

November 30, 2018 EICUG Polarimetry Working Group 9

Most recently, transverse Compton at HERA was used to provide absolute 
polarization measurements with 2-3% precision

⌘ =
EU � ED

EU + ED
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Used a sampling calorimeter with 
top and bottom optically isolated: 
à Polarization measured via up-
down energy asymmetry

Key systematic uncertainty is understanding the h(y)
transformation function 
à Strip detectors provide can be used to help calibrate the 

detector response
à With careful polarimeter design, high precision 

transverse measurements should be achievable
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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

14

B. Sobloher et al, DESY-11-259 , arXiv:1201.2894

Transverse Compton polarimeters have been relatively common, but not typically used as absolute devices
à In principle, high precision should be achievable, but fewer examples to learn from
à Key difference from longitudinal case is need to measure spatial dependence of asymmetry



Implementation of Compton Polarimetry at EIC
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Energy (GeV) Current (A) Polarization (%) Frequency (MHz)

JLEIC
3 2.8 80 476

5 2.8 80 476

10 0.71 75 476

eRHIC
5 2.5 70 112.6

10 2.5 70 112.6

18 0.26 70 28.15

EIC will provide high intensity beams (>2 A) 
at high repetition rates – this provides 
benefits and challenges

à High intensity yields rapid measurements, 
but at the same time, large backgrounds –
synchrotron radiation 

à Nearly CW beams so polarimeters can be 
operated in single-photon mode –
probably yields better systematic 
uncertainties

à Measurement of polarization for each bunch will be challenging given small bunch spacing.  Fast detectors or other 
scheme required

à Variable electron beam energy a challenge – difficult to design for high precision for all energies

JLEIC: Compton polarimeter after IP, measure longitudinal polarization
eRHIC: Measure transverse polarization at dedicated IP

Plans for Compton 
polarimetry at JLEIC and 
eRHIC



JLEIC Compton Polarimeter – Chicane and Low Q2 tagger
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JLEIC Compton polarimeter will make use of 4-dipole chicane,
downstream of interaction region
à First dipole will be used for low Q2 tagger and for luminosity 

monitor
àNet precession is zero from interaction region à center of chicane 

and from center of chicane à exit
àAdditional small dipoles between 2nd and 3rd large dipoles to 

moderate synchrotron radiation

Design considerations:
à Small beam size at detector and laser interaction point
à Sufficient dispersion/drift to effectively separate 

Compton scattered electrons from main beam
àAllow for both electron and photon detection JLEIC Compton design has focused on 

measurement via electron detection since this 
has historically resulted in highest precision



JLEIC Compton Polarimeter Layout
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gc

Laser System

e- beam 
from IP

Low-Q2 tagger for 
low-energy electrons

Electron
tracking detector

Photon Calorimeter

gB

Luminosity 
Monitor

Overall chicane length ~ 26 meters
à Large dipole length à 3 m
à Small dipoles à 0.5 m

Laser-beam interaction region about 3.2 m 
long
à Space for either single-pass laser system or 

Fabry-Pérot cavity

Horizontal beam deflection ~ 30 cm from 
nominal path

Separation of scattered electron from 
nominal beam trajectory at kinematic 
endpoint (asymmetry zero-crossing):
10 GeV à 10.6 cm (5.3 cm)
5 GeV à 5.3 cm (2.6 cm)



Compton Electron Detector R&D Project
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TOTEM Roman Pot

EIC Detector R&D Project for development of electron detection scheme for Compton polarimetry (A. 
Camsonne, J. Hoskins, et. al.)
àDefault design based on diamond strip detectors similar to those used in Hall C at JLab, but placed in 

Roman Pot rather than beam vacuum
à Simulations targeted at understanding backgrounds and studying achievable precision  



Compton Signal and Backgrounds at JLEIC
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3 GeV 10 GeV

5 GeV

Simulation of backgrounds due to Bremsstrahlung

• 1 A electron beam
• 10-9 torr
• 10 W CW laser
• Bremsstrahlung is ok at all 

energies

A. Camsonne and J. Hoskins – eRD15



Synchrotron Radiation
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The electron detector is out of the direct fan of synchrotron radiation, but can get backgrounds due to 
synchrotron bouncing off beam pipe  à 10’s of kW of power deposited on electron detector

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
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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.
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Synchrotron can be mitigated by possibly using tips in beam pipe or special antechamber

Synchrotron 
estimates from 
Mike Sullivan

Synchrotron now incorporated in GEMC Monte Carlo – will certify with help of calculations from Mike Sullivan



Compton Polarimeter Laser
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Compton polarimeters at JLab make use of CW lasers coupled to external Fabry-Pérot cavities to provide kW level 
powers
à Required at JLab due to relatively low beam currents (10-100 µA) – reduce measurement times to a level practical 

for testing systematic uncertainties
à Has benefit of improving signal to noise

JLEIC background studies indicate that Fabry-Pérot cavity not needed to overcome backgrounds, but design 
incorporates possibility for cavity in case backgrounds larger than expected, or if higher luminosity desired

Energy Current 1 pass laser (10 W) FP cavity (1 kW)

(GeV) (A) Rate (MHz) Time (1%) Rate (MHz) Time (1%)

3 GeV 3 26.8 161 ms 310 14 ms

5 GeV 3 16.4 106 ms 188 9 ms

10 GeV 0.72 1.8 312 ms 21 27 ms

With single-pass, CW laser, measurement times very short. FP cavity measurements might require novel 
detector technology to handle high rates at 3 and 5 GeV



Halo contribution for apertures
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5 GeV

Fabry-Pérot cavity (if needed) requires narrow 
apertures to protect low-loss cavity mirrors 
à This can lead to background due to halo 
interacting with these apertures

Simulations indicate that signal to noise 
is 10:1 with 1 cm aperture
à Cavity can easily accommodate 
larger apertures
à At 4 cm, no contribution due to 
beam halo with present model

1 cm aperture

à Beam halo near electron detector also relevant 



Beyond Compton Polarimetry at EIC
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JLab – Hall C: Polarization measurements during Q-Weak

Precision polarimetry benefits 
greatly from multiple techniques

àRobust check of systematic 
uncertainties

àHelps diagnose potential issues 
with polarimeters more quickly

JLab – Mott, Møller, and Compton 
polarimetry play important role in 
accelerator setup and experiments

EIC would also benefit from multiple 
techniques/devices



Mott Polarimetry
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Mott polarimetry a crucial tool at accelerators with polarized electron sources
à Relatively easy to implement – uses single-spin asymmetry so no polarized targets
à Can be implemented near the electron source – direct measurement of source performance
à In the MeV-regime, Mott polarimeters can achieve high precision (1%) à dominant systematic comes from 

knowledge of Sherman function. Improved extrapolation techniques are reducing this uncertainty
à Provides useful cross-check of measurements at experiment
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Fig. 4. Target foil extrapolation asymmetries measured using the Continuous Electron Beam
Accelerator Facility (CEBAF) Mott polarimeter with a 4.7MeV polarized electron beam and gold
foils of varying thickness.

foils. The decrease in asymmetry with target thickness is due to the combination
of plural and multiple scattering,a i.e., the electrons arriving at the detector which
have undergone multiple/plural elastic scattering in the target foil will carry a
lower asymmetry than those which arrive after one scattering event. High energies
are favorable since for a given target thickness the relative contribution of multi-
ple/plural scattering is smaller. For example, the reduction of analyzing power from
a zero-thickness target to one 100nm thick is 20% for a 100 keV beam41 whereas
the corresponding reduction at 4.7MeV is only about 3% (see Fig. 4).

In order to minimize systematic uncertainties, very thin targets are utilized at
low energies which themselves introduce new problems, for instance due to inhomo-
geneous formation of the gold films. In the MeV case the slope is very small which
not only allows the use of relatively robust targets but also gives some tolerance
against errors in the target thickness.

The reduced analyzing power, or effective Sherman function, is determined by
measuring the diluted analyzing power for target foils of varying thickness and
extrapolating to zero-thickness so that one may normalize to the theoretically
determined single-atom Sherman function. Historically, the extrapolation has been

aMany small angle scatterings combined with one large angle scattering are called “multiple
scattering” and a process containing a few large angle scatterings is called “plural scattering”.
Note the prominent role of a 90◦ first scattering in case of perpendicular incidence on the target:
For particles scattered in this direction the target is of infinite thickness and a second scattering
into the backward direction is probable.
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fields of the particle accelerator between the electron source and polarimeter. Most
facilities requiring precision measurement of the beam polarization host multiple
polarimeters, at different locations and using different beam energies. As discussed
in previous sections, each method of polarimetry measures either the longitudi-
nal or a transverse component of the beam polarization. Typically, dedicated spin
rotators are implemented to compensate for the total precession experienced. These
spin rotators used near the source may add or subtract to the total precession to
effectively orient or vary the beam polarization at any polarimeter in any desired
orientation.

At Jefferson Lab a so-called Spin Dance has become a powerful tool to improve
knowledge of a polarimeter analyzing power. In a spin dance, a single spin rotator
near the electron source is used to vary the direction of the same polarized beam
at all of the participating polarimeters, often simultaneously. The polarization ori-
entation will in general be different at each polarimeter for a given spin rotator
setting, but after varying the spin rotator over a broad range each polarimeter
effectively maps out the same exact beam polarization (see e.g., Fig. 25). In spite

Fig. 25. Measured polarizations and fits (upper plot) relative to the Wien filter spin rotator.
Fit residuals (lower plot), with only statistical uncertainties from the fits shown. In general, the
uncertainties from the fits are smaller than the symbol sizes used in plotting the data.
Note: The lower plot legend applies to the upper plot. Figure108 from Ref. 112.
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à In context of EIC, Mott will play the same important role
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fields of the particle accelerator between the electron source and polarimeter. Most
facilities requiring precision measurement of the beam polarization host multiple
polarimeters, at different locations and using different beam energies. As discussed
in previous sections, each method of polarimetry measures either the longitudi-
nal or a transverse component of the beam polarization. Typically, dedicated spin
rotators are implemented to compensate for the total precession experienced. These
spin rotators used near the source may add or subtract to the total precession to
effectively orient or vary the beam polarization at any polarimeter in any desired
orientation.

At Jefferson Lab a so-called Spin Dance has become a powerful tool to improve
knowledge of a polarimeter analyzing power. In a spin dance, a single spin rotator
near the electron source is used to vary the direction of the same polarized beam
at all of the participating polarimeters, often simultaneously. The polarization ori-
entation will in general be different at each polarimeter for a given spin rotator
setting, but after varying the spin rotator over a broad range each polarimeter
effectively maps out the same exact beam polarization (see e.g., Fig. 25). In spite

Fig. 25. Measured polarizations and fits (upper plot) relative to the Wien filter spin rotator.
Fit residuals (lower plot), with only statistical uncertainties from the fits shown. In general, the
uncertainties from the fits are smaller than the symbol sizes used in plotting the data.
Note: The lower plot legend applies to the upper plot. Figure108 from Ref. 112.
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Møller Polarimetry
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Møller Polarimetry common at fixed target 
facilities
à Large analyzing power
à Analyzing power essentially independent 

of beam energy 
à Background-free (coincidence detection 

of scattered and recoiling electron)
à Drawback for EIC: measurement is 

“destructive” – foil target typically used. 
At first glance, not compatible with 
storage ring HOLDING FIELD MAGNET
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Figure 1: Lay-out of Møller Polarimeter with Internal Tar-
get.

EXPERIMENTAL SETUP
The internal target with the thickness of � 5 · 1011

electron/cm2 is formed by the jet of polarized deuterium
atoms from the Atomic Beam Source (ABS) of Deuteron
Facility [3]. Gas jet crosses the electron beam at a right an-
gle near the axis of VEPP-3 vacuum chamber (see Fig.1).
High degree of electron polarization (�t � 100%) of the jet
as well as a high-quality focusing of the latter is achieved
by the use of a set of sextupole magnets in ABS. With the
purpose to reduce the flow of atoms into the storage ring
and to get better background condition a rectangular slit di-
aphragm with a size of 4x15 mm was introduced between
ABS and the vacuum chamber of the storage ring. The ion
pump was used to pump the reflected atoms from the vicin-
ity of the diaphragm. In the vacuum chamber of the stor-
age ring three ion pumps were used. However a relatively
high background pressure was observed in the experiment
(see below). It could be explained by high density of the
gas near the rectangular diaphragm due to pumping speed
of ion pumps were smaller than nominal. The direction
of target polarization was flipping periodically (every 20
sec) parallel or anti-parallel to the electron beam polariza-
tion. It is done by the holding field magnet, which creates
a magnetic field with magnitude 300 G near the beam-jet
interaction region (see Fig.1).

The polarimeter detector system (see Fig.1) is placed at
116 cm distance from the target jet. It consists of two nearly
identical arms, installed symmetrically with respect to XZ-
plane, to detect both electrons in coincidence taking into
account their coordinate correlation in XY -plane. The co-
ordinate resolution of the detecting system is estimated to
be about 0.2 mm. The geometrical factor determined by a
solid angle of the detection system Ag � 0.089÷ 0.088 in
the energy range E = 1900 ÷ 1800 MeV. Design param-
eters of the polarimeter provide a counting rate of about 6
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Figure 2: The distributions over parameter R for typical 1
hour run. a) no selection; b) background suppressed.

Hz at the beam current of � 100 mA. It takes about 8 min-
utes for data acquisition to measure the asymmetry with a
20% statistical error in case of 80% beam polarization.

DATA ANALYSIS

In the experiment the average event rate was 50-70 Hz
that is about 10 times larger than the expected one. The
residual gas in vacuum chamber is found to be the main
source of background. In presence of the target the gas den-
sity increases in a wide region around the target because
of non-Gaussian tails of the gaseous jet and of a lack of
pumping capacity. The events of e�e� scattering are se-
lected using the polar and azimuthal angular correlations
pertinent to elastic scattering. Then the distribution of se-
lected events over the parameter R = �1 · �2�/2 (�1,2 are
the polar angles of two detected electrons) is analyzed. A
typical example is shown in Fig.2. The peak corresponds
to the beam-jet scattering and the wide wings are due to
background events. The background contribution of ’natu-
ral’ residual gas is estimated from the run with no jet. An-
other wide background could be explained by insufficient
pumping speed for atoms reflected by the diaphragm. This
background shape is tested in a special experiment with a
controllable leak of the deuterium gas used instead of a jet.
The effect/background ratio under the peak (±2�) is about
0.75. To observe the effect of beam polarization the events
are separated into two groups according to a sign of target
polarization. Two distributions over R for different target
polarizations are used to determine the polarization from
(2).

Proceedings of EPAC 2004, Lucerne, Switzerland

2731

Møller Polarimetry at EIC could be pursued with a jet target

Issues to consider:
à Systematic uncertainty on target polarization
à Backgrounds
à Ultimate precision

A. Grigoriev et al, Proceedings 
of EPAC 2004 
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Summary

• Compton Polarimetry is the clear technique of choice for electron polarimetry at EIC
҆Mott polarimetry required for characterization of the source – can also be used to provide cross-check 

with Compton
҆Additional techniques at full beam energy would be desirable to check systematics – Møller

polarimetry with jet targets?
҆In absence of alternate technique, multiple devices would be helpful

• High precision (1%) Compton polarimetry has been achieved – but EIC presents novel and 
challenging operating conditions

• Areas of future study
҆Further characterization of backgrounds – especially synchrotron radiation
҆Realistic model of beam halo
҆Fast detectors or other options for possible bunch-by-bunch measurements
҆Precision transverse Compton polarimetry
҆Simultaneous measurement of longitudinal and transverse polarization components
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Extra
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Halo
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JLEIC Compton simulations use 
description of beam halo from PEP-II 
design report

Halo flux is about 0.25% of total beam 
flux

Backgrounds due to halo can 
contribute in two locations

1. Interactions with cavity apertures
2. Direct strike of electron detector



Effect of Roman Pot Window
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No window
500 µm window

A. Camsonne and J. Hoskins –eRD15

• Hall C/Hall A electron detectors share 
same vacuum space as electrons

• At EIC, high currents require that 
detector lives in separate (shielded) 
space

• Extra material potentially has impact on 
extracted polarization due to multiple 
scattering
҆Effect observed in Hall C when 

using multiple detector planes
• Effect of window not large - some 

polarization correction at 3 and 5 GeV 
will be required at larger thickness

• Consistent with input polarization of 
97% within 1% uncertainty



Polarization Direction Optimization
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IP

Arc

S
! S

!

Electron polarization direction set using Universal 
Spin Rotator (USR)
à Nominal: Vertical in arcs, longitudinal at 
IP/Compton

USR can be used to manipulate spin arbitrarily
àUsing Compton polarimeter we can measure 

longitudinal polarization as a function of in-plane and 
out-of-of-plane spin angles

àMaximize measured asymmetry to verify settings for 
longitudinal polarization

à “Spin-dance” - routinely done at JLab (using Wien 
filter at injector) to verify spin setup



Fabry-Perot Cavity Design
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4.5 cm

200 cm

Electron-laser crossing angle = 2.58 degrees
Mirror radius of curvature = 120 cm
Laser size at cavity center  (σx,σy) = 151.4 um

Cavity gains of 1000-5000 
easily achievable

Mirror size ~ 1 cm diameter Halo contributions no problem with 
appropriate cavity design



Hall C Compton Electron Detector
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Diamond microstrips used to detect scattered electrons
à Radiation hard: exposed to 10 MRad without significant signal degradation
à Four 21mm x 21mm planes each with 96 horizontal 200 μm wide microstrips.
à Rough-tracking based/coincidence trigger suppresses backgrounds 

(D. Dutta Missipi State University)


