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Expression of Interest
Expression of Interest summarized here: 
https://www.bnl.gov/eic/EOI.php

“The EOI will give the EIC Project guidance on current interest 
for participating in the EIC experimental program, including an 
initial understanding of the full scope of the experimental 
equipment that might be available for the expedient start of 
science operations at the time of EIC project completion.”

EOI should contain responses to information requested in EOI 
Questionnaire:
https://www.bnl.gov/eic/docs/EoI-Name_of_Institute_or_Country_or_Consortium.public.docx

1. Equipment contributions
2. Labor contributions
3. Assumed contributions from EIC Project
4. Timing constraints

https://www.bnl.gov/eic/EOI.php
https://www.bnl.gov/eic/docs/EoI-Name_of_Institute_or_Country_or_Consortium.public.docx


Electron Polarimetry EOI
• Primary goal of Electron Polarimetry is to provide the 

opportunity for coordination between groups
– Identify areas/tasks that are not yet addressed
– Identify areas/tasks with interest from multiple groups 

to allow collaboration and coordination
– Explore complementarity: Multiple devices will allow 

the opportunity for the pursuit of multiple 
technological solutions 

• This EOI should be viewed as supplemental to an 
institutional/group EOI



Electron Polarimetry at EIC

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.

Compton polarimeter (transverse)

Møller Polarimeter 
(near RCS extraction) 
or
Compton Polarimeter 
(in RCS)

Compton polarimeter (longitudinal/transverse)?



Compton Polarimeter at IR12
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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 (~ 100 µm pitch) + and 

calorimetry
• Electron Detector

– Position sensitivity in vertical and horizontal directions 
(vertical: ~ 25-50 µm, horizontal: ~ 1 mm )



Areas of Possible Contribution 
• Equipment

– Laser system
– Position sensitive detectors
– Calorimeter

• Software and Data Acquisition
– Simulations (backgrounds, detector response, RF 

impedance)
– Fast data acquisition – event rates ~ 100 MHz
– Analysis software



EOI Timeline
• September 15: Initial meeting

• September 15-October 20: Input and drafting

• October 20: Follow-up meeting, draft comments

• November 1: EOI submission deadline

• Please send your input to Dave Gaskell 
(gaskelld@jlab.org) and Elke Aschenauer
(elke@bnl.gov)

– If you are planning on incorporating electron
polarimetry in an institutional EOI, the draft text of that
section would be sufficient

– We will use this input to draft the ”global” and circulate

mailto:gaskelld@jlab.org
mailto:elke@bnl.gov


Backup and Extra



Measurement Time

Table 2 shows the average asymmetries over both the electron and photon detector faces and associated times
needed to reach a 1% precision level. To calculate the time needed for a single bunch measurement in the table
we conservatively used hAi2, which can be improved depending on the spatial resolution of the detector. For these
calculation a 532 nm wavelength laser with a polarization of 100% and a beam polarization of 85% was used.
Additionally assuming one interaction per crossing for each bunch one can calculated the needed luminosity from
the laser bunch interaction.

beam energy [GeV] �unpol [barn] hA�i t� [s] hAei te[s] L[1/(barn·s)]
5 0.569 0.031 184 0.029 210 1.37E+05
12 0.482 0.057 54 0.056 56 1.62E+05
18 0.432 0.072 34 0.075 31 1.81E+05

Table 2: Asymmetries, measurement times needed for a 1% statistical measurement for one bunch and needed
luminosities for three di↵erent beam energies for a 532 nm laser.

The information on the last column of table 2 can give some constraints on the power needed in the laser system.
Following the derivation in [8] we can determine the luminosity of two beams with a crossing angle ↵:
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Using the electron beam parameters from table 1 as well a 10W 532 nm laser system pulsed at the 18 GeV bunch
frequency with a transverse width of 100 µm for both the vertical and horizontal direction gives a luminosity of about
6 · 105 1/(barn·s). This is a factor of 4 larger than the needed luminosity extacted from table 2. Calculations with
the beam parameters for 10 and 5 GeV result in a luminosity of 5 · 105 1/(barn·s), still su�cient for a di↵erential
measurement. Figure 8 shows the luminosity for this configuration as a function of crossing angle between the
electron and laser beams.

Figure 8: Luminosity as a function of crossing angle for a 10W 25MHz laser.

As can be see from figure 15 the extent of the scattered particles at the detector plane is quite limited. For
the photon detector the extent is approximately 12, 6, 4 mm in both x and y (for 5, 10, and 18 GeV respectively),
while for the electron detector the scattered particles span approximately 6, 12, 16 cm in x (for 5, 10, and 18 GeV
respectively) and slightly more than 400 µm in y. A preliminary analysis was performed where the asymmetry was
extracted from simulated data set. Di↵erent detector pitch showed that systematic e↵ects appear with detector
segmentation larger than 200 µm for the photon detector. For the electron detector the extraction of the asymmetry
deviated from the injected asymmetry once detector segmentation was larger than 50 µm. Furthermore, the
detectors need to be able to be able to detect one scattered particle for each bunch with a top rate of 99MHz (see
table 1 for details).

Selection of an adequate detector technology for either the photon or electron detectors is predicated on a full
analysis of the background environment at the polarimeters. However, due to the stringent spacial constraints, the
fast response time needed, and potential high radiation environment a technology like the diamond strip detector
previously tested by Alexandre Camsonne (reported in the first YR meeting [4]) could meet these requirements.
This test showed that an electronics chain can be made that will result in a full pulse width smaller tha 10ns (the

6

the IP. The particles were passed through a realistic first pass implementation of the magnetic configuration at the
IP12 (which can be see in the horizontal separation of the scattered electrons). For the electrons note the large
diference between the vertical and horizontal scales.

Figure 6: Compton unpolarized cross-sections (on the z axis) as a function of transverse position for 3 di↵erent
beam energies.

Figure 7(15) shows the analyzing powers (on the z axis) 25 meters away from the IP. As noted from the vertical
1D plots (see figure 4) the larger analyzing powers sit spatially closer together while being significantly larger at
higher energies.

Figure 7: Compton analyzing powers (on the z axis) as a function of transverse position for 3 di↵erent beam
energies.

Using the average analyzing power over the detector face one can calculate the time needed to reach a certain
level of precision. As detailed in [3] this time is inversely proportional to the square of the raw asymmetry (which
changes with measurement method):

tmeth =
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The A2
meth for the integrated, energy weighted integrated, and di↵erential methods can be written as a function

analyzing power and ordered as follows:

hAi2 <
hE ·Ai2

hE2i < hA2i (5)
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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

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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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



Photon Detector
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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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Eγ = EUp +EDown

η =
EUp − EDown
EUp + EDown

Transverse Polarimeter  - Apparatus

• Laser
- Argon-Ion laser: green 514.5 nm 

(2.41 eV), 10 W cw
- Circular polarization by Pockels cell, 

switched at ≈80 Hz
- Light polarization monitored behind 

interaction point using Glan-prism

→ Measured circular polarization S3>0.99

• Compact electromagnetic calorimeter

- Scintillator-tungsten sampling calorimeter, 
~19X0 deep

- Read-out with wavelength-shifters from all 4 
sides: Up, Down, Left, Right

- Upper and lower half optically isolated

→ Impact position measurement by energy 
asymmetry

→ Photon energy measurement by energy sum

TPOL: [B+93,B+94]

η

y0γ

y
EU

ED

y (mm)

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 Envelopes at detector plane

Ciprian Gal 22

• 18 GeV will provide the most stringent 
requirements for the photon detector 
due to the small vertical separation 
between the two peaks of the 
asymmetry

• The electrons have a extreme almond 
shape with a ratio between the 
horizontal and vertical extent of about 
320

• The momentum analyzed electrons show the 
peak analyzing power at about 30% of the 
minimum energy as expected

• A preliminary analysis of the vertex 
smearing show that the transverse extent 
of the electron beam will have an 
important effect by almost doubling the 
vertical axis

Photon: 5GeV Photon: 18GeV

y
[c

m
]

x [cm]

y
[c

m
]

x [cm]

With B-fields

Electron: 18GeV

Electron: 18GeV

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

26

Electronics for very fast detectors

This board was also used to test the performance of a diamond sensor using a Sr90 β- source.

8.55 
ns

500 μm 
pcCVD

diamond

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 DetectorDetector plane: nominal configuration

Ciprian Gal 8

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



Polarimetry for RCS

104 CHAPTER 3. ERHIC DESIGN

beams. The section will also contain the set up for electron cooling. At this location
a small 2 K liquid He plant is needed for the superconducting ERL.

• IR10:
IR10 hosts the hadron beam abort and the electron RF systems for storage ring and
rapid cycling synchrotron.

10	o’clock	
p:	
•  CeC	
•  Beam	Abort	

and	Dump	
•  SRF	
e:	
•  SR	SRF		
•  RCS	RF	

4	o’clock	
p:	
•  Injection	
•  Warm	RF	
	

2	o’clock	
p:	
•  Instrumentation	
e:	
•  Source	and	400	

MeV	Pre-Injector	
•  Beam	dump		

6	and	8	o’clock	
Detectors	
In	each	area:	
p:	
•  SC	Magnets	
•  SRF	Crab-Cavities	
•  SC	Spin	Rotators	
e:	
•  SRF	Crab-cavities	
•  SC	Spin	Rotators	

12	o’clock	
p:	
•  Polarimeters	
e:	
•  Injection/

Extraction	
•  Polarimeter	

p:	6	Snakes	in	dispersion		
matching	sections	

p	ring	
p	41	Gev	beamline	
p	injection	line	
e	storage	ring	
e	RCS	injector	

Figure 3.1: Schematic layout of locations of eRHIC Accelerator Hardware Systems. The
yellow lines represent the “Yellow” ring for hadrons. The brown line indicates the hadron
injection line using the “Blue” arc, and the Blue arc in sector 2-12 which is used for 41 GeV
operation of hadrons, which requires a shorter circumference. The red line represents the
electron storage ring and the blue line the rapid cycling injector synchrotron. The dashed
line is the unused part of the “Blue” ring which will stay in place. Note that the lattice and
simulations described in this document are for the case of a single detector at the 6 o’clock
area. Calculations with a second detector at the 8 o’clock area are in progress. Initial studies
for the two-detector configuration are described in Sections ?? and ??.

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


