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Polarimetry for RCS
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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

Options
• Compton polarimeter in/after RCS

• Analyzing power depends on energy – difficult to 
implement in RCS – could place after RCS in 
transfer line

• Initial time estimates assumed same laser as ESR 
à measurement times much too long

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.

• Møller just after RCS RCS
• Analyzing power nearly constant
• Requires spectrometer 
• Destructive – difficult to fit in transfer line
• Measurement times not short



Hall A Møller in Transfer Line
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First look at integrating Møller polarimeter starting with Hall A/JLab design
RCS extraction region very crowded
àExtraction beam line shares tunnel with several beam lines
àRCS starts at lower height, beam is kicked up to same elevation as ESR in the extraction line
àWould like to avoid placing the polarimeter between height-adjusting dipoles (spin precession)
Looking at placing the polarimeter before first dipole, or after last dipole
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Picture courtesy Bijan BhandariPolarimeter before vertical bend

Measurement time ~ 18 minutes for dP/P=10%



RCS Compton Rate Estimates
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Original rate estimates for RCS Compton (done for Yellow Report/CDR) assumed same laser as used for ESR:

<P> = 5 W, flaser = 25, 100 MHz à 5.4E11, 1.3E11 photons/pulse

Assuming 28 nC electron bunches at 2 Hz, this gives about 2.9 Hz of backscattered photons (by design)
Measurement time on the order of days for (dP/P)stat = 1%

Ng = <P>/(flaser Elaser)

Should have assumed low duty cycle, higher peak power laser (similar to HERMES LPOL)
à Example system from RPMC lasers: Pulse energy = 30 mJ @ 2 Hz (<P>=60 mW) à 8.0E16 photons/pulse

For 15 ns pulses, backscattered photon rate is 240 kHz, “ideal” measurement times on the order of a few 
seconds 

1-2 Hz



Transverse Analyzing Power and Measurement
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I contrast to longitudinal measurement, measurement of 
transverse polarization requires sensitivity to spatial 
dependence of asymmetry184 D . B .  G U S T A V S O N  et al. 
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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 
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Fig. 11. Measured asymmetry versus time with 3.7 GeV posi- 
trons in SPEAR. 

SPEAR @ SLAC



Simple rate, measurement time estimates
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Ebeam Aavg Tavg Aenergy Tenergy Adiff Tdiff
5 4.51% 243 s 5.78% 148 s 5.48% 164 s

10 7.79% 92 s 10.15% 54 s 9.56% 61 s

18 11.29% 51 s 14.91% 29 s 13.96% 33 s

Average analyzing power: à Average value of asymmetry over acceptance

Energy-weighted: 
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Differential: 

à Energy deposited in detector for each helicity state
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A2
method = hA2i à Measurement of asymmetry bin-by-bin vs. energy, etc.

Assuming 80% polarization, <Plaser>= 6mW, 300 µm beam spot size…, à time for 1% measurement
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Toy Monte Carlo

• Used toy Monte Carlo to look at asymmetries, energy/per bunch etc.
• Generated events for 240 bunches (i.e., 2 minutes of running)
－For each bunch/crossing, generated number of backscattered photons based on simple 

luminosity estimates
－Assumed luminosity 10x smaller than previous slide à 6 mW average laser power
－12,000-15,800 backscattered photons/bunch crossing

• Assumed detector 25 m away from laser-beam collision point
－No realistic simulation of detector – just a point in space to look at distributions

• Event generator ignores hourglass effect, assumes all events generated at (0,0) à
does incorporated finite beam sizes, but only at that point

7



Detector Distributions
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LEP polarimeter measured difference in vertical position 
for h+ and h- induce by transverse analyzing power

At 5 GeV, average position difference for h+ and h- is

Yh+ - Yh- = 0.49 mm

At 18 GeV, difference is similar magnitude:

Yh+ - Yh- = 0.38 mm

While measurable, this quantity extremely sensitive to 
knowledge of absolute detector position and laser-
beam collision point 

5 GeV



Differential Asymmetry measurement
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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



Differential Asymmetry measurement
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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 operating in integrating mode
(~10,000 photons/bunch) with signal proportional
to number of photons in each channel



Summary

• Compton polarimeter looks like a viable solution for RCS polarimetry
－Significantly shorter measurement times
－Requires less space along beamline

• Issues
－Can only operate in integrating mode – requires additional characterization of detector

response compared to counting mode
－Integrating mode requires more attention to detector noise, pedestal
－No bunch-by-bunch measurement – will need to average over several bunches
－Large total energy/bunch when integrated over all backscattered photons à @ 18 GeV, avg. 

<Eg>=3.41 GeV * 12,000 photons = 42,000 GeV! Is this an issue?
• To-do:
－Identify possible locations in ESR transfer line – main challenge will likely be finding space

for long drift to photon detector
－Investigate detectors for integrating mode operation (diamond? silicon?)
－More detailed simulations incorporating detector response, noise

11



Analyzing Power and Measurement Times
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Measurement time depends on luminosity, analyzing power, and measurement technique
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Average analyzing power: à Average value of asymmetry over acceptance
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A2
method = hA2i à Measurement of asymmetry bin-by-bin vs. energy, etc.

<latexit sha1_base64="XUxEYJtqi0PN6wXyEaxbOtxPR1w="></latexit>

hAi2 <

✓
hEAi
hEi

◆2

< hA2i


