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The Collaboration
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We have assembled an international collaboration with 
extensive polarimetry expertise to perform R&D towards 

a new type of electron polarimeter
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Outline
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• Introduction and update

• Overview of “spin-light”

• The conceptual design of polarimeter

• Prototype development

• Summary
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Introduction

4projected uncertainty for sin2θW measurement
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Introduction
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     target  < 10% polarized 

    no independent 
    measurements possible 

  high precision absolute pol.    high precision relative pol.   high precision absolute pol.

best inst. uncertainty = 0.4% 
best abs. uncertainty = 0.5%

  expected inst. uncert. = 0.6%     
expected abs. uncert. = ~2.5%

best inst. uncertainty = 0.5% 
best abs. uncertainty = 0.9%

Compton Spin Light Møller

non-invasive, continuous non-invasive, continuous invasive

analyzing power, energy 
dependent

analyzing power, energy 
dependent

analyzing power, energy 
independent

 high currents  moderately high currents  low currents

target is 100% polarized 
(needs stable laser)

no target

e and  gamma detectors
independent measurements

beam left/right detectors
independent measurements
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Update
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An article on the conceptual 
design is to appear in the 
IEEE trans. in Nucl. Science,
in their next issue.
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Update
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                   SR power will be distributed over an area of 100 mm x 1 mm. 

     Materials such as GlidCop (Al and Al203 dispersion strengthened copper)  and     
     configurations such as crotch absorbers have been demonstrated to withstand 
     power densities of 100 W/mm2

     We estimate that it is best suited for the 4 - 20 GeV energy range for currents less    
     than 10 mA

For the eRHIC Gatling electron gun design each cathode will have an electronic 
tagging signal which can be used to accumulate counts from a particular cathode. 
Thus, it will be possible to measure the relative beam polarization of individual 
cathodes and monitor the inter-cathode variation in polarization.

Saturday, January 11, 14



Overview  of ”Spin light”
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The angular and spectral distribution of Synchrotron 
radiation -”electronic light” is accurately described in E&M

For γ >> 1   θ ~ 1/γ

SR emitted in a very small cone
For Ee = 11 GeV, vert. size = 90 µrad
i.e. 10m from the source ~ 1 mm height

Exact QED calculations by A.A. Sokolov and I. M.Ternov (1960s)
    QED corrections ➞ spin dependence of the radiated power

Bcrit ~ 4x109 T
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To the first order in ξ the difference in SR intensity between polarized 
and unpolarized electrons is δ = ξj ~ 10-4 for 100 µA, 5.0 GeV electrons

Verified experimentally at the VEPP-4 storage ring in Novosibirsk      

                                                      Belomesthnykh et al., NIM 227, 173 (1984)

An RF field used to 
depolarize the electron

Overview  of ”Spin light”
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Longitudinal Spin Light
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“Spin Light” - Some Characteristics

Number of photons/s 
~ 105 different

small asymmetry

But high rates imply 
1% stats in ~ 10 sec
Assuming Ion chambers 
 efficiency ~ 10%

Sync and Spin light
peak at different

energies
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     “Spin Light” - Energy dependence

Spin light polarimeter would be a relative polarimeter, it will be an 
integrating device and an averaging device. 
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Conceptual Design

B = 4T  is a reasonable choice for field strength
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“Spin Light” - Detector
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A “Spin Light” Polarimeter

15

Putting all the elements together
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SR from the Wiggler
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Collimating the SR 
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Detecting the Collimated SR 
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A schematic for detection of SR 
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The Signal 
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DIC operated in current mode 
        Currents  ~ 10 nA
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A Geant4 Simulation
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by MSU student; Prajwal Mohanmurthy
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A Geant4 Simulation
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Simulation reproduces photon spectrum and asymmetry

Only a single DIC is being simulated along with collimators 
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A Geant4 Simulation
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Preliminary Background Simulation

background
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Systematic Uncertainties
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Background and background 
asymmetry has to be measured 
with the wiggler on/off

Simulation was used to 
estimate background

We have assumed that the electron beam is 
“parity quality" beam. i.e. helicity correlated 
beam motion is controlled at the nm level and 
the helicity correlated changes in beam energy 
are controlled to better than 1 ppb.

We estimate that a spin-light polarimeter would only be capable of     
~ 2.5% absolute polarization measurement.
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The Detector R&D Proposal
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Stage1:  Develop a split plane differential ionization chamber

Stage2:  Develop a CCD based alignment system
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The Detector R&D Proposal

25

Stage 3: test the diff. IC and measure position resolution at a 
                   light source (APS/ Spring 8)  
Stage 4: test the detector with longitudinally polarized  
                    electrons at a multi-GeV electron accelerator
               (JLab/ Novosibirsk) and SLAC test beam (unpol. tests)
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Students and Postdocs
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The collaboration has extensive polarimetry and detector 
development experience at DESY, JLab, Mainz and RHIC  

Grad Students: Yipeng Jiang (MSU) and Valerie Gray (W&M) 
and MSI student(s) (Stony Brook U.)
Under Grad Students: Prajwal Mohanmurthy (MSU)  (worked on 
Geant4 simulation)
Postdoc: Mitra Shabestari (MSU, 50% FTE) 

Funding Request
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Summary
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• Spin light based polarimetry is a viable option
   for precision non-invasive polarimetry.

• It is based on a well demonstrated concept (for 
   transversely polarized electrons), the necessary  
   technology is readily available and widely used
   at light sources across the world.

• We propose to develop a split plane ionization 
   chamber and demonstrate proof of principle for
   longitudinally polarized electrons.
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Project Timeline
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Equipment Budget 
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Photon Absorption
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