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The Problem: the CEBAF Spin Dance 

J.M.Grames et al., Phys. Rev. Spec. 
Top. Acc. Beams 7, 042802 (2004) 

   SYSTEMATICS 
 

• Mott: 1% 
• Möller A: 4% 
• Möller B: 1% 
• Möller C: 1% 
• Compton: 3% 

 
 



Mott Scattering 



The 5 MeV Sherman Function 

N. Sherman, Phys. Rev. 103, 
1601 (1956!) 



The CEBAF 5 MeV Mott Polarimeter 



Experimental Problems With Mott 
Scattering 

• Scattering is from multiple target atoms in 
only quasi-elastic scattering conditions 

• Instrumental asymmetries 

• Backgrounds 

• Poor energy resolution (see above) 

• Accuracy ultimately determined by that of 
theory 



The Ascent to ATRUE 



Extrapolation Procedures 

A = a/(b +ct); A = ae-bt + c; A = at2 +bt + c… 



(Geometric) Instrumental Asymmetries 

Optical Spin Reversal: 
 

𝑃𝑒𝑆𝑒𝑓𝑓 =
𝑋−1

𝑋+1
 where 

 
𝑋 ≡ (𝑅𝐿𝑅𝑅

′/(𝑅𝑅𝑅𝐿
′)0

.5 



Energy Resolution and Background Subtraction 

Photon vetoing, TOF discrimination, GEANT 
simulation, pulse height analysis, Be backstops…. 



Mott Scattering History 

• Neville Mott, 1927;  “Is spin a 
property of the free electron?” 

• Proposes double scattering 

• H. Bethe; beta rays 

• Is the Dirac Equation right? 

• First observation of free 
electron polarization by Schull, 
Chase, and Meyers (1943) 



5 MeV State-of-the-Art Theory is carried out 
for the CEBAF Mott Polarimeter! 

In 1956, with the goal of improving thermonuclear 
weaponry, Noah Sherman uses the UNIVAC, a high-
speed electronic digital computer with tens of kilobytes 
of memory, to calculate the Mott scattering analyzing 
power.  These calculations, which quote an accuracy of 
1%, assume  

 

• A point-like nucleus 

• No K-shell (or any other) electrons in the target 

• No QED effects, e.g., bremstrahlung 

• Spherical extensions by Ugincius (1964), Motz (1970) 



Double Scattering Calibrations (120 keV) 

A. Gellrich u J.Keβler, Phys.  
Rev. A  43, 204 (1991) 



….somebody’s lying……. 

NB - these calculations are all much more 
sophisticated than those of  Sherman. 

1968 1991 1964 1962 1991 

Theory accuracy 
for all results 
quoted is ~0.002 



Exchange excitation of atomic fluorescence 

Dayhoff (<1956) 



First Proposal of Optical Electron Polarimetry 

• Attributed to Dayhoff at a conference in 1956 by Keβler in RMP in 
1968  

First Real Proposal of Optical Electron Polarimetry* 

e- + Hg(6s2 1S0) → Hg*(6s6p 3S1)   

      → Hg*(6s5p 3P0,1,2) + γ(257nm) 

 

 

 

 

*modified the next year to Zn or Cd  
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First Optical Observation of Free 
Electron Spin 

Should use the heaviest 
possible atom (in order to 
resolve the fine structure ) 
that still has LS-coupling → 
Zn.  

• J=1→ J=0; P3 = Pe 

• J=1→ J=1; P3 = (1/2)Pe 

• J=1→ J=2; P3 = -(1/2)Pe 

 

M. Eminyan and 
G. Lampel, Phys. 
Rev. Lett. 45, 1171 
(1980) 

~7% 



A new approach (1982) 

e- + He(1s2 1S0) → He*(1s3p 3P) → He*(1s2s 3S)+  γ(389nm) 

1s2s 3S 

1s2 1S0 

1s3p 3P 

exchange 
collision 
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~ 100 ns 

~ 1 ns 





The general electron optical polarimeter equation 

𝑃𝑒 =
𝑃3

[𝑎 + 𝑏𝑃1]
 

P3 → Electron 
polarization in the 
direction of the 
emission direction 

P1 → Analyzing Power P2 → Validity of the 
kinematic assumptions 

NB – a,b, exactly 
computable 



A More Recent Proposal; Heavy Noble Gases 

np6 1S0 

3P2 exchange 
collision 

np5 (n+1)p 3D3 

np5 (n+1)s 3P1 

3P0 

1P1 

T.J.Gay et alii, Phys. Rev.  A 53, 1623 (1996) 





Advantages of the Optical Method 

• Larger analyzing power (>2/3 
for the neavy noble gases vs. 
0.4-0.5 for Mott scattering) 

• Omnidirectional 
• Compact 
• Absolute  



M. Pirbhai et alii, RSI 84, 053113 (2013) 



Data 

Argon Polarimetry 
 

• Analyzing power = 0.73 
• Efficiency = 500 Hz/nA 
• Figure of merit  = 270 Hz/nA 
• 1 μA → Pe = 0.200(2) in 0.5 s 



Skeletons 

• Low efficiency compared with Mott 
scattering 

• Rogue gas loads 
• Cascades 
• Energy dependence of efficiency ⊕  energy 

dependence of polarization within the beam 
width 

• Hanle depolarization 
• Pressure dependence of the Stokes 

parameters 
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Kirschner, Öppen, u 
Ibach, Appl.Phys. A 
30, 177 (1983) 



Hanle Depolarization 



Cascading and Pressure-Dependent Effects 



1) Load-lock 
2) GaAs polarimeter position 
3) Polarimeter chamber 
4) 1270 double-focusing 

spectrometer 
5) Effusive gas target 
6) Collection optics for optical 

polarimeter 
7) Injector 
8) GaAs injector position 
9) Accelerator 
10) Wien filter 
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Optical Electron 
Polarimetry at the 
CEBAF Injector 
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POLO @ MAMI 

• Used in 2004 with an effusive argon target 
and deceleration from 50 keV of the beam 
to be measured. 

• Measured Pe with a precision of < 2% 

• Very high backgrounds  

• “Self calibration” not attempted 

• B.Collin et al., NIM A 534, 361 (2004) 

 



Accuracy (preliminary) 

cascading 
threshold 

• Pe= 0.273(4) 
• 1.5% absolute 
• < 100 s acquisition 
 time 
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