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Parity violating electron scattering (PVES)

8

•
•

•

∝ 𝑄𝑄𝑊𝑊



Parity violating electron scattering (PVES)
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Tree 
level

Electroweak corrections in the SM 
• couplings run (weak mixing angle/weak charge)
• 𝐴𝐴𝑃𝑃𝑃𝑃 loop contributions depend on energy scale
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Tree 
level

Corrected

0.0435
tree level                       1 loop EW corrections

𝑄𝑄𝑤𝑤𝑒𝑒 = 1 − 4sin2𝜃𝜃𝑤𝑤~ 0.075

𝐴𝐴𝑃𝑃𝑃𝑃(𝜃𝜃𝐶𝐶𝐶𝐶 = 90°) = 67 ppb                 40 ppb
tree level                        1 loop EW corrections

2 Loop corrections calculations underway!
12/22/2022
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• 11 GeV beam
• 1.25 m LH2 target
• Full azimuth acceptance 5-21mrad
• 65 µA max current 
• Moller rate ~2 GHz/ µA
• 344 PAC days (688 calendar days) 

spread over 3 running periods

12/22/2022
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𝜃𝜃𝐶𝐶𝐶𝐶𝐶𝐶 𝑣𝑣𝑣𝑣 𝜃𝜃𝐿𝐿𝐿𝐿𝐿𝐿 at 𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 11 GeV

LH2 0.26° to 1.2°𝐸𝐸 = 11GeV

Max FOM @ 5.5 GeV

Moller 𝐸𝐸′ vs 𝜃𝜃𝐿𝐿𝐿𝐿𝐿𝐿

• Effective full azimuthal acceptance 
due to identical particles

• Acceptance from 𝜃𝜃𝐶𝐶𝐶𝐶𝐶𝐶 = 50° − 130°
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Early coil 
prototype 
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Simulated 
single octant 
rate with 
approximate 
detector 
locations
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• 1.25 m long target
• Designed with extensive CFD

• Qweak target precursor
 47 ppm  30 ppm
 Flow 17 l/s  25 l/s
 Cooling 3 kW  4 kW

12/22/2022



• HIGH POLARIZATION (~85%) ROUTINELY ACCOMPLISHED WITH GAAS PHOTOCATHODE
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• HIGH POLARIZATION (~85%) ROUTINELY ACCOMPLISHED WITH GAAS PHOTOCATHODE

• RAPID HELICITY REVERSAL (~2KHZ) TO REDUCE RANDOM NOISE FROM TARGET DENSITY
FLUCTUATIONS

• HELICITY REVERSAL OF LASER POLARIZATION IN SOURCE PROVIDED BY POCKELS CELL

• PREVIOUS KD*P CELL LIMITED TO ~100 𝜇𝜇S DEADTIME FOR EACH REVERSAL DUE TO RINGING

• RINGING ELIMINATED AND 10 𝜇𝜇S REVERSAL TIME POSSIBLE WITH NEW RTP CRYSTAL CELL
DEVELOPED BY UVA

SBS Meeting 19

KD*P RTP
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• HIGH POLARIZATION (~85%) ROUTINELY ACCOMPLISHED WITH GAAS PHOTOCATHODE

• RAPID HELICITY REVERSAL (~2KHZ) TO MINIMIZE RANDOM NOISE (EG. TARGET DENSITY
FLUCTUATIONS AND SLOW DRIFTS

• HELICITY CORRELATED (HC) DIFFERENCES SUPPRESSED
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Achieving Moller Requirements

1. Injector upgrade including 
new Wien filter and 200 keV
gun with no RF prebuncher
• Reduced space charge 

effects (beam halo)
• Better matching = 

adiabatic damping
• No x/y coupling

2. RTP cell provides ability to 
feed back on position and 
intensity differences

12/22/2022



• HIGH POLARIZATION (~85%) ROUTINELY ACCOMPLISHED WITH GAAS PHOTOCATHODE

• RAPID HELICITY REVERSAL (~2KHZ) TO MINIMIZE RANDOM NOISE (EG. TARGET DENSITY
FLUCTUATIONS AND SLOW DRIFTS

• HELICITY CORRELATED (HC) DIFFERENCES SUPPRESSED

• CANCELATION OF REMAINING HC FALSE ASYMMETRIES = SLOW REVERSALS
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Courtesy K. Paschke
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Scattering ~3kW circularly 
polarized green laser from 
electron beam and detecting 
both back-scattered 𝛾𝛾 and e-
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• Elastic ee scattering from a Fe 
foil polarized || beam 

• Parity conserving Moller asym

𝐴𝐴 =
𝜎𝜎↑↑ − 𝜎𝜎↓↑
𝜎𝜎↑↑ + 𝜎𝜎↓↑

𝐴𝐴𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = �
𝑖𝑖,𝑗𝑗=𝑥𝑥,𝑦𝑦,𝑧𝑧

𝑃𝑃𝑖𝑖𝑡𝑡𝐴𝐴𝑖𝑖𝑖𝑖𝑃𝑃𝑗𝑗𝑏𝑏

• Measured asymmetry for us
𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 𝑃𝑃𝑧𝑧𝑡𝑡𝐴𝐴𝑧𝑧𝑧𝑧𝑃𝑃𝑧𝑧𝑏𝑏
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•
• Project Manager: J. Fast
• Deputy Project Manager: J. Butler

• Project Engineer: R. Wines
• Safety Lead: E. Folts
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• Apv varies over acceptance from 40  to 
27 ppb  Apv ~32 ppb

• Cross section minimum at 𝜃𝜃𝐶𝐶𝐶𝐶𝐶𝐶 = 90°

• FOM = 𝐴𝐴𝑃𝑃𝑃𝑃2 𝑅𝑅𝑒𝑒𝑒𝑒 maximum at 𝜃𝜃𝐶𝐶𝐶𝐶𝐶𝐶 = 90°
and varies slowly away from 90 deg

12/22/2022
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https://arxiv.org/abs/1302.6263
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Best projected sensitivity to sin2 𝜃𝜃𝑊𝑊 at low 𝑄𝑄2or at collider over next decade.
12/22/2022
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