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Polarimetry of High Energy Electron Beams



Recap: Requirements for Polarimetry 4

Å Electron beam energies: υ ρψ'Å6.

Å Proton beam energies: υπ ςχυ'Å6.

Å Measure:

Å Absolute beam polarization ɝὖȾὖ ρϷ

Å Polarization vector at experiment

Å Time-dependence (polarization decay)

Å Bunch-by-bunch polarization

Å Transverse polarization profile of 
bunches

Å Polarization during ramp (acceleration)



Remember Synchrotron Radiation 5

Å The emission of synchrotron radiation leads to a self-polarizing of 
the beam (Sokolov-Ternoveffect).

‚ὸ ὃρ Ὡ Ⱦ

† ὃ
τ“ᴐ

άὧὩ

άὧ

Ὁ

ὄ

ὄ

Å After long enough time, the polarization limit should be reached: 
ὃ ωςȢτϷ(actually muchsmaller due to spin diffusion).

Å But: the beam is bunched with alternating polarization directions.

Å Polarized bunches need to be replaced every few minutes in order 

to ensure ȿὖᴻȿ ȿὖᴽȿ
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Electrons are not Hadrons 6

Å The electron in deep-inelastic scattering is probing the nucleon.

Å Interactions with the electron are through electromagnetic force.

Å Use electromagnetic field or photon to determine electron 
polarization

Å Advantage EIC:

Å The acceleration of electrons happens in the Rapid Cycling 
Synchrotron.

Å The Electron Storage Ring has a fixed energy.

Polarized Electron Source

(R&D Prototype)
RCS Design RCS Polarization Performance



Mott Scattering 7

Å Spin-orbit coupling of the electron passing through the 
electromagnetic field of a nucleus

Å Electron experiences a magnetic field ὄᶿ ᴆὶ ᴆὴ

Åὠ ᴆ‘ɇὄchanges the scattering probability to the left and right:

Å Sherman function Ὓ—
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ÅὛ— depends on  ὺȾὧ
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ᴆὴ —
electron beam



Mott Scattering 8

Å Spin-orbit coupling of the electron passing through the 
electromagnetic field of a nucleus

Å Electron experiences a magnetic field ὄᶿ ᴆὶ ᴆὴ

Åὠ ᴆ‘ɇὄchanges the scattering probability to the left and right:

Å Sherman function Ὓ—

Åὃ ὖὛ—

ÅὛ— depends on  ὺȾὧ

ᴆὛ

ᴆὴ —
electron beam

Nucl. Inst. & Meth. A 488 (2021) 37-42

ὃόtarget Å Asymmetries strongly energy dependent

Å Transverse polarization

Å Large asymmetries in backward direction

Å Useful for electron sources (keV to MeV)

Å Multiple scattering in target (systematics)

Å Heavy nuclei, destructive measurement



MøllerScattering 9

Å Electron-electron scattering

Å Can be calculated in QED at tree level

Å Typically use electrons in fixed target

Å double-spin asymmetry:
magnetized ferromagnetic foils
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High energy limit of the analyzing power

Nucl. Inst. & Meth. A 294 (2990) 541



MøllerScattering 10

Å Electron-electron scattering

Å Can be calculated in QED at tree level

Å Typically use electrons in fixed target

Å double-spin asymmetry:
magnetized ferromagnetic foils

High energy limit of the analyzing power

Nucl. Inst. & Meth. A 294 (2990) 541

Å Maximum asymmetry at ωπЈin cms

Å Symmetric electron pair in lab frame: same energy, 
opposite angle

Å Target polarization can be changed by magnetic fields:
άŜŀǎȅέ ƳŀƎƴŜǘƛȊŀǘƛƻƴ ᴼsignificant systematic 
uncertainty of polarization

Å Effective analyzing power for ὊὩis only 2/26

ÅWork horse for fixed target experiments
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Mott Scattering MøllerScattering Anything else?

start here



Compton Scattering 12

Å Cross section can be calculated at tree level in QED
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Target at rest

Å The cross section depends on the electron spin and photon helicity
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Electron/photon helicities
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Polarized Compton Scattering at High Energies 13

Å Example: International Linear Collider

Å Electron beam ςυπȾτππ'Å6

V. Gharibyan, K. Meinert, P. Schüler.
ά¢ƘŜ ¢9{[! /ƻƳǇǘƻƴ tƻƭŀǊƛƳŜǘŜǊέ [/-DET 2001-047



Transverse Electron Polarization 14

Å Transverse electron polarization introduces an additional up/down asymmetry

ὃ
ς“ὶὥ

Ὠ„ȾὨ”
ÃÏÓ‰

”ρ ὥ τὥ”ρ ”

ρ ”ρ ὥ
” Ⱦ ὥ ρ

τὉ

ά

Ὁ ςπ'Å6

 ςȢσσÅ6

D. Barber et al. NIM A 329 (1993) 79

Early results from HERA (DESY)



Components for Compton Measurements 15

Photon detector

Scattered electrons

Dipole

Electron beam



Electron
detector


