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Polarimetry of High Energy Electron Beam:



Recap: Requirements for Polarimetry *
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A Electron beam energies: p ¢ A.6
A Proton beam energiest T ¢ X 'v A.
A Measure:

Absolute beam polarizatiosd 70 p b
Polarization vector at experiment
Timedependence (polarization decay)
Bunchby-bunch polarization

Transverse polarization profile of
bunches

Polarization during ramp (acceleration)



Remember Synchrotron Radiation

A The emission of synchrotron radiation leads to a-pelfrizing of
the beam (Sokole\fernoveffect).
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A After long enough time, thegdarization limit should be reached:
0 w@& P(actually mucrsmaller due to spin diffusion)

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

A Polarized bunches need to be replaced every few minutes in order
to ensureg0”)s  g0°)s o]
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Electrons are not Hadrons °

A The electron in deejnelastic scattering is probing the nucleon.
A Interactionswith the electron are through electromagnetic force.

A Use electromagnetic field or photon to determine electron

polarization BNL-EIC o N, N
A Advantage EIC: R e |
: . . . — —
A The acceleration of electrons happens in the Rapid Cycling ‘ ol /"
Synchrotron. e
A The Electron Storage Ring has a fixed energy. M S
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Mott Scattering

A Spinorbit coupling of the electron passing through the Y
electromagnetic field of a nucleus 4

A Electron experiences a magnetic fild —b i \ i (< \
A w ‘D ¢3 changes the scattering probability to the left and right: electron beam\ ] \

A Sherman functionlY—
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Mott Scattering

A Spinorbit coupling of the electron passing through the

electromagnetic field of a nucleus

A Electron experiences a magnetic fiéld —ip 1

A ® ‘D ¢3 changes the scattering probability to the left and right:

A Sherman functionY—
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A Asymmetries strongly energy dependent
A Transverse polarization

Large asymmetries in backward direction

Useful for electron sources (keV to MeV)

Multiple scattering in target (systematics)

o To Io Do

Heavy nuclei, destructive measurement



Mgller Scattering

o-channel O0-channel

A Electronelectronscattering
A Can be calculated in QED at tree level
A Typically use electrons in fixed target

A double-spin asymmetry:
magnetized ferromagnetic foils

High energy limit of the analyzing power
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Fig. 3. Schematic Meller-polarimeter geometry.

A Maximum asymmetry ab tin cms

A

T> T

Symmetrc electron pair in lab frame: same energy,
opposite angle

Target polarization can be changed by magnetic fields:
GSI aeé¢ YI A yidgnilicant dysiematiy”
uncertainty of polarization

Effective analyzingower for O only 2/26

Work horse for fixed target experiments



Mott Scattering
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Mgller Scattering

Anything else?

] start here
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Compton Scattering

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

A The cross section depends on the electron spin and photon helicity
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Polarized Compton Scattering at High Energies

A Example: International Linear Collider
A Electron beant vt t'mA
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Transverse Electron Polarization

A Transverse electron polarization introduces an additional up/down asymmetry
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Components for Compton Measurements

Photon detector

Electron
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