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Spin-light polarimeter

> Motivation

« The longitudinal polarization of the electron beam is one of the dominant systematic

uncertainties in parity violating electron scattering (PVES) experiment.
« The polarization of the electron beam must be monitored continuously with an uncertainty of 0.5%.

» Method

The spin dependence synchrotron radiation (SR), called “spin-light”, can be used to monitor
the electron beam polarization.
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Classical theory of SR
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The total radiative power is given by Larmor formula
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The angular distribution of the radiated power is given by
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Angle (6, $) are measured with respect to
the direction of electron’s motion.

» Properties of SR

« SR is strongly linearly polarized.
« For highly relativistic electrons, the
radiation with an opening angle 6 =

1/y.
 Critical frequency:
3 3
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» Critical energy:
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Classical theory of SR

for slow electrons, 3 ~ 0
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Angular distribution of synchrotron radiation shown for the

bottom half of the electron’s orbital plane.



Quantum Theory of SR

« QED corrections give electrons spin dependence in the radiated power.
« Ternov and et. al. provide the Dirac equation.
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« RUHBEFRASTRMUNEFRRIEBFINERZZE: which is called “spin-light”
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| Quantum Theory of SR

* Polarized electron beams have longitudinal ( £,), transverse horizontal (P,) and transverse
vertical (P, ) components relative to the beam direction.

» Transverse polarization

ignoring spin flip terms and other terms of order &?
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» Longitudinal polarization

ignoring spin flip terms and other terms of order &2
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Quantum Theory of SR

» Longitudinal polarization
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The asymmetry is defined:



| Performance of spin-light polarimeter

Bwigg= 4T, E, =11 GeV, Angular range A8, =10 mrad

(a)The total SR power
and the spin-
dependence power.
Integrated over a
horizontal angular
acceptance of A6=10
mrad

(c) One should measure
the hard tail of the SR
spectrum (E,, > 500keV)
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(b) The number of SR
photons N,,, and the

spin-light photons AN,,

(d) 1% statistical error
within few tens of
seconds.
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Asymmetry

| Performance of spin-light po
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(a) The energy dependence of the asymmetry for
beam energy is 4-20 GeV

(b) The spin dependent asymmetry for magnetic field

B=2-5T

Summary: it is best suited for the 4 - 20 GeV energy

range for currents less than 10 mA
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(top) The total SR power as a function of the
electron beam energy

(bottom) The vertical size of the SR beam
spot vs the electron beam energy 11



| Spin-light polarimeter

layout of the spin-light polarimeter include

a 3-pole wiggler magnet
collimators

a split plane ionization chamber (IC)
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Figure 5: (Top - Bottom): A. Schematic diagram
showing the location of collimators (yellow strips)
on the wiggler pole faces which guide the SR pho-
tons produced at the wiggler magnet to the beam left
ionization chamber.; B. Schematic diagram showing
the location of collimators on the wiggler pole faces
which guide the SR photons produced at the wiggler

magnet to the beam right ionization chamber.
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results

» Spin-light polarimeter can achieve statistical precision of in measurement cycles of less than
10 minutes for 4 - 20 GeV electron beams with beam currents of ~100uA.




