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Spin-light polarimeter

➢Motivation

The spin dependence synchrotron radiation (SR), called “spin-light”, can be used to monitor 

the electron beam polarization.

• 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
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Compare to other methods
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单个电子在磁场中运动的瞬时辐射功率：
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The angular distribution of the radiated power is given by
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Angle (θ, ϕ) 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 𝜃 ≈
Τ1 𝛾.

• Critical frequency:

𝑤𝑐 =
3

2
𝛾3𝑐/𝑅

• Critical energy: 

𝐸𝑐 = 𝑚𝑒𝑐
2

𝑚𝑒𝑐𝑅

ℏ

The total radiative power is given by Larmor formula 

Classical theory of SR 
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Classical theory of SR 

Angular distribution of synchrotron radiation shown for the 

bottom half of the electron’s orbital plane. 

for slow electrons, β ∼ 0

for highly relativistic electrons, β ∼ 1
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Quantum Theory of SR 

• 极化的电子束流与无极化的电子束流辐射功率之差为：which is called “spin-light”

𝑃𝑠𝑝𝑖𝑛 = 𝑃𝑝𝑜𝑙 − 𝑃𝑢𝑛𝑝𝑜𝑙 = −jξ𝑃𝑐𝑎𝑙𝑠න
0

∞9 3

8𝜋
𝑦2𝐾 ൗ1 3

𝑦 𝑑𝑦

• QED corrections give electrons spin dependence in the radiated power.

• Ternov and et. al. provide the Dirac equation.

Spin dependent term

Spin-flip dependent term

𝑗: spin orientations with respect to the magnetic field

Taylor expanded:

• Classic SR

• Thomas Precession

• Larmor precession

• Interaction between Larmor and 

Thomas precession

• Radiation from intrinsic magnetic 

moment.
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Quantum Theory of SR 

• Polarized electron beams have longitudinal ( 𝑃𝑧), transverse horizontal (𝑃𝑦) and transverse 

vertical (𝑃𝑥 ) components relative to the beam direction. 

➢Transverse polarization

ignoring spin flip terms and other terms of order ξ2

公式中，α = γφ
上述表达式中的极化相关项是φ角的偶函数，因此，当在所
有角度上积分时，它使总SR功率与自旋相关。因此，通过
测量总辐射功率中的自旋依赖性，可以测量横向极化电子
束的极化。

➢Longitudinal polarization

ignoring spin flip terms and other terms of order ξ2

上述表达式中的极化相关项是φ角的奇函数，在所有
的角度上积分等于0，总的SR辐射对于纵向极化而言
是自旋无关的。然而，空间上方(0 < φ < Τ𝜋 2)的辐射
功率和空间下方(− Τ𝜋 2 < φ < 0)的辐射功率在电子的
轨道平面是不同的，依赖于自旋。因此通过测量
spatial asymmetry,就可以测量电子束流的纵向极化。
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Quantum Theory of SR 

➢Longitudinal polarization

辐射到有限水平角的光子总数可表示为：

电子轨道上方和下方空间中辐射的光子通量之差由下式给出：

The asymmetry is defined:

A =
∆𝑁𝛾

𝑁𝛾
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Performance of spin-light polarimeter

(a)The total SR power 

and the spin-

dependence power. 

Integrated over a 

horizontal angular 

acceptance of ∆𝜃=10 

mrad

𝑷𝜸(𝒍𝒐𝒏𝒈)

∆𝑷𝜸(𝒍𝒐𝒏𝒈)

𝑵𝜸(𝒍𝒐𝒏𝒈)

∆𝑵𝜸(𝒍𝒐𝒏𝒈)

A =
∆𝑁𝛾

𝑁𝛾
(c) One should measure 

the hard tail of the SR 

spectrum (𝐸𝛾 > 500𝑘𝑒𝑉)

(d) 1% statistical error 

within few tens of 

seconds.

𝛿𝐴

𝐴
=

1

𝐴 2𝑁

(b) The number of SR 

photons 𝑵𝜸, and the 

spin-light photons ∆𝑵𝜸
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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 = 2-5 T

Performance of spin-light polarimeter

(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 

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

range for currents less than 10 mA
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Spin-light polarimeter

layout of the spin-light polarimeter include 

• a 3-pole wiggler magnet

• collimators 

• a split plane ionization chamber (IC)

Produce SR photons
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➢ 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 ~100μA. 

results


