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Kerr Effect

• Kerr effect is the change in polarization 
laser light experiences upon reflection 
from a magnetized target

• Three geometries: Polar, transverse, 
longitudinal

• Polar is the ‘hardest’: Takes a large external 
field to magnetize out-of-plane.



Polarization Change

• Polarization state characterized by 
polarization angle and ellipticity.

• Any polarization state may be presented 
as a sum of left and right-handed 
circularly polarized light.

• Complex index of refraction in a medium: 
‘n’ is the refractive index – determines 
phase velocity of light in medium.  ‘k’ is 
the extinction coefficient – related to 
absorption of light in a medium.



Mechanism
• Magnetization induces off-diagonal elements in material’s dielectric tensor

• Off-diagonal elements proportional to magnetization

• Solving Maxwell’s equation in frequency domain

• Thus, polarized light will experience a change in phase velocity/absorption 
between it’s LH and RH light components – causes a change in polarization 
angle and ellipticity upon reflection.

• Change in ellipticity proportional to B-field in target; tracking polarization 
change as a function of auxiliary field produces hysteresis curve –
magnetization state is completely known, in particular, saturation.



Application
• In many polarized electron beam experiments, measuring beam polarization to 

high accuracy is difficult.  Scattering a polarized electron beam on a magnetized 
foil produces a parity-violating asymmetry

• If one can measure the asymmetry and target polarization, beam polarization is 
known.

• The idea: One can monitor electron beam polarization continuously and in-situ.



What was the goal?
• We wanted to build prototype ‘Kerr device’

• Optical system used to measure change in polarization 
of target foil.

• Wanted a sense of the challenges and difficulties 
one might encounter in full-scale; noise properties 
of the system. 



What was the goal?

• Full-scale measurement involves magnetically saturating iron foil in the polar 
geometry; requires high (4T) external fields.

• Easier: Use a Supermendur foil (high mu) in the longitudinal geometry; requires 
few hundred Gauss.

• Easier still:  Use optical device (Berek Compensator) to optically induce changes in 
polarization.

• First step: Can we build an optical system to measure optically induced changes 
of polarization on the order of the real Kerr effect?



First step: Setup
• Similar setup, except target is replaced by 

Berek compensator
• Changes in polarization will be small, so signal 

is modulated by PEM
• PEM adds 50KHz time-dependent retardation

• Modulated signal measured by lock-in 
amplifier

• How does this work in theory?



First Step: Theory
• Linear optical elements can be described by matrices.  Examples:
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• For linearly polarized light, passing through a polarizer 
at 45, and compensator with retardation π/2, and 
orientation at 0:



First Step: Theory
𝐸𝑓 = 𝐴 0 𝑀 45 𝐶 45 𝑃 90 𝐸𝑖

𝐸𝑓 = 𝑖𝑠𝑖𝑛(
δ + ϕ(𝑡)

2
)

0
→ 𝐼

= 𝐼0 sin2
𝛿 + 𝜙 𝑡

2
=
𝐼0
2
(1 − cos(δ + ϕ 𝑡 ) =

𝐼0
2
(1 − cos δ cos ϕ 𝑡 + sin δ sin ϕ 𝑡 )

Use expansion:

sin ϕ 𝑡 = 2𝐽1 ϕ0 sin ft + ⋯

cos ϕ 𝑡 = J0 ϕ0 + 2J2 ϕ0 cos 2ft + ⋯



First step: Theory

𝐼0 =
𝐼0
2 1 − 𝐽0(ϕ0) cos 𝛿

𝐼1𝑓 = 𝐼0 𝐽1 ϕ0 sin 𝛿 sin(𝑓𝑡)

𝐼2𝑓 = 𝐼0 𝐽2 ϕ0 cos 𝛿 cos(2𝑓𝑡)

• The lock-in amplifier provides the amplitude of the 1f-
component: 𝐼0 𝐽1 ϕ0 sin 𝛿 and delta is controlled by 
Berek compensator .

• Separate intensity by frequency components:



First step: Theory
• After the compensator:
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• This is elliptically polarized light, with zero polarization angle and 
ellipticity ϵ = 𝐸𝑥

𝐸𝑦
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• Measuring the 1f-component allows us to measure the ellipticity.  For small retardation,

𝐼1𝑓 = 𝐼0 𝐽1 ϕ0 sin 𝛿 ≈ 2𝐼0 𝐽1 ϕ0 ϵ



First step: Theory in Practice 

• Compensator 
behaves as 
expected: 
𝐼0 𝐽1 ϕ0 sin 𝛿

• Kerr effect is 
small, so we 
are mostly 
interested in 
small ellipticity.



First Step: Faking the Kerr Effect

• BH-curve taken from COMSOL data 
table for Supermendur foil

• Supermendur saturates around 2.1 
Tesla; maximum change in 
ellipticity is a fraction of a degree –
say .01 radians; this scales y-axis.

• Test the “Kerr device” – can we use 
the Berek compensator to produce 
small changes in ellipticity and 
reliably measure them?



First step: Faking the Kerr Effect

• X-axis is arbitrary; this 
is not real data – y-axis 
is purposely matched 
to ‘real’ BH-curve.

• Barring systematics 
from real fields and 
foils, we confirm setup 
can adequately resolve 
small changes in 
polarization.



Second Step: Setup
• Target is a Supermendur foil, 

magnetized by 2.5in radius 
coils (about 700 turns) with 
4.5in separation.

• Polarizer at 90 degrees
• PEM set to retardation of .38 

(in waves)
• Analyzer at 0 degrees



Second Step: Kerr Effect Lite
• Representative 

hysteresis curve
• Saturation scales y-axis; 

without saturation 
extrapolation is 
necessary

• Not an absolute 
measurement of 
magnetization – only 
relative



What’s missing?

• No statistics; power supply has no interface capabilities
• Statistics necessary to carry out stability measurements

• Foil needs processing
• Annealing makes hysteresis curve more ‘square’ – easier to saturate

• Vacuum
• Foil chamber is set to be vacuum pumped; what’s the effect?

• Open question: What sort of benchmarks would we like for full-scale 
measurements?

• Somewhat concrete constraints for Kerr device: Systematics, resolution, physical constraints, 
etc.


