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Weak lensing Basics

https://frontierfields.org/

● Slight distortions in apparent size,orientation, ellipticity 
● Affects galaxies and CMB

Why is it important

● Sensitive to all gravitating matter
● Gives direct measurement of matter distribution
● Probe of dark matter



  

Basics of galactic polarization
Optical regime

● Scattering
● Dichroic absorption
● Synchrotron

Tassis et al., 2018
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Basics of galactic polarization
Optical regime

● Scattering
● Dichroic absorption
● Synchrotron

2MASXJ00004242+2822081, type: S0

Scarrott et al., 1996



  

EVPA IS UNALTERED BY 
GRAVITATIONAL LENSING



  

➢ Source:

➢ Image:

➢ Lens:

α: orientation of ellipse
(λ±Δλ)1/2 : major (minor) axis length
θ: angle between lens center and image
κ: convergence
γ: shear 

https://en.wikipedia.org

https://en.wikipedia.org



  

Simulation

➢ Fix a lens model, i.e. κ(x,y), γ(x,y), θ(x,y) in the lens plane

➢ Generate sample of background galaxies with random position angle and ellipticity assuming uniform distribution

➢ Try to reconstruct the lens parameters from the images.



  

A spherical lens model (fixed θ)

Assume pairs of r
0
, Φ

0
,

Assume image parameters 
are measured exactly
Infer α

s
 from EVPA

χ2 minimization 
over the lens 
parameters

Determination of (r
0
,Φ

0
)

With measured polarization Without measured polarization



  

An arbitrary spherical lens model (fixed θ)
Assume spherically 

symmetric lens, known center 
(as before)

θ is known

Measure EVPA

α
s
 is known

If there is no measurement in error and the lens is 
really spherical, local Γ can be determined exactly 

USING ONLY 1 GALAXY

Introduce a random error – test 
for 10000 galaxies



  

➢ Generate 2 samples of galaxies with a Gaussian error distribution with σ=2.5ο, 5ο

➢ With few galaxies with measured polarization, determination of Γ function is possible
➢ If 2 galaxies at similar radii are used, the hypothesis of sphericity can be tested



  

Arbitrary lenses

➢ No assumptions about the lens θ is unknown

➢ If EVPA is measured → α
s
 is known 4 unknowns (l

s
,Δl

s
,Γ,θ) but 3 equations

➢ If 2 galaxies can be associated with the same Γ,θ 6 unknowns with 6 equations

➢ Take 2 galaxies with angular separation << angular diameter of lens Assume same gravitational potential



  

➢ One pair of galaxies can constrain Γ

➢ More pairs of galaxies can constrain Γ more!!

Determine κ,γ from Γ= γ/κ

➢ Use a subset Q of galaxies which have the same κ



  

Take-home message

➢  EVPA is unaltered by weak lensing

➢ EVPA is a marker of the orientation of the source

➢ EVPA can be used to derive info on the lensing potential that would be difficult/impossible to obtain otherwise

➢ Reduces uncertainties of lens parameters – can break degeneracy when data of many objects are available



  

Thank you
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