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Polarization of Circumstellar Disks

Polarized intensity showing spiral arms of 
MWC 758 with SPHERE (Benisty 2014)

Advantages of 
Polarimetric Imaging

• Detecting fainter disks at 
smaller separations (~0.1“)

• Well-suited to disks that 
appear face-on

• Characterization of 
scattering particles



CQ Tau Disk

Left: Subaru/HiCIAO H band 
image of spiral on an 8.2m 
telescope (Uyama 2019)

Right: Polarized intensity in I 
band on a 2.5m telescope 
(Safonov 2019)



Polarimetry Basics
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Mueller Matrix Representation
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Mueller Matrix Representation

𝑀𝑟𝑒𝑡𝑎𝑟𝑑𝑒𝑟 = 

1 0 0 0
0 1 0 0
0 0 cos𝜙 𝑠𝑖𝑛𝜙
0 0 −𝑠𝑖𝑛𝜙	 cos𝜙

𝑀diattenuator		= 

1 𝜀 0 0
𝜀 1 0 0
0 0 1	 − 𝜀! 1	 − 𝜀!
0 0 − 1	 − 𝜀! 1	 − 𝜀!
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Mueller Matrix Representation
Sout= 𝑴𝑾𝒐𝒍𝒍𝒂𝒔𝒕𝒐𝒏 $ 𝑴𝑯𝑾𝑷 $ S𝒊𝒏

𝑀𝐻𝑊𝑃 = 

1 0 0 0
0 1 0 0
0 0 −1 0
0 0 0	 1

𝑀𝑊𝑜𝑙𝑙𝑎𝑠𝑡𝑜𝑛 = !"

1 ±1 0 0
±1 1 0 0
0 0 0 0
0 0 0	 0



Eleven-Parameter Model

Φ (Retardance): Conversion of incident linearly polarized light 
into elliptically polarized light

ε (Diattenuation): Unequal reflectivity/transmissivity in the 
axes parallel and perpendicular to the plane of tilt

Θ (Rotation Angle): Unintended rotation of component into a 
different incident angle

δ (Offset Angle): Slight deviation added to intended rotation 
angle

EM Gain Ratio: Gain ratio difference (cam1 / cam2)
Norris 2021



Internal Lab Calibrations: Expressions

𝐷 = 𝐿1	 − 𝑅1 − 𝐿2	 − 𝑅2

Safonov 2022



Internal Lab Calibrations: Expressions

S	 = 𝐿1	 − 𝑅1 + 𝐿2	 − 𝑅2

Safonov 2022











HWP and IMR Performance 



FLC Performance



HD34700
Lucas 2023



Internal Lab Calibrations: Takeaways
•Highly non-ideal and wavelength-dependent behaviour
•Confirmation of HWP and IMR retardance physical 

models
•Confirmation of anomalous behaviour at 625 and 775 

nm
•Many sources of degeneracy
•FLC retardance deviates significantly from 1/2 wave
•Camera EM gain drift



Next Steps
• Determination of diattenuation and retardance of M3
• Verification of polarized standards
• Developing a calibration routine
• Apply on more science data!

Conclusions
• Retroactive parameter extraction is time-consuming
• Isolated calibrations for each component is invaluable

• Regular lab and on-sky calibrations are needed to track IP 
changes



VAMPIRES 2023 Upgrade

• New multiband imaging mode
• New achromatic FLC
• Some of the highest dynamic range of any SCExAO 

instruments

Lucas 2023


