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Overview

• Polarization	
  in	
  WFIRST	
  CGI
– on-­‐axis	
  fast	
  telescope

• Polarization	
  in	
  TPF-­‐C
– Off-­‐axis	
  fast	
  telescope

• Polarization	
  in	
  off-­‐axis	
  fast	
  UVO	
  telescope
– UV	
  requirement	
  impacts	
  polarization	
  
performance.
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WFIRST	
  CGI	
  Polarization

• Incidence	
  angle	
  on	
  PM	
  up	
  to	
  12	
  deg.	
  	
  Angle	
  up	
  
to	
  14	
  deg in	
  CGI.

• f/1.2	
  primary
• Considered	
  only	
  the	
  two	
  main	
  polarizations,	
  
not	
  the	
  cross	
  polarization.
– Hong	
  says	
  this	
  is	
  down	
  by	
  3	
  orders	
  of	
  magnitude.

• Main	
  polarization	
  aberration	
  is	
  astigmatism.
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WFIRST	
  Polarization	
  PM+SM	
  HRC	
  Coating

*P-­‐V,	
  Top-­‐Bottom

P-­‐V	
  of	
  Differential	
  WFE	
  of	
  Y	
  and	
  X	
  polarizations

Ey-Ex @550nm
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λ (nm) Ey-­‐Ex (nm)*

450 29.8

550 9.2

650 -­‐4.2

750 -­‐16.3

850 -­‐27.5

950 -­‐34.7

Ey-Ex @650nm
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WFIRST	
  CGI
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WFIRST	
  CGI
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WFIRST	
  CGI	
  Shaped	
  Pupil
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WFIRST	
  PIAACMC

1	
  DM	
  used	
  to	
  form	
  a	
  half	
  dark	
  hole.
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Telescope requirements
• TPF-C telescope mirrors should provide

– High reflectivity to ensure adequate throughput
– 500 to 800nm minimum bandwidth; 

• 500nm to 1.05µm desirable
– nm,  sub nm surface quality, stability
– Minimum polarization splitting due to mirror curvatures

• 8m x 3.5m elliptical primary mirror encounters about 12 deg 
maximum angle of incidence  

– Excellent environmental stability over time

References:
Breckinridge, J. B. and Ben R. Oppenheimer, “Polarization effects in reflecting 
coronagraphs for white-light applications in astronomy”, ApJ 600, pp.1091-1098, Jan 2004 

Stuart B. Shaklan, L.F. Marchen, and J. J. Green, “The Terrestrial Planet Finder 
Coronagraph error budget” in this conference; Proc SPIE Vol 5905, 2005. 
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Pupil Fields
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Contrast for various field terms

Average  Contrast  in  the  3.5  to  4.5  λ/D  square  box  region  for  
various  pupil  fields
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Off-­‐Axis	
  
Telescope

08:46:34

3.8 m Aperture Cassegr, PM to SM 5.5 m Scale: 0.01 MR   03-May-11 

1785.71 MM   

PM
(CA	
  3.8	
  m)

SM
(CA	
  0.4	
  m)

Telescope
Fold	
  (CA	
  0.11	
  m)

Tertiary
Mirror

(CA	
  0.15	
  m)

DM1/FSM
(CA	
  0.1	
  m)

DM2
(CA	
  0.124	
  m)

Post-­‐Occult	
  
Fold	
  (CA	
  0.06	
  m)

OAP	
  1
(CA	
  0.16	
  m)

Post-­‐Occult	
  OAP
(CA	
  0.1	
  m)
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  0.08	
  m)
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Figure 2. Telescope and instrument layout.

SPIE	
  8151	
  (2011)

PM	
  used	
  at	
  F/1.6.

Main	
  driver	
  on	
  cross-­‐pol
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Coronagraph:	
   radial	
  1-­‐sinc^2	
  mask



Coatings	
  studied
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Cross	
  Polarization	
  in	
  off-­‐axis	
  design
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Cross	
  Polarization	
  bare	
  aluminum

UV	
  Compatible	
  but	
  lots	
  of	
  leakage
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Cross	
  polarization,	
  protected	
  silver

No	
  UV	
  signal,	
  better	
  leakage
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Contrast	
  in	
  image	
  plane,	
  >2.5	
  λ/D
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Summary
• WFIRST	
  shows	
  that	
  two	
  separate	
  polarization	
  channels	
  are	
  

required.
– Cross-­‐pol	
  not	
  analyzed	
  but	
  probably	
  <	
  1e-­‐11	
  level

• TPF-­‐C	
  shows	
  that	
  cross	
  polarization	
  contrast	
  level	
  is	
  1e-­‐11	
  
at	
  4	
  λ/D.
– Not	
  a	
  big	
  deal	
  because	
  it’s	
  fixed	
  pattern,	
  and	
  there	
  will	
  be	
  

brighter	
  background	
  sources	
  (e.g.	
  	
  Leakage	
  from	
  finite	
  star	
  
diameter,	
  exozodi).

• UVO	
  off-­‐axis	
  telescope	
  study	
  showed	
  that	
  UV	
  requirement	
  
significantly	
  increases	
  cross-­‐pol.	
  	
  
– Peak	
  contrast	
  >	
  1e-­‐9	
  at	
  2.5	
  λ/D.	
  
– Without	
  UV	
  requirement,	
  peak	
  was	
  <1e-­‐10.
– Max	
  Angle	
  of	
  Incidence	
  is	
  19	
  deg.
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