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3,496 known 
exoplanets

Exoplanet Detection

Image Data: exoplanets.eu
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exoplanets.nasa.gov

ÅMost planets discovered indirectly

ÅDirect Imaging: for spectra& more orbital parameters



Future earth-imaging mission

[Burrows 2014]

Current and Future Observatories
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WFIRST Coronagraph Instrument (CGI)
Å Launch in 2026

Å ғҒмл-9 contrast at 150-1000 mas

Å Visible-light imaging and spectroscopy for cold gas-
giant exoplanets& inner debris disks

51 Erib

WFIRST

CGI



New Disk Science with WFIRST
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WFIRST CGI

[Scheider2014]



Outline
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1. Introduction

2.WFIRST CGI Modes and Design Choices
a) Coronagraph design overview
b) Explanation of CGI modes
c) Adjusting for sensitivities

3.Coronagraph Design Research
a) SPC-IFS
b) SPC-Disk
c) HLC

4.Summary



Coronagraph Design
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Performance Metrics
Å Contrast
Å Throughput
Å Spectral Bandwidth
Å Field of View (IWA, OWA, angle)

Mask Properties
Å Mask shapes
Å Mask materials

Design Parameters

Coronagraph Optimizer

Instrument Simulator

Science Yield Calculator

Sensitivities to:
Å Pointing jitter
Å Wavefront jitter (coma, astig, focus)
Å Primary mirror polarization
Å Mask misalignment

Most of the design work in 

past 1-2 years has been to 

address sensitivities to 

aberration & misalignment.

Å Maximize the science yield.
Å Minimize risk.

Goals:

Masks

Throughput, raw contrast



Types of WFIRST CGI Mode
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1. Hybrid LyotCoronagraph (HLC): exoplanet & inner disk imaging

Å 10% BW, 360o FOV, 3-мл ˂0/D
Å ~4.0% core throughput

2. Shaped Pupil Coronagraph (SPC) for IFS: exoplanet spectroscopy

Å 18% BW, 2x65o FOV, 2.8-уΦу ˂0/D, lower sensitivities 
Å ~3.5% core throughput

3. Shaped Pupil Coronagraph (SPC): outer disk imaging

Å 10% BW, 360o FOV, 7-мф ˂0/D
Å 5.5% core throughput

Å Traugeret al. JATIS 2016
Å Riggs SPIE 2014
Å Zimmerman, Riggs, et al. JATIS 2016

WFIRST pupil Nominal PSF

Å Three types of modes to achieve science goals:



On-axis PSF
at detector

Shaped 
Pupil Mask

Focal 
Plane
Mask

LyotStop

Spergel2000,
Vanderbei2012

How a Coronagraph Works

10-3 contrast10-6 contrast5 x 10-9 contrast

Shaped Pupil Coronagraph Zimmerman, Riggs, et al. 2016Shaped Pupil Lyot Coronagraph (SPLC)
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ü For WFIRST, we use a combination of pupil-plane and focal-plane optics to suppress diffraction.



The WFIRST Coronagraphs

Shaped Pupil Lyot
Coronagraph 

(SPC):

DM1 DM2
Complex FPM

LyotStop

Hybrid Lyot
Coronagraph 

(HLC):

Large DM stroke as part of nominal design.

Zimmermanet al. 2016

Traugeret al. 2016

Shaped Pupil Hard-Edge FPM

LyotStop

Benefits of Each Coronagraph:

Å HLC: Full FOV, fewer masks, easier alignment

Å SPC: Broader bandwidth, lower ab. sensitivities(esp. PM pol.), lower risk with DMs

Stellar
PSF

Stellar
PSF

WFIRST
PSF

Phase Amplitude
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Polarization-Induced Aberrations

HardHard

Really Hard

ÅDifferential polarization is mostly astigmatism
Å Negligible near 600nm ĄHLC
Å Huge WFE far from 600nm Ą SPC, or HLC+polarizer

ÅHuge influence on our operational modes

üThe polarization from the primary mirror is a MAJOR design constraint.

Easy

This figure was already 
cleared in John YǊƛǎǘΩǎ
presentation ά5ƛƎƎƛƴƎ ! 
5ŀǊƪ IƻƭŜΥ aƻŘŜƭǎέ in 
April 2016.
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HLC with  Polarization and Jitter 
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Images with all polarizations (x+y) win in many cases Courtesy of J. Krist 

Image 
Courtesy of 
John Krist

HLC Sensitivities
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Note: Band 1 moved to 
508nm for less telescope 
polarization.

ü Outside V-band, HLC better with analyzer.
ü Analyzer helps, but pol. cross-term still degrades contrast

¢Ƙƛǎ ŦƛƎǳǊŜ ǿŀǎ ŀƭǊŜŀŘȅ ŎƭŜŀǊŜŘ ƛƴ CŜƴƎ ½ƘŀƻΩǎ ǇǊŜǎŜƴǘŀǘƛƻƴ άWFIRST Coronagraph Polarization Update ς11th Stanford aŜŜǘƛƴƎέ 
in March 2017.



CGI Science Bands

CGI 
Bands

c˂enter

(nm)
BW Science Purpose Imager

or IFS
Coronagraph 

Type
Can Use Polarizer 

(for Science)
Must Use Polarizer 
(for Aberrations)

1 508 10%continuum, Rayleigh Imager HLC X X (HLC)

2 575 10%continuum, Rayleigh Imager HLC X

3 660 18%CH4 spectrum IFS SPC

4 770 18%CH4 spectrum IFS SPC

5 890 18%CH4 spectrum IFS SPC

6 661 10%CH4, continuum Imager SPC X

7 883 5% CH4, absorption Imager SPC X

8 721 5% CH4 quantification Imager SPC (& HLC?) X X (HLC)

9 950 6% water detection Imager SPC X
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NOTE: No polarizers or field 
stops in IFS channel.


