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o e Exoplanet Detection
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A Most planets discoverenhdirectly
A Direct Imagingfor spectra& more orbital parameters



@ urmueins Current and Future Observatories

WFIRST Coronagraph Instrument (CE

A Launchin 2026
A f F foontrast at 1561000 mas
A Visiblelight imaging and spectroscopy foold gas
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New Disk Science with WFIRST

WFIRST CGI
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1. Introduction

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

3. Coronagraph Design Research
a) SPAFS
b) SPEDisk
c) HLC

4. Summary



@ o1 pronuion aporatory Coronagraph Design

A Maximize the science yield.
A Minimize risk.

4 Design Parameters )

Performance Metrics
A Contrast

A Throughput

A SpectraBandwidth

A Field of Viewm(IWA, OWA, anglp)

Goals

Sensitivities to:
A Pointing jitter
A Wavefront jitter (coma,astig focus)

A Primary mirrorpolarization _
A Maskmisalignment Mask Properties
A Maskshapes

\ I A Maskmaterials /

| l

Most of the design work in .
Coronagraph Optimizer

past 1-2 years has been to Jraph b

address sensitivities to lMasks

aberration & misalignment.

Instrument Simulator

lThroughput,raW contrast

Science Yield Calculat(}




Qummmmamny Types of WFIRST CGIl Mode

WFIRST pupil Nominal PSF

1. Hybrid LyotCoronagraph (HLCgxoplanet & inner disk imaging

A 10% BW, 360FOV, av 514/D<
A ~4.0% core throughput

A Three types of modes to achieve science goa

2. Shaped Pupil Coronagraph (SR&)IFSexoplanet spectroscopy

A 18% BW2x6% FOV2.8y @ yD, lewer sensitivities
A ~3.5% core throughput

3. Shaped Pupil Coronagraph (SP@&lter disk imaging
A 10% BW, 360FOV.7-m dp,/D< A Traugeret al. JATIS 2016

A Riggs SPIE 2014
0
A 5.5% core throughpUt A Zimmerman, Riggs, et al. JATIS 2019




@ ummemiay How a Coronagraph Works

Shaped Pupil LyaEoronagraph (SPLC)mmerman, riggs, et al. 20

Shaped Focal On-axis PSF

Pupil Mask Plane
Mask

LyotStop at detector

5x 10°contrast

U For WFIRST, we use a combination of pplgihe and focaplane opticso suppress diffractior
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@zt The WFIRST Coronagraphs

Shaped PupilLyot

:  Coronagraph
(SPC):

Zimmermaret al. 2016

- .
----------------------------------------------------------------------------------------------------------------------------

i Hybrid Lyot
: Coronagraph
' (HLC):

Traugetret al. 2016

* 0
----------------------------------------------------------------------------------------------------------------------------

(" .
Benefits of Each Coronagraph
A HLCFullFOV fewer masks, easi@lignment

\A SPCBroadermandwidth, lower ab.sensitivities(esp.PM pol.), lower risk with DMj




@ urmueen Polarization-Induced Aberrations

U The polarization from the primary mirror is a MAJOR design constral

Cycle 6 Polarization: WFE, -WFE,

Really Hard Easy
Wavelength = 450 nm 550 nm 650 nm
RMS WFE =  0.013 waves 0.003 waves 0.001 waves
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This figure was already
cleared in Johiy NR& & (i
presentationd 5 A 3 3 A
5FN] | 2t &y
April 2016.
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750 nm 850 nm H r 950 nm H r
0.004 waves 0.006 waves a d 0.007 waves a d

A Differential polarization is mostlystigmatism

A Negligible near 600nm, HLC

A Huge WFE far from 600n& SPC, oHLC+polarizer
A Huge influence on our operational modes

10



@ sarronison ateratey HLC Sensitivities

Wavelength

Note: Band 1 moved to
508nm for less telescop
polarization.

A.=470 nm

A. =550 nm A. =800 nm

Single polarization  All polarizations Single polarization  All polarizations Single polarization  All polarizations

No jitter

0.4 mas RMS

Pointing Jitter

0.8 mas RMS

Image
Courtesy of
JohnKrist

1.6 mas RMS

¢CKAA FAIdz2NBE 61 a |t NBFRe QWFRSTNGRNadgraph FIarifafion Ydi@hSianfdrdlS 5 §

in March 2017. _ _
U Outside VYband, HLC better with analyzer.
U Analyzer helps, but potrossterm still degrades contrast
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CGI Science Bands

NOTENOo polarizers or field

stopsin IFS channel.

CGlI |<.enier]l BW | Science Purpose| Imager | Coronagraph Can Use PolarizgMust Use Polarize
Bandg (nm) or IFS Type (for Science) | (for Aberrations)

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

2 | 575 | 10% continuum, Rayleigh Imager HLC X

3 | 660 | 18%|CH4spectrum IFS SPC

4 | 770 | 18%|CH4spectrum IFS SPC

5 | 890 [ 18%|CH4spectrum IFS SPC

6 | 661 |10%|CH4 continuum Imager SPC X

7 | 883 | 5% |CH4absorption Imager SPC X

8 | 721 | 5% |CH4quantification | Imager |SPC (& HLC X X (HLC)

9 | 950 | 6% |water detection Imager SPC X
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