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Coronagraphic
Imaging with WFIRST

Nikole K. Lewis
WFIRST FSWG Member
Space Telescope Science Institute

http://wfirst.gsfc.nasa.gov/gallery-movies.html
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Internal Coronagraph Basics




WFIRST CGl

Brown lines in upper right: Speckle Control via deformable mirrors

Red lines in lower left: Low Order WaveFront Sensor (LOWFS) and control of
tip-tilt, focus, astigmatism, and coma

Select combinations of masks to make an SPC or HLC coronagraph for various
wavelength bands
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Drawing of the coronagraph optical bench layout
— Beam from telescope enters in the middle of the table
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Spergel et al (2015), WFIRST-AFTA 2015 Report
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(WFICR'S‘@ High-Level Science Goals: Planets

R

* Detect planets spanning a range of physical
oroperties, probing populations beyond the
imits of current surveys

* Use photometry to provide initial discriminators
for the nature of the planet and explore planetary
diversity

* Use spectroscopy to explore mass-metallicity
relationship and cloud/haze formation
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<wr=| S‘I’> High-Level Science Goals: Disks
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* Directly image and resolve scattered light from
ex0-zod]

 Measure optical properties of disk/zodi to put
constraints on grain properties

* Determine spatial disk structure and link to planet
formation

* Understand diversity of disk/zodi systems through
multi-band photometry



Planet Detection:
s There a Planet in My Data”



WARST) Planet Search Mode

Hybrid Lyot Mode

Figure Credit: JPL WFIRST CGI Team
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Figure from L. Pueyo (STScl)
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<WFI("\’ST> Technigques and Lessons Learned
pa— From Ground and Space

e See Talk by Mawet:

http://nexsci.caltech.edu/workshop/2016/
Sagan2016_mawet_v2.pdf

e See Talk by Pueyo:

http://nexsci.caltech.edu/workshop/2016/
Sagan2016Pueyo?. pdf



http://nexsci.caltech.edu/workshop/2016/Sagan2016Pueyo2.pdf

Planet Characterization:
What Kind of Planet is in My Data”



ED SURVEy TE

I<ﬁ’5‘l'> WFIRST CGl Exoplanet Yields

Mys'c * Dar ARK Enmcv €

=
o
o

Radial Velocity
Transit Photometry
Direct Imaging
Secondary Eclipse |
Transit Spectra
WFIRST RV
WFIRST New
TESS Projected
Solar System

-
<
=

=
=
"
0
©
=
-
)
£
=
=

=
o
N

-
’I\) [J

~10° 100 102 10° 1
Semi-Major Axis (AU)

Figure Credit: D. Savransky/Eric Neilsen



Planets Around Other Targets: WFIRST Bands

Planets around G2V star / Galaxies from COSMOS

_I”
color index WFIRST W835-W885 [mag]

Figure by M. Turnbull
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Jupiter
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Cahoy et al (2010)
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(wr=| T) Planet Spectroscopy Mode

Shaped Pupil Spectroscopy Mode

The IFS uses 3 18% bands to produce an R=70 spectra from 600 to

lenslet |
SPC images in 3 18% array pinhole dispersed
bands mask lenslet images

extracted data
cube

Figure Credit: JPL WFIRST CGI Team
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Orbital Phase Matters!!!



Wavelength (microns)

Lewis et al, in prep
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Cahoy et al (2010)



Disk Detection ana
Characterization



Residual speckle noise

Disk is detected at low SNR in multiple resolution elements, Binned SNR map
Planets b (2.1 AU) and c (3.6 AU) are easily seen
(peak SNR=15)

47 UMa + 30 zodi
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Figures from John Debes (STScl)
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Opportunities

Turnbull SIT Data Challenges

@SERWER
PROGRAM

Dr. Margaret Turnbull, SETI Institute
mturnbull@seti.org
Carl Sagan Center for the Study of Life in the Universe




WFIRST Exoplanet Data Challenge 2016

Goal is to Conduct “Blind” Spectral Retrieval Studies, including

In-House and Community Data Challenges.

- use assembled spectra and cubes for “blind” studies
- test extraction algorithms to find everything

- test modelers’ ability to retrieve own models
- test inter-team differences

- include placebos and non-planets
- map science yield vs spectral
resolution and SNR

th noi
- start with noisey spectra and add [ pousLE 8Lk sTupy. |

complexity gradually

- FIRST DATA CHALLENGE:
AUGUST 2016
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First Spectral Retrieval Challenge

1.0pening/Closing Dates: August 15 — November 15, 2016

Informational Telecons:
Monday July 25, at 3PM EDT = 2pm CDT = 1pm MDT = 12pm PDT
and

Thursday July 28, at 2PM EDT = 1PM CDT = 12pm MDT = 11am PDT

2. Distribute several planet spectra with range of possible planet
parameters (temperature, clouds, H20, CH4, NH4) — both for
known RV systems and discovery planets (Hu, Cahoy, Lewis)

3. Include appropriate stellar spectra for division

4. Add instrumental noise

5. Explore SNR at 5-20, R from 25 - 70

6. Distribute via IPAC

/. Interpret findings in terms of parameters relevant to the SRD
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