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= Starshade History (1960-2013)

— Proposed by L. Spitzer in 1962

— Reuvisited each decade, including a
revitalization by W. Cash in 2000s

= Probe Study (2013-2015)

— Directed by NASA HQ to develop a
mission concept under $1B, with other
programmatic constraints

— The Probe Study two concepts

* The Dedicated Mission”, a 30 m
Starshade and 1.1 m telescope co-
launches

* The Rendezvous Mission, 34 m
Starshade launches and meets up
with WFIRST

» Other Studies (2015-present)
— Extended Probe Study (2015) S‘aS“adePObeC'aSS
— Starshade Readiness WG (2016) C ewnrom wworzos
— HabEx Flagship Study (present)
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Simulated spectra for the Rendezvous
mission, with three representative 10%
error bars for SNR=10.

Exo-S Science Goals

APL
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Discover new exoplanets from

giant planet down to Earth size

spectra (R=10 to 70)

Characterize new planets by

Characterize known giant planets

by spectra (R=70) and constrain

MasSSeS

known planets
A DRM “proof of concept” shows

feasbility

Study planetary systems including
circumstellar dust in the context of
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g ol Study Goals: Update the previously AP
completed Starshade Rendezvous
concept study

» Science and Observing Strategy

— New scientific vision: “Deep Dive” direct
imaging exploration of planetary systems
orbiting the nearest sun-like stars in a
search for Earth-like planets

— Assess the full science potential of each
system including the diversity of planets
and locations of dust/asteroid belts

— (Incorporate findings from the WFIRST

SITs for complementarity with CGl WFIRST/AFTA + Starshade simulated image of
Science) Beta Canum Venaticorum 8.44 pc, GO05 plus
solar system planets. Image credit: M. Kuchner

» Update EXO-S Study with advances in S-5 Technology Project and W-
First Accommodation Study

= JPL and GSFC are internally investing in additional maturation
« Increase maturity of the study report and engineering concept definition
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WFIRST/AFTA + Starshade
simulated image of

Beta Canum Venaticorum
plus solar system planets
(8.44 pc, GOV)

® Jupiter

Background

Hypothetical dust galaxy

ring at 19 AU

Image credit: M. Kuchner
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Key Science Activities

N o

Study Kick-off 07-20-17  Telecon

Science Working Meeting 08-02/03-17 Pasadena, CA

Science Meeting: Giant Planet Metallicity 10-12/13-17 Newark, NJ

Science Meeting: Biosignature Gases 10-31-17 Pasadena, CA

Science Meeting: Identifying Water 12-08-17 Cambridge, MA

Science Meeting: Dust Disks 01-12-18  National Harbor, MD

Science Meeting: Science Traceability Matrix 03-??-18  Pasadena, CA

= \Weekly science telecons
= Mission phase is ramping up
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Study Top Level Schedule

Science Phase

* Guide posts

* Mission Phase Plan

* End-to-End Performance Model

and Error Budget
* Trade Study List
* Tech Eval Plan
* "Guide posts”
* W-First Accommodation

* Draft Target Stars
* Draft DRM
* Draft STM

* Updated Target Stars
* Updated DRM
* Updated STM

\ 4

Mission Phase

* Team-X
* Key and Driving Requirements
* Key Trades v

SJPL

* Updated Cost
* Updated Risks

* Risks
* First Draft Cost

Report Phase

* Final Report
* Final Briefing

\4

I I
06/17 07/17

1/18 06/18

v

09/18
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WFIRST/AFTA + Starshade
Simulated image

Marc Kuchner 2014

WFIRST/AFTA can be made
starshade ready with minimal
modification to instrumentation
and spacecraft

» ) Jet Propulsion Laboratory E X0 _S S umma ry J pL

* Contrast and IWA
accomplished by the
starshade and not the
telescope

« A compelling, flexible
scientific program

Emphasis can be placed on discovery of

exoEarths, or on characterization of larger
planets.

« Starshade design and
requirements

Design has been optimized for IWA and
limiting sensitivity as well as engineering
constraints

Tolerances of petal shape and deployment
positions are typically in the range of 10s to
100s of microns

Several key starshade requirements have
already been demonstrated
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« WFIRST/AFTA can be leveraged for a unique and timely opportunity

The Starshade Rendezvous Mission can access up to 50 target stars for exoEarths in the HZ
«  WFIRST/AFTA starshade readiness requires minimal modification

« Starshade technology is on track for TRL 5 by 2017 for a new start by 2018

« Rendezvous Mission cost estimate $627 M

WFIRST/AFTA + Starshade
Simulated image

Marc Kuchner 2014

The technical data in this document is controlled under the U.S. Export Regulations, release to foreign persons may require an export authorization.
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Introduction: History

Starshade-WFIRST Rendezvous Mission Options
[ |
Extended Probe Study (2015) N B ot o
— Designs outside of the Probe-class e Enhanced
| | orbits and disentangle background $900M
— 20 m Starshade 5 | objectsandotherplanets 0
https://exoplanets.nasa.gov/ 1 g:ggg:;
internal_resources/225/ E
5 i Extended Study Case Study
= SSWG (2016) g ] $45°0M sgm
i i § Confirm= 1 Confirm= 2
— Starshade Readiness Working Group i | No soncesand Sacen
— Goal: recommendation for a plan to validate = 2 eesnie
starshade technology | el
. 1+ 9 .
— Conclusion: no space-based technology | | Detectz1 et b
demonstration needed ! ’ ' —>
— htitps://exoplanets.nasa.gov/exep/studies/ 10 20 - 40 50

Starshade Diameter(m)

sswq/
= Note: Exo-S Probe Update (2017)

— Report changes since Exo-S report (science
cases, yields, technical readiness, costs)

— No Rendezvous, focused on stand-alone
Dedicated Mission two spacecraft co-launch

— E. Mamajek, lead Page 16
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= Probe Study (2013-2015)

— Directed by NASA HQ to develop a
mission concept under $1B, with other
programmatic constraints

— The Probe Study two concepts

 The Dedicated Mission”, a 30 m
Starshade and 1.1 m telescope co-
launches

* The Rendezvous Mission, 34 m
Starshade launches and meets up
with WFIRST

— Science case included

« Search for new exoplanets from
giant down to Earth-size

« Spectra of known giant exoplanets

o ClrcumSte”ar d|SkS Starshade Probe-Class

« DRM was intended as a sample
observation strategy

APL
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A (nm) BW AN Anin (NM) | A, (NM)
488.5 26.0% 127 425 552
Starshade 707.5 26.1% 185 615 800
Science 728 19.8% 144 656 800
Bands 0
884.5 26.1% 231 769 1000
910 19.8% 180 820 1000
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Key Capabilities
Instruments: Wide-Field Imager, Integral Field Spectrograph, Guide Camera
Observing Bands
Case Study Parameters
Blue Green Red
Rendezvous Mission Bandpass (nm) 425-602 600-850 706-1000
20m inner disk IWA (mas) 70 100 118
28 Tm petals Separation (Mm) 50 35 30
Dedicated Mission Bandpass (nm) 400-647 510-825 618-1000
16m inner disk IWA (mas) 80 100 124
22 7m petals Separation (Mm) 39 30 25
FoV (arcsec) Throughput Contrast at inner working angle
Imager IFS Imager | IFS consistent w/ error budget
10 2 A A Dedicated: 5x 10°10
o : A e Rendezvous: 1 x 10710

Exo-S Final Report to NASA APS - March 18. 2015
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Design Reference Mission Strategies
* Planet detection

— Green band observation with IFS
— Divided into 3 channels for multi-color imaging

— SNR =4 per channel

* Planet characterization
— SNR =10, R=10 to 70 per spectral resolution element

= If dust level high, obtain wide-field image then move on

Study Case Theme Mission Propulsion| Defining Characteristic

Case 1l "Earthsin HZ" 1.1 m Dedicated SEP AEEE obseryatlc?ns E5E0

on Stellar Luminosity
" : Observe all stars to limiting
Maximum Planet : A
Case 2 . 1.1 m Dedicated SEP sensitivity im~®mag=26
Diversity

(contrast of 4e-11)
Effici i

Case 3 "Earthsin HZ" |[2.4 m Rendezvous| Bi-prop iclent obseryatlc?ns based
on Stellar Luminosity

Exo-S Final Report to NASA APS - March 18. 2015
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Key Capabilities
Instruments: Wide-Field Imager, Integral Field Spectrograph, Guide Camera
Parameters Observing Bands
Blue Green Red
Bandpass (nm) | 425-602 | 600-850 | 706-1000
WA (mas) 70 100 118
Separation (Mm) 50 35 30
FoV (arcsec) Throughput Contrast at inner working angle
Imager IFS Imager | IFS consistent with error budget 1 x

10 2 28% 229% 10-10
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1. Schedule known giant planet observations
2. Fill in gaps on sky with highest priority blind search target
3. Repeat with lower priority targets until fuel or time limit reached
4. Reserve 39 year for follow-up / additional characterization revisits
T
jg : cta CVn A End Year 1 :
o L 7(2 =
E 28— 4/ ENI OpmuczmA\ ]
S 20r Start /o$/1 onr delta Pavonis 3 _epsil j
28: W 2Elr‘izlam Year 1 ) o 25 i :
: 051gqna Draconis | | | Q#_—If 8 31
i 9 4 I l | | l I _
oSV & X gg ~T,
4’:8: ES?SSWPC'SAM Yoan i g:glt:leptune kiisBootis A46 7 N\ 61 g%fn & :
0 & Jupiter 43 ]
-20 \\‘{au e ® Known Jupiter e
24% 7 82 Eng:;ll Yt | —pam Year 2 : S3A
pt T | | | | | | f ¢ ]
90 135 180 225 270 315 360

Ecliptic Longitude
Two-year sequence, 55 stars visited
12 known giant planets. Blind search targets: 28 Earths, 7 sub-Neptunes, 8 Jupiters



