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Starlight Suppression is the Key Technology In the
Search for Life on Earth-Size Exoplanets
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WFIRST

‘Wide-Field Infrared Survey Telesc;ope —
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Exoplanet detection
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WEFIRST
Dark Energy, Alien Worlds

WFIRST in Formulation Phase
Managed by Goddard Space Flight Center

Next NASA Key Decision Point (KDP)-B Sept
2017

Coronagraph Instrument baselined for exoplanet
direct imaging and spectroscopy. Managed by
JPL

Formulation Science Working Group and
Science Investigation Teams underway (two for
coronagraph: Macintosh, Turnbull)

Project received APD direction (June 2016) to
Incorporate starshade compatibility into Phase A
DRM — for SMD decision following SRR/MDR




Towards the Detection of Exo-Earths
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How a Coronagraph Works



Coronagraph/Telescope Technology Needs

Contrast

== ~~. __--Angular Resolution

Coronagraph
architectures

Deformable mirrors

Large monolith

HSTNICMOS with addionsl processing

Segmented

Wavefront

. sensing and control ) . )
Ultra-low noise visible and infrared detectors

Segment phasing and rigid body
sensing and control



Segmented Coronagraph Design Analysis
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Starshade Concept



STy, tarshade
/,diameter 34 m

Separation distahce
30,000 - 50,000 km
+250 km
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Starshade Technology Needs

Light Suppression Formation Sensing

. _ and Control

\

Deploymlent Accuracy and
Shape Stability

Suppressing diffracted light
from on-axis starlight
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Desert Testing of the Starshade

Northrop Grumman Aerospace Systems
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Desert Testing of the Starshade
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Desert Testing of the Starshade

(-

T}
)
/4]
O
©
c

)

by s
74)
O

o

Y
(-]
Q

-50 0 50 100 150 200
Position [arcsec]

Northrop Grumman Aerospace Systems



\ nner Working Angle [arcseconds)
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Optical Demonstrations at Princeton University

Mask
'S.tation

Laser
Station

Camera
Station

Station

Jeremy Kasdin (Princeton)



Starshade Technology Needs

Formation Sensing
. _ and Control

Suppresging scatted light off petal
edges from off-axis Sunlight

NG

\

Deploym'ent Accuracy and
Shape Stability

Suppressing diffracted light
from on-axis starlight

Fabricating the petal
Y to high precision
Positioning the petals to high precision, blocking on-axis starlight,

maintaining overall shape on a highly stable structure 19



Inner Disk Prototype Deployment Trial at JPL




2 m Optical Shield Prototype Deployment Trial at JPL




5 m Origami Optical Shield Deployment Trial at JPL




5 m Origami Optical Shield Deployment Trial

(approaching flight-like materials)




Starshade Technology Needs

Starlight Suppression

N

Formation Sensing
. _ and Control

Suppressing scatted light off petal
edges from off-axis Sunlight

Maintaining lateral offset requirement
between the spacecrafts

\

Deploym'ent Accuracy and
Shape Stability

Suppressing diffracted light
from on-axis starlight

Fabricating the petal
to high precision

Positioning the petals to high precision, blocking on-axis starlight,
maintaining overall shape on a highly stable structure 24



2017 EXEP Technology Plan Appendix
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Starshade Technology Gap List

Curreat
Current
i design has
=102 mean raw

Scattered

haping op
provide starlight
Sunlight o

3-16 3 = 30/D as
and planet ’ b . 1 th on obscured o
egmented pup

Low-Order
Warefront varying large-scale [ ensed and corrected ina
jer] optical aberrations  stable vacuum
environment with a

Demonstration ar p e
Optical Model : tha Fresnel number of -5 3«10 at Fresncl
Validati : . to contrasts of 3x10 numbers £ 50 over 510-
-Farmat
Utra-Low
Lateral vl
Formation
lying Sensing
Accur

Nise Visible
tion with an
Integral Fiekd
sectrograph.
Maturation of deformable
vard
flight readines

vefrant
chie

Demonstrate a high-
delity, Might-Ek
dee petal and its

2
iterations {10

107 in the
achieved by HST and by ible where amplitude errors
ground-has are expected to no longer be

Tate
tolerances wi
minimum hal
disk,

rpetals, no blankets,  petals, blankets, and
fo cutrigger struts,and  interfaces tolaunch
nio launch restraint. restraint.

http://exoplanets.nasa.gov/exep/technology/gap-lists/ 25
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