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WFIRST-AFTA coronagraph development for high-contrast direct imaging 
of mature exoplanet systems in reflected starlight
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• The WFIRST-AFTA mission will 
enable, for the first time, the 
science of direct imaging and 
spectroscopy of cool mature 
planets from space, while 
responding to new engineering 
challenges

• High contrast imaging at the 
1e-9 level requires a space 
platform for unprecedented 
telescope wavefront stability

• High contrast imaging requires 
complex (amplitude and 
phase) wavefront correction

• Refinements to the 
coronagraph designs continue, 
as ongoing engineering 
analyses provide improved 
knowledge of the AFTA 
telescope performance.

Managing the Wavefront for High Contrast Imaging from Space
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Motion of the Sun
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The*Detector*Interferometric*CalibraCon*
Experiment:**

a*demonstraCon*of*subFµas*astrometry*for*
nearby*exoFEarth*detecCon*

*
Antoine*Crouzier,*Fabien*Malbet,*François*Hénault,*DICE*team*

Poster*#66469*
*

Sun shades

Off axis parabolic mirror (Ø 1m)

Detector
spacecraft

Telescope
spacecraft

Focal plane array (Ø 0.4m, FOV ~ 0.6°)

Focal length (~40m)

Metrology
laser source

Telescope axis
laser source

Metrology fringes

vendredi 18 mai 12

NEAT%concept%
(2010%ESA%proposal)%



Pseudo%stars%

Metrology%
(Moving%young%
fringes)%

CCD

Translation stage
Water cooling

Fiber 
support

Invar bench PeltierLiquid core fiber

Pinhole mask support
Metrology 
fiber holders

Zerodur bench
Metrology fibers

Mirror/diaphragm
Baffle

Centroid common motion

d

DICE*(Detector*Interferometric*CalibraCon*Experiment)*



Speckle Area Nulling (SAN) 
for  dark-hole adaptive optics control
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The SAN worked by Lyot mask and Vortex mask coronagraph
The contrast was reduced by 2.5-3 orders of magnitude.

Simulation result

without Optical Model 
Quick Reduction at Wide Area 

The speckle Area Nulling(SAN) Algorithm
The SAN is one of the dark-hole algorithm,

and it is  an extension of Speckle Nulling.

DPSS Laser
(532, 642, 671)
Diode Lazer
(705nm)

Objective
Lens (x20)

Li
gh

t s
ou

rc
e

Single-mode
fiber

f200

Entrance Pupil
(φ=3.5mm)

polarizer

f200

Lyot-stop

Achromatic Vector Vortex Coronagraph
(UNI stage)

Q
W

P
A

nalyzer

Q
W

P

A
xially-sym

m
etric

half-w
ave plate

Lyot-stop

QWP

Analyzer QWP

polarizer

Axially-symmetric
half-wave plate

A
ch

ro
m

at
ic

 V
ec

to
r V

or
te

x 
C

or
on

ag
ra

ph
(C

or
on

ag
ra

ph
 s

ta
ge

)

CCD

DM1

DM2

f70

Fig.1 Optical layout
In this experiment was not used. 

Experimental setup

Axially symmetric half-wave plate
(vortex mask)
(N.Murakami,2013,Opt.Express)

Light source

・Deformable Mirror    : 12x12 BMC
・Coronagraph : Achromatic Vector Vortex Coronagraph

1

Initial WF error = /600 (rms) + 0.3%amp (rms) 
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GAR(Gradual Area Reduction) Result

The SAN was successfully wide area of  speckle and quick reduction in experiment.
The intensity of areal speckles were reduced by 4.4E-2 (@0.97-4.4λ/D).
GAR was successfully, and the contrast was improved 0.3 orders of magnitude(@2.1-3.3λ/D).

control  area(0.3[λ/D/pixel])To be published
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A comprehensive direct imaging exoplanet technologies 
demonstrator in space 

•  PIAA coronagraph, (possible Vortex and Phase 
APP)  

•  Deformable mirror and space qualified controller. 
•  Multi-Star Wave front control. 
•  Low Order Wave front Sensor. 
•  Photon counting cameras. 

Mission Time 
Life and Orbit 

APRA or MoO, 1-Year. 
Low-Earth, 800km Sun Synchronous 

Spacecraft Bus Millennium SS Bus (30x30x30 cm) 

Telescope Unobstructed 15cm, Full Silicon Carbide 

Coronagraph 
architecture 

Baseline: PIAA Embedded on 
Secondary and tertiary telescope mirror. 

Coronagraph 
performance 

1x10-7 raw     5x10-9 @ 1.0” (With ODI) 
                     1x10-9 @ 1.2” 

PI: Eduardo Bendek, DPI: Ruslan Belikov 
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WFIRST'Coronagraph'Instrument'Summary

Planned'to'be'the'first'ac<ve,'high'contrast'coronagraph'in'space
• 2nd instrument on WFIRST-AFTA mission, planned 

2016 Phase A start, 2024 launch option
• 2.4 meter obscured pupil telescope
• Occulting Mask Coronagraph (OMC) architecture:

– High contrast imaging using precision wavefront 
sensing and control

– Shaped pupil and hybrid Lyot coronagraph modes
– PIAACMC is a backup
– 2 deformable mirrors (Xinetics)
• Exoplanet direct imaging technology demo
• Precursor science for future exo-Earth mission

• JPL led team with participation from many US 
institutions:

Princeton University, University of Arizona,
NASA Goddard, NASA Ames, STScI,
Caltech/IPAC, Northrop-Grumman Xinetics



WFIRST'Coronagraph'Technology'
Demonstra<on'Sequence

• 9 key milestones set by NASA for 2014-2016. 
• Progress reviewed by independent Technical Analysis Committee
• Successfully met first 4 milestones; Technology development program on track


