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Coronagraphy and external occulters

• Internal coronagraphs

‣ masks, apodizers etc

‣ deformable mirrors

‣ wavefront control, stability

• External occulters

‣ external starshade

‣ deployment

‣ formation flying
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External Occulter white light shadow suppression in air
(Uof Colo)

Visible nuller monochromatic @ 3.5λ/D (JPL)
PIAA monochromatic @ 2λ/D in air (Subaru/ARC)

Visible nuller 15% bandwidth @ 3.5λ/D in air (JPL)

Contrast Starlight 
Suppression Optical vortex monochromatic @ 2λ/D in air (Arizona/JPL)

Shaped pupil mask 2% @ 4λ/D in vac. (Princeton/HCIT)
Shaped pupil 10% bandwidth @ 4λ/D in vac (Princeton/HCIT)

Technique

Jupiter

Earth

Band-Limited Metallic 10% bandwidth @ 4λ/D in vac (JPL/HCIT)

Approximate         
Range of 
Detectability

4th Order Band-Limited monochromtic @ 4λ/D in vac (JPL/HCIT)

TECHNOLOGY  MILESTONE   LEVEL

Vector vortex 2% bandwidth @ 3λ/D in vacuum (JPL/HCIT)

Hybrid Band-limited mask 20% @ 4λ/D in vac. (JPL/HCIT)
Hybrid Band-limited mask 10% @ 3λ/D in vac. (JPL/HCIT)

APLC 20% bandwidth @ 5λ/D in air (GPI)

M. Levine, 2009
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NASA mission concept studies (ASMCS)

• Several concept mission studies relevant to coronagraphy

‣ ACCESS (medium,  1.5m )

‣ PECO (medium, 1.4m)

‣ EPIC (medium, 1.65)

‣ DAVINCI (large, 4x 1.1m )

‣ NWO (large, 4m + starshade)

‣ THEIA (large, 4m + starshade)

‣ ATLAST (large, 8/9.2/16m + coronagraph/starshade)

• Orbits: drift away heliocentric, L2
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Medium size missions

8

ACCESS observatory: 
1.5 meter - 
unobscured off-axis  
gregorian telescope

9

ACCESS gamut of 
coronagraph types

The four major coronagraph types perform starlight rejection with combinations of 
phase and amplitude elements placed in focal and pupil planes.  Best demonstrated  
laboratory contrast to date (March 2009) are indicated at right, while noting that 
significant improvements are expected this year as an outcome of active laboratory 
developments with well-understood technologies.   

• Direct imaging of exoplanets

‣ photometry, colors, low resolution spectroscopy

‣ RV planets, Super Earths? 

‣ exozodiacal disks
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Univ. of Arizona Ames Research Center
PECO spacecraft & instrument

1

EPICEPIC

ExtraSolar Imaging Planetary
Coronagraph (EPIC)

Missions for Exoplanets

Pasadena, CA
April 21-23, 2009

M. Clampin, R. Lyon (GSFC)

G. Melnick, V. Tolls (SAO/CfA)

M. Shao, M. Levine (JPL)

R. Woodruff, G. Vasudevan (LMCO)

S. Kendrick (BATC)

ACCESS

PECO EPIC
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EPICEPIC

VNC is Hybrid of interferometer

where baseline separation

is emulated by shearingemulated by shearing
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Visible Nulling Coronagraph PrincipleVisible Nulling Coronagraph Principle

EPIC has X-shear followed by Y-shear (2 nullers in series)

T
4{ }
~ !

4

IWA =
1

s

!

2D

s = 0.25 => IWA = 2
!

D

Sky

Transmission

P
E
C
O

 P
u
p
il
 m

a
p
p
in

g
 E

x
o
p
la

n
e
t 
C

o
ro

n
a
g
ra

p
h
 O

b
s
e
rv

e
r

Univ. of Arizona Ames Research Center

Utilizes lossless beam apodization with aspheric optics
(mirrors or lenses) to concentrate starlight is single diffraction
peak (no Airy rings).

- high contrast
- Nearly 100% throughput
- IWA ~2 l/d
- 100% search area
- no loss in angular resol.
- achromatic (with mirrors)

More info on : 

www.naoj.org/PIAA/
Guyon, Pluzhnik, Vanderbei, Traub, 
Martinache ... 2003-2006

PECO uses highly e!cient PIAA 
coronagraph (equ. x2.5 gain in tel. diam.)
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large missions
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M.Shao , B. M.Levine, G. Vasisht, C. Zhai, J. Sandhu JPL, B. F. 
Lane, Draper Labs, R. Woodruff, G. Vasudevan, Lockheed-Martin, 

R. Samuele, Northop Grumman, K. Havey, ITT, M. Clampin, R. 
Lyon, NASA/GSFC, O. Guyon, U. Arizona, V. Tolls, SAO, 

Dilute Aperture Visible Nulling Coronagraphic Imager 
(DAViNCI"#
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NWO Science Telescope25 Aug 2008
7

The New Worlds Observer

• The telescope is shaded from the star by the starshade
– Beside a vanishingly small residual signal, starlight never enters the telescope

Starshade

100% of the planet light still reaches the telescope

ATLAST Concepts

8-m Monolithic Primary 
(shown with on-axis SM configuration) 9.2-m Segmented Telescope

16.8-m Segmented Telescope

36 1.3-m hexagonal mirror segments 

36 2.4-m hexagonal mirror segments 

• detection / characterization of terrestrial planets

‣ enables spectroscopy

‣ identify biomarkers

‣ other planets, disks etc.
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Access to orbit

• Dedicated launch

‣ e.g. Atlas V, Delta IV

‣ Ares V if developed

‣ Commercial companies?  

• Secondary payload

‣ ideas for small payloads?

‣ smaller coronagraphs? 

• Technology development if access to orbit is cheap

‣ starshade deployment

‣ small telescopes

‣ experiment with DM
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USES

Highly Responsive payload hosting 
Sensors/apertures up to 3.5m diameter 
Instruments and sensor testing 
Spacecraft deployment 
Space physics and relativity experiments 
Radiation effects research 
Microgravity research 
Life science and biotech studies 
Earth sciences and observations 
Materials and space environments research 

DRAGON SPACECRAFT SYSTEM

Fully recoverable capsule 
Trunk jettisoned prior to reentry 
6000 kg total combined up-mass capability 
Up to 3000 kg down mass 
Payload Volume: 

7 – 10 m 3 pressurized
14 m 3 unpressurized

Mission Duration: 1 week to 2 years  
Payload Integration timeline:  

Nominal:  L-14 days 
Late-load:  T-9 hours 

Payload Return:  
Nominal: End-of-Mission + 7 days 
Early Access:  End-of-Mission + 6 hours 

TYPICAL INTEGRATION TIMELINE

ATP

L: – 5 Mth – 3 Mth – 1 Mth – 2 Wks

Launch

EOM + 1 Wk

ICD Fit Check

Payload 
Integration Return

OVERALL DRAGONTM CAPABILITIES

Dragon is a free-flying, reusable spacecraft capable of hosting pressurized and unpressurized payloads. Subsystems 
include propulsion, power, thermal control, environmental control, avionics, communications, thermal protection, flight 
software, guidance, navigation & control, entry, descent & landing, and recovery.

DragonLabTM

Fast track to flight.

Image Credit: NASA
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new ideas?

• one year flight with extended sounding rockets? 

• secondary payloads 

• very small payloads?

• technology development if very cheap?
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