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Concept Objectives

§Science Direct imaging and spectroscopy 
of Earth-like exo-planets

§Engineering Maintain requirements with current 
class of technologies

§Scalability Offer compelling science even at
designs that may fit into the NASA 
probe class
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Spectral Radiance of Earth and Sun at 1 Parsec

Characterization in Mid-IR is Easier
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Visible 
Contrast

10 Billion to 1

Mid-IR 
Contrast

10 Million to 1

§ Earths are brightest at 10um   

10-30x Faster to Detect

§ 10-7 contrast permits 10-nm 
tolerances not picometers

> 1000x relaxation

§ Access to many important 
chemicals signatures

Water, Ozone, Ammonia, 
Methane, Silicates, NO2, and 

CO2

It just has to be big and 
cold…

Solar Radiance

Full-Earth ReflectedCrescent-Earth Reflected

Earth-Emitted
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TS=10000K
TS=5750K
TS=2500K

Planet 
Albedo
Cases

B1 = 700-840nm      
B2 = 7.5-12.5um

Planet 
Temp (K)

Stellar Contrast
B1 B2 Ratio

57
50

K 
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ar

Average Earth 300 5.2E-10 7.6E-08 146
Albedo: B1=30%  B2=30%

Sand Planet 300 4.5E-10 1.0E-07 230
Albedo: B1=26%  B2=4%

Water Planet 300 5.2E-11 1.1E-07 2050
Albedo: B1=3%  B2=1%

Tree Planet 300 8.7E-10 1.1E-07 123
Albedo: B1=50%  B2=1%

Snow Planet 265 1.6E-09 5.6E-08 36
Albedo: B1=90%  B2=4%

Visible Band Observing Full-Earth 

Mid-IR Band Observing Any-Phase Earth 

Mid-IR contrast benefits from cooler stars -but- habitable zone worsens
TRAPPIST-1 at 2511K has a habitable zone of ~ 0.03 to 0.05 AU

Water Planet

Sand Planet
Tree Planet
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ExoSpinAp Approach

§Synthesize the large aperture by…
§ Linearize aperture to minimize fabrication requirements
§ Segment primary mirror to enable compact deployments or 

on-orbit assembly
§ Use laser metrology trusses to actively stabilize optical 

architecture
§ 5-10 nanometer tolerance needed

§Puts resolution only where its needed…
§ Collecting area maximally leveraged for resolution
§ Rotate aperture to map out discovery space about star
§ Upon full-rotation entire FOV is mapped out with 1 DM
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A Strip Aperture Resurgence
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Scene

Single Frame 

Measurement

PMAP Processed

Spectrum TPFC found that 
with Strip-Apertures

– 40% more collecting 

area for 8% more 

PM

– Planet PSF 50% 

more compact

– 2X Science over the 

8x3.5m baseline!

Primary Mirror + Lyot Stop

TPFC 
Baseline

TPFC 
Baseline

Circa 
2005

1997: Aperture Synthesis w/PMAP 2005: TPF-C Was Becoming Linearized

2018: REIF-Sat Cubesat Demo Concept

sunshade
not shown

Secondary
Mirror

Solar Panel

PM launch support
Structure

Passive Primary Mirror
Coarse deployment

Inertial reference
System and star trackers

Spacecraft
Bus

Communication
Antenna

PIVOT AND
SUPPpiT
STRUCTURE

Stowed

owl)
` , Delta IV -H

Long fairing

Passive Primary Mirror
Coarse deployment

ROTATqN

IOCKOOM.N N
OPERATICNAL
POSNION

 

 

As mentioned in section 2.3 and 2.4, all full scale technology development for this 10m RSA variant has been 
demonstrated and includes detailed design and analysis.  The single exception of the full scale demonstration is the 
fabrication of a 10m x 1.25m monolithic primary mirror.  However, existing U.S facilities, for example, at UTC 
Aerospace Systems (UTAS) can support production and testing of a 10m monolithic mirror and integrated telescope.  
The UTAS facilities can support fabrication and testing of lower aspect ratios than 8:1 (larger collecting area) integrated 
telescopes. 

 
 Figure 13: A 10m RSA design stowed in the EELV long fairing, and deployed.  For Clarity, the deployable 
sunshades are not shown. 

2.6 Potential benefits to Origins Space Telescope (OST) 

As a work in progress, the OST study team prioritized the top 32 far infrared science missions. Based on mission 
resolution requirements, the OST team also provided the necessary circular aperture sizes for each mission10. The 
resolution requirements led to challenging large aperture diameters ranging from approximately 4m to 50m. The goal 
diameters for the top 10 ranked missions ranged from approximately 4m to 15m, and threshold sizes ranged from ~ 4m 
to 10m11. Figure 14 plots the apertures size based on resolution requirements versus the ranked priority for the OST 
mission. 
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J.J. Green
ICIP ‘97

D. Miller et al, MIT/SSL 2018

2017: Revolutionary Astrophysics 
using an Incoherent synthetic 
optical aperture 

2018: Rotatable Aperture 
Coronagraph for Exoplanetary 
Studies

S. Chakrabarti, et al.
RACES, AAS Jan 2018

G. Rafanelli et al, 
RSAS, SPIE 2017
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Architecture Overview
Strip 

Aperture 
Telescope

Asymmetric 
Pupil Relay

Pointing and 
WF Control

Starlight 
Suppression

Spectrometer

2-D Multiband 
Imager
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Remaps pupil 
into small 

square form 
factor

Relay for Steering 
and Deformable 

Mirrors

Steering 
mirror

32x32 DM

Occulter

Forward PIAA 
Optics

Inverse PIAA 
Optics

Imager

Anamorphic Pupil 
Remapper

1-D Phase-
Induced Aperture 

Apodization
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78.13   MM   

Linearized PIAA Approach
Strip 

Aperture 
Telescope

Asymmetric 
Pupil Relay

Pointing and 
WF Control

Starlight 
Suppression

Spectrometer

2-D Multiband 
Imager

ExEP Technology Colloquium 8

Forw
ard

 

PIAA O
ptic

s

Inv
ers

e 

PIA
A O

pti
cs

PIAA:  Phase-Induced Aperture Apodization

1.4 l/D
Linear-Bar
Occulter

PSF at Occulter

1-D Linear 
Gaussian 

Remapping
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7.5-12.5 um Control of Static

Sensitivity to 
Dynamic Segment 

Aberrations
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Observation Concept
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16-meter Example
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Characterization Potential

ExEP Technology Colloquium 11

7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5
0

50

100

150

200

250

Wavelength (µm)

Si
gn

al
 L

ev
el

 p
er

 2
0n

m
 C

ha
nn

el
 (e

le
ct

ro
ns

)

Measured Planet Spectra

 

 
Planet + BG
BG OnlyH2O

CH4

O3

S2O

NH3

§ Atmospheric Retrieval
§ Water Vapor, Methane, Ozone, 

Ammonia, Hydrogen Sulfide, 
Sulfur Dioxide

§ Surface Temperature  
Emissivity Separation

§ Surface Mineralogy
§ Silicates, Oxides, Sulfates and  

Hydroxides

§ Temporal and Rotational 
Characteristics
§ Scan Repeat every 60-90min 
§ Observe spectral evolution as 

water, land and clouds vary. 

N2O

16m Aperture with 20nm/channel
60 min/scan and 36 second/frame
Earth-Sun Analogy at 1 Parsec

CO2
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Catalog Performance
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Remarks
§ Mid-IR is best place for exo-planet 

characterization  
§ Rich in spectral features
§ Good intensity and contrast 

§ Mid-IR permits practical designs over visible 
approaches
§ 1000x Contrast Relaxation nano –not- pico meters 
§ 30x Time Relaxation

§ Linearize Telescope and Starlight Suppression
Maximize Performance with Minimum Hardware
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Key Enabling Technologies
§ Telescope

§ 1x1m Segment Fabrication (15-30 nm class) JWST Size / Quality
§ Segment/SM RB actuations (mm - 10nm) Demonstrated by JWST
§ Segment Control (10-20nm class) Demonstrated by JWST
§ Deployable/ Assemble   (meters to < mm) Follows aspects of OpTIIX concept
§ Laser Metrology Trusses Demonstrated bySIM and other 

Testbeds

§ Thermal Control
§ Conformal Deployable Shade (maintain OTA at ~55K)

§ Pointing and Wavefront Control
§ Pointing-Mirror (0.1 urad rms in hi-res axis for 32m concept)
§ High Density Deformable Mirror HCIT, Starfire, Palomar (but cold…)

§ Starlight Suppression and Control
§ Linearized PIAA Optics for 10µm Potential for relaxed fabrication specs
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