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NASA	flagship	class	mission	concept	for	the	2020	Decadal	review.		
Comes	from	the	NASA	Astrophysics	Roadmap.	

•	<6	μm	–	600	μm	(diffraction	limit	around	20-40	μm)	
•	4.5-5K	actively-cooled	8-13m	aperture	operating	at	L2	
•	large	gain	in	sensitivity	=>	new	spectroscopic	capabilities	
•	exoplanet	study	capabilities	via	a	mid-IR	coronagraph	
•	modular	instrument	suite	with	robotic	serviceability	at	L1	
•	Mission	aimed	at	mid	2030s:	post	JWST,	concurrent	with	WFIRST,	
Athena,	LISA,	and	25m-35m	ground-based	optical/IR	facilities.		
•	Science	goals	and	measurement	requirements	in	2030+
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How did we decide on the Origins Space Telescope?

	(1)	Define	Science	
(consider	2018-2035	
science	developments;	
science	goals	for	2035)

	(2)	Prioritize	science	
(STDT	internal	voting	
process	-	completed	
August	2016	meeting)

	(3)	Derive	mission	and	
instrument	requirements	
(Completed	Nov	2016	
meeting)

Science	process	is	through	five	science	working	groups	(SWGs).	Membership	in	
SWGs	is	open	to	the	community.			
(about	150	community	members	active	already!	SWG	listings	on	our	website)	



• Solar System: Stefanie Milam  

• Planet Formation and Exoplanets: Klaus Pontoppidan and Kate Su   
 (Exoplanet science study led by Eric Nielsen, Tyler Robinson) 

• Milky Way, ISM and Nearby Galaxies: Karin Sandstrom and Cara Battersby 

• Galaxy Evolution over Cosmic Time: Lee Armus and Alex Pope  

• Early Universe and Cosmology: Matt Bradford and Joaquin Vieira 

Science Working Groups 



Aug 11 2016   Killer Apps Vote 1 - Averages (FIR Surveyor) 

Science Case - Number and Title Averag
e St. Dev. Min Max Range

19. The Rise of Metals 8.78 0.94 7.00 10.00 3
9:  Water Content of Planet-Forming Disks 8.72 1.67 3.00 10.00 7
27. The First Dust 8.72 1.45 4.00 10.00 6
15: Direct Detection of Protoplanetary Disk Masses 8.17 1.89 3.00 10.00 7
14. Super Earth Biosignatures And Climates 7.89 1.88 4.00 10.00 6
4:  Water Transport to Terrestrial Planetary Zone 7.83 1.76 4.00 10.00 6
21: Connection Between BH Growth and Star Formation Over Cosmic Time 7.72 1.71 4.00 10.00 6
26: Birth of Galaxies During Cosmic Dark Ages 7.67 2.35 2.00 10.00 8
18: Galaxy Feedback from SNe and AGN to z~3 7.61 1.50 5.00 10.00 5
29: Thermo-Chemical History of Comets and Water Delivery to Earth 7.61 1.85 3.00 10.00 7
22: Star Formation and Multiphase ISM at Peak of Cosmic Star Formation 7.50 1.79 4.00 10.00 6
7:  Magnetic Fields and Turbulence - Role in Star Formation 7.00 2.17 3.00 10.00 7
5:  Galaxy Feedback Mechanisms at z<1 6.94 1.92 3.00 10.00 7
30. Survey of Small Bodies in the Outer Solar System 6.89 2.42 2.00 10.00 8
10: Ice/Rock Ratio in Protoplanetary Disks 6.83 2.55 1.00 10.00 9
20: Role of Environment in Galaxy Evolution 6.83 2.43 2.00 10.00 8
13: Frequency of Kuiper Belt Analogues 6.67 2.00 3.00 10.00 7
23. Galaxies at Reionization 6.44 2.50 2.00 10.00 8
8:  Formation and History of Low-Mass Ice Giant Planets 6.17 1.95 3.00 10.00 7
25: Large-Scale Structure - Crucial FIR Link 6.11 2.25 2.00 10.00 8
24. Feedback on All Scales in the Cosmic Web 5.83 2.81 2.00 10.00 8
6:  Obscured AGN 5.78 1.83 1.00 8.00 7
2:  Regulating the Multiphase ISM 5.67 2.63 1.00 9.00 8
16: Jupiter and Saturn Analogues 5.61 2.40 2.00 10.00 8
28:  Planetary Origins and Evolution of the Solar System 5.56 2.28 2.00 9.00 7
17: Episodic Accretion in Protostellar Envelopes and Circumstellar Disks 5.33 2.30 1.00 9.00 8
12: Gas and Comets in Exoplanetary Systems 5.06 1.98 2.00 8.00 6
32. Find Planet IX 5.06 2.86 1.00 10.00 9
1:  Stochastic vs secular accretion in forming star 4.78 2.60 1.00 9.00 8
11: Cooling Power of Molecular Gas in Star-Forming Regions 4.67 1.85 1.00 8.00 7
3:  Star Formation Efficiency Outside the Milky Way 4.50 1.58 1.00 7.00 6
31. Comparative Climate and Thermal Evolution of Giant Planets 4.28 2.40 1.00 8.00 7

Sorted by Average Score

Initial science white papers are publicly available from https://asd.gsfc.nasa.gov/firs/
STDT will revise these and also collect more papers from community in 2017 

https://asd.gsfc.nasa.gov/firs/
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An Example Science Traceability Matrix



– Through	an	active	mission	development	working	group	(led	by	Tom	Roellig).	
– Identified	five	instruments	and	ranked	their	relative	priorities.	
–We	are	forming	five	instrument	teams	(ITs)	-	instrument	leads	identified.		
–Membership	in	ITs	will	be	open	to	the	community.	An	announcement	for	
expressions	of	interest	to	join	ITs	will	be	out	soon.		

– Industry	partners	or	substantial	industry	interest	in	the	concept	development.	
– Study	Center	(GSFC)	will	be	issuing	a	Cooperative	Agreement	Notice	(CAN)	for	
FY2017	this	month	to	formalize	industry	contributions.

Mission Study Design Implementation



Instrument	Specifications

Instrument
Wavelength	
Coverage

Spectral	
Resolving	Power		
(λ/Δλ)

Number	of	
spatial	pixels	or	
sky	beams	

Typical	Required	
Sensitivity:		 Other

Mid-Infrared	
coronagraph/
imager/IFU <6	(~2?)	to	40	μm	

imager:	R~10;	
IFU:		R>3000 	~107

photometric:	1	
μJy	@10	μm

coronagraph	
10-7-10-8		
IWA=2λ/D

Imager	+	
Polarimeter

35	to	600	μm	
(5-10	channels) R~10 ~500,000

1	μJy	-	10	mJy			
(confusion	limit)

polarimetry,	
spectral	line	
filters

Low-Res	
Spectrometer 35	to	600	μm	

low-res~500		
high-res~104 100	per	channel

10-21	W/m2	
(spectral	line) 4-5	channels

High-Res	
Heterodyne	
Spectrometer 150	to	600	μm	 ~107 	10	-	100

2	mK	in	0.2	km/s	
@	1	THz

polarized,	
background	
limited

Mid-Res	
Spectrometer 50	to	600	μm	

low-res	~	8x104	
high-res~5x105 100

10-21	W/m2		5	σ		
(spectral	line) photo-counting



• Mid-IR imager/coronagraph/IFU (lead institution TBD; possibly one of industry/JAXA/Ames): 
Tom Roellig/Itsuki Sakon (Leads),  Kim Ennico-Smith (Instrument Scientist) 

•Imager/polarimeter (GSFC led): Johannes Staguhn (Lead), Margaret Meixner (Instrument 
Scientist) 

• Low-Res Spectrometer (JPL contributed): Matt Bradford (Lead), Lee Armus (Instrument 
Scientist) 

• High-Res - heterodyne - Spectrometer (Europe contribution with CNES/France as lead):          
Martina Weidner (CNES; Lead), Gary Melnick/Maryvonne Gerin (Instrument Scientists) 

• Mid-Res Spectrometer (GSFC led): Dave Leisawitz (lead), Ed Bergin (Instrument Scientist)

Instrument Study Teams
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Actively-Cooled 
Large Aperture 

Will attain sensitivities 
100–1000x greater 

than any previous far-
infrared telescope

Potential 
Wavelength 
Coverage from  
5 µm–1 mm 

Enables observations of biosignatures in the atmospheres of transiting Earth-like planets, mid- and far-infrared 
diagnostic lines in galaxies out to redshifts of 10, and characterization of water from the Solar System to the ISM.

Unprecedented Sensitivity 

Fast mapping speed with hundreds or 
thousands of independent beams will enable 
3D surveys of large areas of sky, pushing to 
unprecedented depths to discover and 
characterize the most distant galaxies to the 
outer reaches of our Solar System.

Timeline of IR 
Space Telescopes

Origins will be an actively cooled telescope covering the infrared spectrum.  Spectrographs and imagers 
will enable 3D surveys and discover and characterize distant galaxies, exoplanets, and the outer reaches of 
the Solar System.  We would like to hear from you.  Contact us at:


email: firsurveyor_info@lists.ipac.caltech.edu      twitter: @NASAOriginsTele 
web: origins.ipac.caltech.edu  •  asd.gsfc.nasa.gov/firs

FS-2016-10-503-GSFC

Capabilities & 
Characteristics



What blank-field extragalactic sky images will look like (100 microns*)

Infinite resolution ~Herschel 
(best we have so far)

9m Origins

(*Not a wavelength observable by James Webb Space Telescope).

Previous opportunities: IRAS (1983), 60cm, 2K 
Spitzer (2003-), 85cm, 5K 
Herschel Space Observatory (ESA-led, NASA contributions) 2009-2013, 3.5m, 70K





14

What is the cosmic 
history of the 

growth of metals 
and dust?

What is the chemical 
trail and path of water 
from molecular clouds 

to proto-planetary 
disks?



15

ALMA

JWST

Infrared is rich in key spectral lines!



16Hollenbach & Tielens 1997

PAH 
H2 

CO
Molecular cloud

How do we probe the interstellar medium in high redshift galaxies?

www.astrochemistry.org/pahdb/



17Hollenbach & Tielens 1997

PAH 
H2 

CO
Molecular cloud

www.astrochemistry.org/pahdb/

Origins Space Telescope

JWST

ALMA

How do we probe the interstellar medium in high redshift galaxies?



Luigi#Spinoglio#B#ESO,#May#26th,#2015# 29#

Origins Space Telescope:
~ mid and far-IR spectra for 
106 galaxies, from starbursts 
to Milky Way-like galaxies
(2030+ -> 20 year development 
consistent with optical technology 
development to get million optical 
spectra)



Cosmic Dawn / Early Universe / Cosmology

◆	Origins	Space	Telescope	will	venture	beyond	JWST	and	image	gas	
collapsing	to	form	first	stars!		
– 	Primordial	cooling	via	H2	rotational	lines	
– 	Seeds	of	super	massive	black	holes

19

JWST/WFIRST capability is detecting first stellar emission

To detect primordial H2 line cooling at formation sites of first stars and galaxies 
at z ~10-15 Origins Space Telescope sensitivity will need to be down to 10-23 
Wm-2 in a deep field integration in rotational lines  (rest-frame 12.3,17, 28 µm)

Origins goes further!



From cosmic origins and birth of galaxies

200 Myr after Big Bang Water in planets and Solar system

To habitable worlds in our Galaxy

Tracing the signatures of life and the ingredients of habitable worlds 

Trace the trail of water from interstellar clouds, to protoplanetary disks, to Earth





What	are	the	timescales	of	gas/ice	giant	and	super-Earth	
formation?			What	is	the	total	gas	content	to	unlock	the	ability	to	
follow	the	implantation	of	C,	H,	O,	N	into	pre-planetary	
materials?.		Use	HD	to	measure	the	gas	mass	in	disks	down	to	
cool	stars	with	a	gas/dust	mass	ratio	of	unity.	

Herschel	Detection	of	HD	J	=	1-0	towards	TW	
Hya	providing	the	first	(semi)direct	contraints	on	
the	gas	mass	(Bergin	et	al.	2013)

Probing the total gas content during the time of planet formation

0.01 0.1
Dust	to	Gas	Mass	Ratio

Bergin	and	Williams	2016

0.01 0.1
Dust	to	Gas	Mass	Ratio



Traub and Oppenheimer: Direct Imaging of Exoplanets   115

ronagraph in space, designed for this purpose, as discussed 
in this chapter.

2.4.  Visible Brightness of Planet 

Reflected starlight from a planet is often assumed to fol-
low a Lambert law, which states that the light that is incident 
on a surface, from any direction, is reflected uniformly in all 
directions, in the sense that the amount of light leaving an 
element of a surface is proportional to the projected area in 
the reflected direction. So to an observer, the apparent bright-
ness of any given projected area of the illuminated surface 
of a planet is proportional to the amount of starlight hitting 
the surface within that apparent area. 

The phase angle α of a planet is the planet-centered angle 
from star to observer. So α = 0 at superior conjunction with 
the planet behind the star, α = π/2 at quadrature (maximum 
elongation for a circular orbit), and α = π at inferior conjunc-
tion with the planet between the star and observer.

As an example, if the Moon were a Lambert reflector, 
then the full Moon (α = 0) would appear to be a uniformly 
bright object, with no limb darkening, but the quarter Moon 
(α = π/2) would appear to have a bright Sun-facing limb 
that tapers to zero intensity at the terminator, in proportion 
to the projected area toward the Sun (i.e., the cosine of the 
angle between the surface normal and the Sun). In practice, 
bare-rock bodies like Mars, Earth, and the Moon tend to be 
more uniformly bright than a Lambert surface, but cloudy 
planets like Venus and Jupiter tend to be closer to Lambertian. 

For the spectral types AFGKM, the approximate number of 
stars out to 10 and 30 pc is also noted. 

2.3.  Contrast of Planet 

The spectrum of a planet is the sum of reflected starlight, 
thermal emission, and nonthermal features, as illustrated in 
Fig. 4 for the case of the Earth-Sun system as seen from a 
distance of 10 pc. The reflected and thermal continuum com-
ponents are discussed in sections 2.4 and 2.5. Background 
light from zodiacal dust is discussed in section 2.6. A planet’s 
color is discussed in section 2.7, and its absorption line 
spectrum in section 2.8. Nonthermal features (e.g., auroras) 
are expected to be faint, and are ignored here. 

For direct imaging it is convenient to compare the bright-
ness of a planet to its star, at any wavelength. The contrast C 
is defined to be the ratio of planet (p) to star (s) brightness, 
so we have 
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(13)

where C is a function of wavelength, the properties of the 
planet, and the apparent geometry of the planet-star system. 
Here f(p) is the sum of reflected and thermal fluxes. 

The expected visible-wavelength contrast of typical Jupiter-
like and Earth-like planets around nearby stars is shown in 
Fig. 5. We see that giant planets beyond the ice line will have 
typical contrasts on the order of 10–9 at visible wavelengths 
(see section 2.4), and separations of about 0.5 arcsec. Earth-
like planets in the habitable zone will have contrasts of about 
10–10 and separations of about 0.1 arcsec. As suggested by the 
limiting-case detection lines for several types of groundbased 
coronagraphs and the HST, these planets cannot be directly 
imaged by them. However, they could be imaged by a co-

TABLE 2.  Angular separation examples.

Distance 10 pc 30 pc

Angular separation of 100 mas 33 mas 
planet at 1 AU (max)

Telescope diameter  3.1 m 6.2 m 
(min) at 0.5 µm

Occulter diameter  49 m 16 m 
at 0.5 µm

Interferometer baseline 21 m 62 m 
at 10 µm

Number of AFGKM 2, 11, 26,  27 times 
stars 42, 210 greater

Angular separation θ is from equation (12), for the Earth-Sun 
system. Telescope diameter D is from θ = nλ /D, where n = 3 
is intermediate between the theoretical minimum for an internal 
coronagraph (n = 2) and an experimentally demonstrated value 
(n = 4). Occulter diameter is DO = 2θdO,where the distance be-
tween a telescope and its external occulter is dO = 50,000 km. 
Interferometer baseline is B = λ/θ. The number of stars is assumed 
to scale as d3.
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Fig. 4.  Schematic spectrum of the Sun and Earth at 10 pc, in the 
visible and infrared (Kasting et al., 2009). Here Earth at maximum 
elongation is at 0.1 arcsec (1 AU/10 pc) with a contrast of 10–10 in 
the visible and 10–7 in the mid-infrared (~10 µm). The exozodiacal 
light is sketched for small (2-m) and large (8-m) telescopes in the 
visible, and an interferometer with 2-m collectors in the infrared.

103-104 increase in 
contrast ratio at mid-IR 
over optical/near IR

Earth-Sun at 10 pc

Origins

Weather and climate on exoplanets: Super Earths to Jupiters 

Transit/secondary eclipse spectroscopy 

Direct imaging via a mid-IR coronagraph

Simulated MIRI coronagraphy of HR 8799



CO2 H2O

O3

CH4

M5V

Signal	Size	for	Habitable	Zone		for	M	Dwarf	Planets



Weather and climate on exoplanets: Super Earths to Jupiters 

Rauer et al. 2011 Potential Bio-Signatures in Super-Earth Atmospheres, A&A 



• 	Spectral	resolving	power	(λ/Δλ)	of	30-50	
• 	Noise	floors	<	10	ppm		
– (M3V@20	pc	–	2	hr	at	7	μm)	
• 	Key	spectral	signatures	of	Super-Earths	that	
Origins	will	detect:	
– 	9	μm	for	ozone	(biosignature)	
– 	7	μm	for	methane	(life	detection)	

Origins	Space	Telescope	will	have	mid-
IR	capability	below	6	μm;	noise	floor	
will	be	due	to	mid-IR	detector	stability.

To detect biosignatures:

At	50ppm	JWST	cannot	study	habitable		
zone	worlds	(Greene	et	al.	2016)



Kepler	finds	planets	smaller	than	Neptune	are	ubiquitous	close	
to	their	parent	stars.		

Near	the	habitable	zone	of	the	closest	stars,	the	thermal	
emission	of	these	planets	can	be	bright	enough	to	be	seen	
behind	the	glare	of	their	parent	stars.			

OST	spectroscopy	will	allow	us	to	directly	probe	the	
atmosphere	and	composition	of	these	“Neptunes".	

 

Directly image warm Neptunes and Jupiters around the nearest Sun-like Stars

• Coronagraph	will	enable	direct	
imaging	of	Jupiters	at	5	–	14	AU	and	
warm	Neptunes	into	2	AU	

(Eric Nielsen)



New Technology New Capability

4.5-5K large optics/cryo 
actuation Spectroscopic line sensitivity

Large Detector Arrays Wide field imaging

Integrated Spectrometers 3D spectro-mapping

High-contrast mid-IR 
Coronagraph/stability-improved 

mid-IR detectors
Exoplanet Characterization

NEW TECHNOLOGIES ENABLE NEW CAPABILITIES
TO EXPLORE OUR COSMIC ORIGINS

128   Exoplanets

tapering of the pupil, can be made to drop to θ–10 = 4λ/D, 
which is still a dramatic feat. 

3.11.  Pupil-Masking Apodization 

The concept of pupil masking is a practical version of 
the spray-paint apodization described above. In the pupil-
masking apodization method, the pupil is covered by an 
opaque sheet that has tapered cutouts through which the 
wavefront can pass, as shown in Fig. 13. The cutouts are 
designed to transmit more light at the center of the pupil, 
and less at the (say) left and right edges. The corresponding 
projected left and right areas on the sky have faint diffracted 
light in the focal plane, so a planet could be detected in 
these areas. There are no sharp edges perpendicular to the 
left and right, so little diffraction. However in the orthogonal 
direction, say up and down, there are a lot of perpendicular 
edges, so a lot of light is diffracted in those directions. The 
search space on the sky is therefore limited to the projected 
areas with diffraction below a target threshhold, say 10–10. 
The concept is so simple that it could be tested with paper 
and scissors at an amateur telescope. These pupil-masking 
types of stops have been tested in the laboratory, and have 
achieved dark zones as deep as about 10–7, limited perhaps 
by minor imperfections in the mask edges. Also their trans-
mission is relatively low, since much of the pupil is covered. 
Nevertheless these masks stand as a proof of principle that it 
is possible to beat the iron grip of diffraction, and they have 
inspired numerous other inventions. 

References include Kasdin et al. (2003, 2005). 

3.12.  Pupil-Mapping Apodization 

Another way to achieve a Gaussian-like amplitude dis-
tribution across a pupil is to rearrange the incoming rays, 
so to speak, so that they do not uniformly fill the pupil but 
rather crowd together near the center, and become sparse 
at the edges. This will make the amplitude of the electric 
field stronger at the center and weaker at the edges, but for 
visualization it is easiest to think of rays. Pupil-mapping is 
illustrated in Fig. 14.

C = 10–10. If the segments are each D = 1 m wide, then we 
need w ≤ 10 µm in width, about one-eighth the thickness 
of a human hair. This is much smaller than can be easily 
accomplished. 

These examples show that diffracted light from an ob-
scuration or gap in the pupil can generate a relatively large 
intensity at angles well away from the diffraction core of λ/D 
from a point-like star. Only a few types of coronagraphs are 
immune to these obscuring elements.

3.10.  Pupil-Edge Apodization 

One way to eliminate the diffraction side lobes of a pupil 
is to reduce the sharp discontinuity in the transmitted wave-
front at the edge of the pupil. As we saw in the discussion 
of the single pupil with a sharp edge, the Huygens wavelets 
spread out dramatically at such an edge. An early suggestion 
was to taper the transmission of the pupil at the edges, to 
avoid a sharp change of transmission. For example, we could 
figuratively spray black paint on a telescope mirror so that the 
center was clear and the edge totally opaque. A more practical 
(and approximate) method is to surround the perimeter of a 
pupil with a lot of inward-pointing black triangles or similar 
pointed spikes, such that the azimuth average transmission 
drops smoothly from 1 at the center to 0 at the edge; this 
technique works surprisingly well, and can be implemented 
with ordinary tools. 

Suppose we model this by a Gaussian intensity transmis-
sion function e–(x/x0)

2, which corresponds to a Gaussian ampli-
tude function e–(x/x0)2/2. We want this function to be small at 
the edge, so we assume that x0 < D/2. The effective diameter 
Deff is then roughly the FWHM of the intensity distribution, 
which is Deff = x02ln(2). Inserting this amplitude into the 
one-dimensional equation for net amplitude, and making 
the approximation that x0 << D/2, we find the normalized 
intensity pattern in the focal plane to be 

 ( ) ( )2
02 x

2I e− πθ λθ =  (65)

This result shows that tapering the pupil, in the extreme 
case of strong tapering near the edges, can have a dramatic 
effect on the image of a point source, namely concentrating 
it in a tight image with no sidelobes. If we had integrated 
from 0 to D/2 instead of 0 to ∞ we would have obtained a 
similarly compact central peak, but with finite sidelobes. In 
the example shown, the intensity drops to 10–10 at an angular 
distance of about θ–10 = 2λ/Deff, showing that in principle 
this is a powerful method of minimizing sidelobes. This tech-
nique is generally called apodizing, meaning to remove the 
feet. We could have used a cosine or other similar function, 
with roughly similar results. Obviously the technique can be 
extended to a more realistic circular aperture. 

In practice, the Gaussian function, which tapers to zero on 
an infinite range, is replaced by a very similar-looking profile, 
a prolate spheroid function, defined on a finite range. The 
intensity pattern in the focal plane, with a prolate spheroid 

Fig. 13.  (a) This optimized pupil mask has six openings within 
an elliptical envelope designed to match the pupil of TPF-C (sec-
tion 6.9). (b) The corresponding image plane diffraction pattern, 
showing a strongly suppressed central star, and dark-hole areas 
(on the left and right) with residual intensities below a theoretical 
contrast of 10–10. The IWA is 4λ/D and the throughput is 30%. 

Study team is eager to partner 
with industry on key enabling 
technologies early on the 
mission design process.

		

21	21	

Cryogenic	Ac=ve	Mirror	Heritage	

EM-4a	Uncorrected	
SFE	=	1.88	µm	RMS	

EM-4a	Corrected	
SFE	=	0.014	µm	RMS	
(colors	scale	with	

RMS)	

Actuated Hybrid Mirrors (AHMs) demonstrate active mirror architecture 
•  Active mirror segments 

•  37 to 414 actuators 
•  0.5 to 1.35 m size 

demonstrated 
•  <14 nm rms SFE 

demonstrated 
•  10-15 kg/m2 substrate 
•  <25 kg/m2 total 
•  Tested in 1G to 0G specs 
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Origins Space Telescope
2020 Decadal

8-13m single aperture
5 —600+ μm

4.5 K active-cooled

Hubble Space Telescope
1990—2025+

2.4 meter
0.1—2.4 μm

260 K

James Webb Space Telescope
2018—2028+

6.5 meter
0.6—27 μm

50 K
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A Rotating Synthetic Aperture (RSA) Space Telescope for Future UV/Opt/IR Astronomical Missions 

Ronald S. Polidan, Amber Bauermeister, Northrop Grumman Aerospace Systems 
Gerard Rafanelli, Mitchell Haeri, Raytheon Space and Airborne Systems 

 
1. Introduction and overview 
Observatory aperture size is a key performance-driving parameter for current high-priority astrophysics missions. 
Large apertures provide high resolution and large light-gathering power; key observatory parameters for the imaging 
and spectroscopy of faint, distant celestial objects. The limitations of current technologies drive the launch and 
development costs of large filled-aperture space telescopes. This is due to mass, complexity, launch vehicle fairing 
volume and the high cost of traditional deployed adaptive optics designs. With filled-aperture designs, the “next big 
thing” in astrophysics may wait a long time as space telescope and launch vehicle technologies mature. This 
whitepaper explores an alternate architecture based on current technologies that would provide the resolution of a 
~20 m aperture while retaining the mass, cost, and photon throughput of an 8 to 9 m aperture. 

Over the last two decades the U.S. government, Northrop Grumman, 
and Raytheon have invested substantially in a revolutionary non-
traditional space telescope architecture that can be deployed today. 
Elements of Raytheon’s “SpinAp” architecture are disclosed in several 
patents. The architecture is based upon a Rotating Synthetic Aperture 
(RSA) that synthesizes very large circular apertures at a fraction of the 
complexity, mass and cost. The 10m SpinAp optic, or even larger spin 
aperture, can address current astrophysics priorities with today’s 
mature, demonstrated technologies and a single launch to orbit (Figure 
1). Assuming mirror mass fraction is proportional to fill factor, for a 
given aperture, the required mirror mass can be reduced by up to 75% 
by utilizing the RSA architecture instead of a filled aperture. Reduced 
mass translates to reduced cost for the optical telescope assembly, spacecraft accommodation, and launch vehicle. 
Reduced mass also enables scientific missions that would otherwise require many years of technological 
development or multiple launches. A conceptual RSA Observatory reference design and comparative performance 
parameters for Hubble, JWST and 12 m filled designs are shown in Figure 2. 

Figure 2. Space Telescope Sensitivity and Resolution Comparison 
Telescope Parameter Hubble 

Space 
Telescope 

James 
Webb Space 

Telescope 

12 m Filled 
Circular 
Aperture 

16-20m RSA 
(18m x 3m) 

Diameter 2.4 m 6.5 m 12 m 16-20 m 
Collecting Area 4.5 m2 25 m2 113 m2 50-64 m2 
Angular Resolutiona (500 nm) 0.05” 0.02” 0.011” .0063 -.0079” b 

Angular Resolutiona: NIR (2 μm) 0.2” 0.08” 0.042” .031-.025” b 
a Diffraction-limited angular resolution for a filled circular aperture of the given diameter 
b Linear synthesis processing results in an angular resolution equivalent to a filled circular aperture. Nonlinear processing of 
SpinAp data will provide 20% better resolution than an equivalent filled circular data set processed with the same algorithms.  

We propose that studies of future large normal incidence astrophysics missions (the Far-IR Surveyor, Habitable-
Exoplanet Imaging Mission, and the UV/Optical/IR Surveyor) explore using the RSA as their core architecture.  

2. Key Science Questions 
The key science questions addressed by the RSA architecture are those of any large (> 8 m) filled aperture 
telescopes.  RSA offers a different way to build and use the telescope. It offers the collecting area of an 8 to 9 meter 
telescope with the resolution (after data processing) of a telescope twice that size.  

 
3. Technical Capabilities 
How a Rotating Synthetic Aperture Works  Using a 20 meter, 8:1 aspect ratio, RSA as an example that balances 
aperture (16% fill factor) and resolution (6.3 milliarcsec at 500 nm, this design would provide the resolution of a 20 
m aperture while retaining the mass, cost, and light-gathering power of an 8m aperture. Figure 3 simulates a notional 
imaging sequence for this example design. The HST-derived input scene at left is 2x the resolution of the 8:1 RSA 

Figure 1. “The Universe in High-Definition” can be 
obtained today using a Rotating Synthetic Aperture 
(RSA) space telescope 

 

JWST-like? Spitzer-like? Rotating aperture?



What Origins Space Telescope will do

• Study	gas	cloud	cooling	at	cosmic	dark	ages,	to	ozone	and	methane	
biosignatures	of	exoplanets,	to	pathway	of	water	to	habitable	exoplanets	and	
our	Solar	system.	

• Provides	a	factor	of	10,000	(!)	improvement	in	sensitivity.		An	immense	
discovery	potential.		

• Origins	Space	Telescope	will	not	be	extending	what	we	know	already.	It	will	be	a	
true	revolution	in	astronomy.



What Origins Space Telescope will be

• A	flagship	general	observatory	-	community	driven	sciences	and	instruments.		

• We	want	to	hear	about	your:	

• Scientific	questions	that	would	define	and	use	such	an	observatory	

• Your	technical	innovations	that	would	help	make	Origins	a	reality.



Join us, Follow us @NASAOriginsTelescope
• Our	science	working	groups	and	instrument	teams	are	open	to	the	community.


