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How does the universe work?

How did we get here?

Are we alone?

Discovery of new phenomena



★  x1000 more sensitive than anything before 

★  5.9m aperture non-deployed cold aperture (4.5K) 

★  Low-risk development, testing, and deployment 

★ Mid and Far - IR has rich chemical and physical 
information 
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Origins OSS
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Origins: Spitzer-like minimal 
deployable design

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2040

Pre-Phase A Phase A Phase B Phase C Phase D Phase E / Operations

Mission Milestiones

Award SRR PDR CDR SIR Delta  SIR PSR LDR

KDP-EKDP-DKDP-CKDP-B

MKID

Origins Mission Concept

Origins Detectors

Origins Mission Schedule

The Origins Space Telescope has a Spitzer-like 
architecture with only one new, non-standard deploy-
ment, the sun shields.  Origins’ modular instrument bay 
facilitates integration and test and allows serviceability. 
Origins has a low-risk verification program with 
flight-like tests of critical systems.

Detector technology development plan will reach TRL 5 by 2025.
• Transition-edge Sensor (TES) bolometers:    operate <50 mK, for FIP, 
OSS and MISC TRA
• HgCdTe arrays: operate 30 K, high stability for MISC TRA
• Microwave Kinetic Inductance Detectors (MKIDs) 
  operate <50 mK, for FIP, OSS

TES

HgCdTe

 
 

Origins Observatory level parameters 
Mission Parameter Value 
Telescope aperture diameter 5.9 m 
Telescope area 25 m2 

Telescope Temperature 4.5 K 
Telescope  & instruments cooled by Cryo-coolers 
Diffraction limit 30 µm 
Wavelength coverage 2.8-590 µm 
Maximum scanning speed 60! per second 
Launch year 2035 
Launch vehicle Large vehicle:  SLS Block I or 

Space-X BFR 
Orbit Sun-Earth L2 
Lifetime requirement 5 years 
Propellent  lifetime requirement 10 years 

  

secondary mirror

primary mirror

science instruments

spacecraft

solar array

cold shield wavelength coverage: 2.8-588 µm 
Telescope:  

diameter: 5.9 m 
area: 25 m2 (=JWST area)

diffraction-limit: 30 µm
temperature:  4.5  K

Cooling:  long life gyro-coolers
Observatory Mapping Speed: 60” per second
Launch Vehicle: 

Large, SLS Block 1, Space-X Starship 
Lifetime:  5 years, 10 year propellant
Orbit: Sun-Earth L2 



Three Instruments
OSS:  Origins Survey Spectrometer

-25-588 µm R~300, survey mapping
-25-588 µm R~43,000
-100-200 µm R~325,000 

                             FIP: Far-infrared Imager Polarimeter
                                    - 50 or 250 µm, Large area survey mapping
                                            - 50 or 250 µm, polarimetry

MISC-T:  Mid-Infrared Spectrometer Camera Transit
-Ultra-Stable Transit Spectroscopy
-2.8-20 µm R~50-295



Observatory Integration and 
test re-uses Johnson Space 
flight Center Chamber A: 
end-to-end, “test as you fly”
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ORIGINS detector requirement

semiconducting bolometer
superconducting bolometer
kinetic inductance
quantum capacitanceDetectors: tall pole and we have a plan

Far-IR:  improved sensitivity
increase pixel count (~104)
KIDs, TES 

Mid-IR: improved relative spectral stability, 5 ppm
state of art:  20-50 ppm
HgCdTe, Si:As, TES

Cryocoolers: almost there
-4.5 K: Thanks JWST + Hitomi!
-50 mK: NASA Dev.

NGAS JWST/
SHI Hitomi/

Far-IR:   KIDs  or  TES

Technologies



Origins Mission Development Timeline





How does the universe work?

How did we get here?

Are we alone?

Discovery of new phenomena



Origins/FIP Surveys:  Billion Galaxies!



How does the Universe work?

�18

How do galaxies form stars, grow their central supermassive black holes, and make heavy elements over cosmic time?

3.6° Herschel HerMES:  Amblard et al.

Herschel 2-D surveys are confusion limited…

Origins/OSS surveys are not:
“Infrared SDSS”
Millions of galaxies z<8







From first stars to life
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Origins Uniquely Follows the Trail of Water 



• Water’s birth in star-less cores: tracing water vapor in the 
beginnings of star formation 
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Origins definitively measures gas mass of planet forming disks
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Origins definitively measures D/H (HDO/H2O) in >200 comets & 
asteroids



Origins definitive measurements of  water trail

• Water’s birth in star-less cores: tracing water vapor in the 
beginnings of star formation 



Geometry of Transiting Exoplanets
• Primary Transits 
– Phase = 0 & 1 
– Transmission spectrum 

• Secondary Eclipses 
– Phase = 0.5 
– Dayside emission spectrum 

• Thermal Phase Curves 
– Phase = 0 to 1 
– Phase-resolved emission 

spectrum



Why M Dwarfs?
• M dwarfs are common 
– 75% of stars within 15 pc are M 

dwarfs 

• Rocky planets are common 
– Expect to detect about a dozen HZ 

exoplanets transiting mid-to-late M 
dwarfs within 15 pc 

– Four such planets are already known 
(TRAPPIST-1d,e,f and LHS-1140b)  

• Advantages of small (rocky) planets 
transiting M dwarf stars  
– Larger transit depths 
– Closer habitable zones (5 – 100 days) 
– Increased transit probability in HZ 

T. Henry, RECONS Survey



What Biosignatures 
Could Webb Possibly 

Biosignature Pairs 
(O3+CH4, O3+N2O)

H2O and CO2 are necessary,  
but not suggestive, of life

Origins MISC-T: IR wavelengths rich in biologically interesting  molecules



Origins builds on JWST and ELT successes

Tier 1 
Transit observations to determine which planets have tenuous, clear 

or cloudy atmospheres

Tier 2 
Eclipse observations of clear planets to determine if 

they are temperate

Tier 3 
Search for bio-signatures (O3+N2O, O3+CH4) 
with additional transits of temperate worlds

Pre-select terrestrial M-dwarf planets based on: (i) Planet radius and equilibrium temperature.

(ii) Relative rank based on suitability for detailed atmospheric characterization.

(iii) Pre-Origins observations with JWST, ELTs etc. 



To detect biosignatures:

•  Spectral resolving power (λ/Δλ) of 



�31

Discovery Space of Origins
OST Science Section    
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Introduction: H2 is the most abundant 
molecule in the ISM, but its rotational 
levels require relatively high 
temperatures to excite (Eu/k~510 K for 
the first rotational level 0-0 S(0) at 28 
µm). Because of this, most H2 emission 
arises from regions with ample far-UV 
radiation (e.g., photodissociation 
regions) on the boundaries of molecular 
clouds or in regions where shocks 
contribute significantly to heating 
molecular gas. Observations of higher 
rotational and vibrational transitions of 
H2 can be done from the ground or with 
mid-IR observatories like JWST, but 
these lines trace a much smaller fraction 
of the warm molecular gas component. 
Most studies of the rotational H2 ladder 
find that the 0-0 S(0) line is dominated by 
relatively cool gas at temperatures 
around 100-300 K (e.g., Roussel et al., 
2007). 
 The H2 28 µm line is therefore a 
powerful diagnostic of phases of 
molecular gas not detected by standard 
tracers of cold gas, like the mm-rotational 
lines of CO. In particular, in the relatively 
low extinction boundaries of molecular 
clouds, CO may not exist due to 

photodissociation, leading to layers of “CO-dark H2” that require other observational tracers. The 
CO-dark layer is predicted to become the dominant reservoir of H2 at low metallicity due to the 
lack of dust shielding (Wolfire et al., 2010; Glover & Clark, 2011). In these conditions, where far-
UV photons are present and the gas is molecular, the 28-µm line will trace a larger component of 
the gas reservoir. Other potential tracers include the [CII] 158-µm line, which is the dominant 
reservoir of carbon not in the CO form. The full diagnostic power of the H2 28-µm line as a tracer 
of CO-dark H2 has yet to be exploited due to the limited mapping capabilities of previous (e.g., 
Spitzer) and planned (e.g., JWST) facilities. 
Scientific Importance: Although JWST will cover the 28-µm spectral region with MIRI IFU, its 
decreased sensitivity at these longer mid-IR wavelengths means that observing H2, even in nearby 
galaxies, will remain challenging into the 2030s. Origins/OSS will provide orders-of-magnitude 
increase in sensitivity and mapping speed. Combining these effects, OSS (in R=300 mode) will be 
able to map the 28-µm line to a given sensitivity 10,000 times faster than JWST. In addition, OSS 
in R=300 mode delivers a full spectrum from 25-589 µm, containing a wide array of lines that 
trace ISM gas in multiple phases as well as dust continuum emission, particularly the [CII] 158-
µm line. OSS H2 28 µm mapping will be highly complementary to ALMA observations of CO in 
nearby galaxies. 
Proposed Observations: With a 100-hour mapping program, Origins/OSS can observe the H2 28-
µm line across all star-forming Local Group dwarf galaxies (excluding the Magellanic Clouds, 
which has already been studied). These low metallicity environments are prime examples of 
regions where most of the H2 is in a CO-dark phase (Rubio et al., 2016; Schruba et al., 2017). To 

 
 
Figure 1.4-3. The unprecedented sensitivity and mapping 
speed of Origins/OSS will enable wide-field maps of H2 28 
µm rotational emission for the first time. This figure shows 
the coverage of an 0.04 deg2 map of the Local Group dwarf 
NGC 6822 (color is U, V, and R band imaging from Hunter et 
al., 2012), which would require 12 hours of OSS observations 
to obtain the required sensitivity. The area JWST could 
observe to the same depth in 12 hours is shown in the inset. 
 

H2 mapping with Origins 
vs JWST in near-by 
galaxies (in 12 hours)

OST Science Section    
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imaged a system of TNOs with surface reflectances that ranged from a few percent (Charon) to 
several tens of percent (Pluto). Previous optical surveys provided alternate size frequency 
distributions based on inferences of reflectivity, indicative of competing evolution histories for 
these bodies (Dones et al., 2015), especially at the smaller (TNO diameters <100 km) size scale.  
 Objects at TNO distances will be best detected at wavelengths near 100 µm. Shorter (~50 µm) 
and longer (~250 µm) wavelengths will better constrain the sizes and temperatures of the objects 
observed. Origins…  
 Most surveys have placed order-of-magnitude constraints on larger TNOs, with solar-system 
absolute magnitudes (H)<9 and sizes >100 km. Beyond 100 AU, the TNO population may flare 
out as well, with a larger dispersion in inclination, and an increase in the surface density of objects. 
Studying TNOs, and interlopers into near-TNO distances from even further populations in the Oort 
cloud, can thus inform us about early Solar System history and how its composition has evolved 
over the time since it was formed. These objects however, provide insight into the past because 
they have been removed from the effects of strong insolation and the bulk of their volatiles are 
intact. [ed note: needs additional work] The thermal radiation of objects from 30 to 100 AU from 
the Sun, with temperatures ~30-50 K, provide sufficient flux at 100 microns to probe the most 
interesting size scales of the outer solar system populations (Figure 1.4-9). 
Proposed Observations: Origins will image a large area of the sky multiple times to capture large 
numbers of TNOs and related outer Solar System objects. A single band near 50 µm and with 
sensitivities ~60 µJy (i.e., ~5 sec integration times), would reach large numbers (many thousands) 

 
Figure 1.4-9: The diameter vs. heliocentric distance of all small bodies in the Solar System. The data 
from MPC database (2017) includes sizes assuming a 10% surface reflectance in thermal equilibrium with 
insolation. The lines show the diameters corresponding to continuum flux limits needed to measure these 
bodies at 125 microns for a 6m (cyan line) and 10 m (green line) telescope. Most of the objects falling below 
these two lines were first measured at smaller heliocentric distances.  
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Measure sizes to all KBOs > 10 km in a 
few hundred hour survey
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provide a definitive answer 
about the frequency of truce 
Kuiper-belt analogues and a 
complete inventory of small 
bodies distribution in 
exoplanetary systems. 

Introduction: Our Solar 
System’s asteroids and 
comets (i.e., our “debris 
disk”) are an integral part of 
our system. These small 
bodies assisted in the origin 
of life by delivering water to 
potentially-habitable worlds 
and have also upset life’s 
evolution with occasional 
extinction events. Their 
locations and orbital 
structure provide strong 
constraints on our Solar 
System’s history, a story that 
includes Neptune’s outward 
migration, capture of 
Jupiter’s Trojans, and Late 
Heavy Bombardment of the 
terrestrial planets. However, 
this story lacks context 
because the true extrasolar 
analogues of our Solar 

System’s Asteroid and Kuiper belts remain invisible. 
While all other stars must host debris disks at some level, only the brightest 20% are currently 
detectable, and we know neither our rank in the remaining 80% nor how this rank is related to the 
Solar System’s history. A decade from now, on-going and planned planet-detection missions 
(TESS, Gaia, WFIRST, etc.) will have detected or set stringent limits on planets around most 
nearby stars, but the limits on small body populations will remain as poor as they are now (Figure 
1.4-15). True Kuiper-belt (KB) analogues, defined as ~45 AU planetesimal belt with peak emission 
at ~60 µm (e.g., Vitense et al., 2012), can only be detected by resolved imaging, as they are too 
faint (1%) relative to their host stars to detect as an IR excess. OST’s finer resolution and 2 orders 
of magnitude improvement in sensitivity compared to Herschel enable a complete census of true 
KB analogues among nearby stars, completing the planetary system inventory around nearby stars 
and placing our own system into context. 
 
Scientific Importance: A reference KB model (Vitense et al., 2012) has a typical SED peaked at 
60 µm from thermal dust emission with steeply decreasing brightness toward 
submillimeter/millimeter wavelengths; therefore, detecting and resolving exo-KBs is easiest at far-
IR wavelengths. Although ALMA has adequate resolution to resolve circumstellar dust emission 
from the host star, the truce KB disk surface brightness would be more than 200 times fainter at 

 
 
Figure 1.4-15. Origins’s unprecedented far-IR resolution and sensitivity 
enable a complete census of true Kuiper-belt (KB) analogues among 
nearby stars, placing our own into context. Symbols show the known 
debris systems of circumstellar dust based on measurements by Herschel 
and Spitzer. The expected raw sensitivities are shown as the color lines 
based on unresolved photometry with JWST (22 µm), Herschel (100 µm), 
and OST (50 µm), without systematic noise from stars and calibration. The 
dust level in our KB is shown as a black dot. In addition to raw sensitivity, 
resolving the dust structure from the host star is the only robust way to detect 
faint KB analogues (i.e., setting the number of nearby stars that can fully 
utilize OST’s superb sensitivity; Figure 1.4-17). 
 

Study dust in debris disks!

OST Science Section    
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        The important 43 and 47 µm features fall in a gap between the long wavelength cut-off of the 
Spitzer and JWST spectrometers and the short wavelength cut-off of the Herschel spectrometers. 
While ISO had access to this wavelength range and the HIRMES instrument on SOFIA will be 
able to observe these features, OST’s significantly greater sensitivity enables it to study water ice 
toward a wider variety of sources with sufficient SNR to detect weaker features, enabling ice 
investigations not possible with any other telescope. 
Proposed Observations: Based on existing ice emission measurements, OST can obtain very high 
SNR (i.e., SNR >> 100) ice spectra using the OSS instrument in grating mode in less than 1 min 
of integration time. In a 50-hour program, 200 Galactic sources at various evolutionary stages can 
be observed, assuming a slew-and-settle time of less than 15 minutes per source. 

1.4.9  Studying Magnetized, Turbulent Molecular Clouds 
This program using FIP aims to understand the role of magnetic fields and turbulence in star 
formation, connecting galactic-scale physics to protostellar cores.  This program will target 14 
molecular clouds of up to 50 deg2 in size, yielding a ~10-fold increase in the number of molecular 
clouds that have been mapped in their entirety in dust polarization down to the 1% level. These 
observations will reveal the role of the magnetic field in the shocked, turbulent ISM where stars are 
forming. 

Introduction: Magnetic fields and turbulence are key regulators of the star-formation process at 
all spatial scales (Crutcher et al., 2012; Elmergreen & Scalo, 2004). Magnetic fields shape 
turbulence on the largest scales in the diffuse interstellar medium (ISM) and are a critical factor in 
the formation and evolution of protostellar cores, envelopes, disks, outflows, and jets. Turbulence 
itself carries a significant fraction of the energy in our galaxy, and represents the direct coupling 
of matter from galactic scales to the scales of protostellar envelopes.  
 Over the last two decades, a vast amount of work has gone into characterizing magnetic fields 
and turbulence in the ISM from galaxy → cloud → protostellar core scales, using interferometers 
plus ground-, balloon-, and space-based single-dish instruments. The Planck satellite has recently 
mapped dust polarization across the entire Milky Way at a resolution of 10ʹ (Planck Collaboration, 
2015); however, these images lack the spatial resolution to study magnetic fields and turbulence 
across entire clouds at the ~10′′ resolution that OST will be able to achieve.   
 Recently, the BLAST balloon-borne telescope has made higher-resolution observations of 
entire clouds (Figure 1.4-12) that show an image of the IR magnetic field in the Vela C molecular 
cloud (Fissel et al., 2016). This image has an angular resolution of 2.5ʹ, which is 4x better than 
Planck. Origins/FIP will have 15x BLAST’s resolution at 250 microns, implying that while 
BLAST made over a thousand independent measurements of polarization towards Vela C, an 
equivalent FIP map would provide hundreds of thousands of independent measurements. This will 

 
Figure 1.4-15. A map of inferred magnetic field lines (texture) and total intensity dust emission (color scale) in the Vela C 
molecular cloud, from Fissel et al. 2016. This map, made with Balloon-borne Large Aperture Submillimeter Telescope for 
Polarimetry (BLASTPol) is the most detailed magnetic field map ever made for a GMC forming high-mass stars.  This GO 
project will generate such maps for 14 molecular clouds of this size (min) or 10x larger (max). FIP will have 15x the 
resolution at 250 microns, and 30x the resolution at 100 microns of the BLAST, yielding maps of magnetic fields in 
molecular clouds with hundreds of thousands to millions of independent measurements. 

 
Figure 1.4-12. A map of inferred magnetic field lines (texture) and total intensity dust emission (color scale) in the 
Vela C molecular cloud, from Fissel et al. 2016. This map, made with BLASTPol (the Balloon-borne Large Aperture 
Submillimeter Telescope for Polarimetry) is the most detailed magnetic field map ever made for a GMC forming high-mass 
stars.  This GO project will generate such maps for 14 molecular clouds of this size (min) or 10x larger (max).  Note that 
FIP will have 15x the resolution at 250 microns, yielding maps of magnetic fields in molecular clouds with hundreds of 
thousands of independent measurements.   

15” scale maps of dust 
polarization to bridge 
Planck (2’) & ground (1”)

OST Science Section    
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uncertainties, and hundreds of protostars must be observed over longer timespans to better 
constrain the typical extreme outburst behavior.�
 The JCMT Transient Survey (Herczeg et al., 2017) monitors only 50 bright protostars across 
eight nearby star-forming regions with a monthly cadence, and yet has uncovered robust evidence 
of variability at sub-mm (850 micron) wavelengths (Figure 1.4-7; Mairs et al., 2017; Yoo et al., 
2017; Johnstone et al., 2018). In the sub-mm, the observed brightness variation scales more closely 

 

 
 
Figure 1.4-7. Variability of deeply embedded protostars. Top: Spitzer 24 µm images demonstrating 
the outburst of HOPS 383 in Orion (Safron et al. 2015). Bottom: Sub-millimeter light curve of the quasi-
periodic EC 53 in Serpens Main (Yoo et al., 2017; Johnstone et al., 2018b). Origins/FIP can monitor 500 
protostars in a 100 hr campaign. 
 
 

Time variability in protostellar 
accretion (Time-domain panel)

And lots and lots more!

Expectations from modern astrophysics



Thanks to Origins Study Team

Full team list: asd.gsfc.nasa.gov/firs/ 
 



Now is the time to do Origins! 
• science drivers are NASA astrophysics: 
• How does the Universe work?, How did we get here?, Are we alone?

• Vast Discovery space
• x1000 in sensitivity
• 4.5 K, 5.9 m telescope + sensitive Far-IR detectors
• Agile observatory mapping 1000s deg2

• exoplanet transit spectroscopy high precision 2.8-20 µm spectrograph, <5 to 20 ppm 
• Builds on technical heritage, e.g. Herschel
• Origins’ design is low-risk (minimal deployments) and robust.
• Technology maturation is achievable (3-4 years). 
– https://origins.ipac.caltech.edu
– https://asd.gsfc.nasa.gov/firs/

�33

https://origins.ipac.caltech.edu/
https://asd.gsfc.nasa.gov/firs/



