
From 
first stars 
to life

National Aeronautics 
and 

Space Administration

Origins
Klaus Pontoppidan

Space Telescope Science Institute

On behalf of the Origins Science and Technology 
Definition team

http://origins.ipac.caltech.edu
@NASAOriginsTele

http://origins.ipac.caltech.edu/


From 
first stars 
to life

National Aeronautics 
and 

Space Administration

By the community, for the community
• Through the 

Astrophysics 
Roadmap, the 
community 
expressed interest in 
a “Far-IR Surveyor” 
mission.
• Origins Space 

Telescope one of 4 
NASA flagship 
concepts to be 
submitted to the 
2020 decadal survey.

Origins Science and Technology Definition Team
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Three science themes
h o W  d i d  W e  g e T  h e r e ?

�0

To unravel the formation process of the Milky Way halo, we must dissect these streams and place their 
properties within a cosmological context. Not only are LSST and WFIRST-AFTA the discovery vehicles 
for this exciting science, they will also yield preliminary insights on the global structure and extent of each 
stream, as well as the colors of their stars, providing a hint at their composition. But a more detailed analysis 
will be needed in order to use these new discoveries as testbeds for simulations of galaxy formation. We will 
need to characterize the chemistry, stellar mass, dark matter mass, age, and orbit of each stream around the 
Milky Way to decipher its role in the overall assembly history. Achieving this will require three new studies:

First, the high-precision astrometry of individual stars from LSST and WFIRST-AFTA will feed the next 
generation of �0-m ground-based telescopes for detailed spectroscopic analyses. With multi-obMect 
spectrographs, these telescopes will establish the velocities and chemical compositions of stars in each 
stream. The velocities can be used to measure the line-of-sight dispersion and constrain the mass of the 
stream’s progenitor galaxy stream.

Second, the characterization of stellar populations will require the LUVOIR Surveyor, which will enable 
high-precision color-magnitude diagrams in the Formative Era. Currently, the state-of-the-art instrument 
for such work is HST, which has a 2.�-m mirror. Although JWST will extend the capabilities of HST in 
the near IR, achieving sub-billion-year age resolution for all Milky Way substructures will require an even 
larger telescope to disentangle the most age-sensitive features of composite stellar populations (e.g., the old 
main-sequence turnoff of hydrogen-burning stars and the white dwarf cooling sequence). This can only be 
done over a panchromatic baseline that stretches from the UV to IR.

Third, the reconstruction of a stream’s dynamical history requires establishing full �D space velocities of its 
stellar content. The radial velocity measurements from ground-based �0-m telescopes must, therefore, be 
coupled with measurements of tangential velocities derived from proper motion studies from space. With 
�D velocities in hand, anisotropies in the orbits of these streams around the Milky Way will be measured 
directly, and the build up of the Milky Way halo will be seen in the form of a “movie” of the accretion events. 
Proper motions of very distant stars, over wide fields of view, will require a large space telescope operating 
at high spatial resolution (better than �0 milliarcseconds).

Figure 3.6 A composite of the center of our galaxy from images captured by HST, Spitzer, and Chandra. 
Credit: NASA

I. How does the Universe work?
How do galaxies form stars, build up metals, and grow their central 
black holes from reionization to today? 

II. How did we get here? 
How do the conditions for habitability develop during the process 
of planet formation? 

III. Are we alone? 
Do planets orbiting M dward stars support life?

IV. Discovery space
Dominated by general observer programs



From 
first stars 
to life

National Aeronautics 
and 

Space Administration

Baseline Mission Concept

• Only 1 new and simple Deployment: sunshield
• Launch on SLS or BF3, orbit at L2
• Wavelength Coverage 3-600 μm
• Telescope: JWST-size collecting area, ~25 m2

• Cold telescope & instruments: ~4.5 K      
• Three optimized instruments
• Fast motion of telescope: 60 arcseconds/second
• Affordable at current funding levels
• Detectors are the major technology development



From 
first stars 
to life

National Aeronautics 
and 

Space Administration

1000x better sensitivity -109x faster surveys 

Equivalent difference for an optical 
telescope to achieve 1000 times higher 
sensitivity
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1000x better sensitivity -109x faster surveys 

Equivalent difference for an optical 
telescope to achieve 1000 times higher 
sensitivity
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Origins Space Telescope OSS is 1000x more 
sensitive than Herschel PACS while only 
using 3x the collecting area.

An optical telescope would have to be 1000x larger in 
collecting area to provide the equivalent gain
of Origins’ sensitivity.

Herschel
optical telescope

Origins 
telescope

1000x larger optical collecting area
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Instruments
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Instrument focal plane
ORIGINS Instrument Focal Plane
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OSS = Origins Survey Spectrometer
FIP = Far-infrared Imager and Polarimeter

MISC T = Mid-Infrared Transit Spectrometer
FTS = Fourier Transform Spectrometer for OSS
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Tracing galaxy and black hole growth through cosmic time
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Origins mapping speeds enables vast unbiased galaxy surveys

• Measure how galaxies form 
stars, build up metals, and 
grow their black holes from 
reionization (z=0-8) to today. 
• Using massive, and deep, 3D 

surveys of millions of 
galaxies: 
• measure star-formation and 

black hole-accretion rates 
over 95% of cosmic time 

• trace the rise of metals, dust 
and organic molecules 

• measure galactic outflows 
and feedback over the past 
10 Gyr
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Following the trail of water
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Water and disk masses across all evolutionary stages

• Detect nearly the entire 
rotational spectrum of water
in 1000 planet-forming disks 
to reveal the trail of life’s 
ingredients. 

• Use the ground-state line of 
deuterated hydrogen (HD) to 
determine the planet-forming 
mass in disks. 

• Measure the D/H ratio in over 
100 comets to understand the 
delivery of water to our own 
inhabited planet. 
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Searching for biosignatures in M-dwarf planets

• Assess the habitability of 
nearby exoplanets and 
search for signs of life.

• Constrain the presence of 
bio-indicators (H2O and CO2) 
and biosignatures (O3, N2O 
and CH4) in rocky planets 
transiting M dwarfs.

• Be capable of answering the 
age-old question of "Are we 
alone?" 

How common are life-bearing planets around M dwarf stars?
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Detections of biosignatures require 5ppm precision



From 
first stars 
to life

National Aeronautics 
and 

Space Administration

Open vast, new discovery space
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Contact and next steps
• Meet the Origins team at the NASA booth
• Try the Origins Virtual Reality experience! 
• Many Origins posters in multiple sessions
• Join the Origins Scavenger hunt!
• Follow us on @NASAOriginsTele
• More information on http://origins.ipac.caltech.edu

Consider Origins when preparing decadal white papers

http://origins.ipac.caltech.edu/

