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HOW DOES THE
UNIVERSE WORK?
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How do galaxies form stars, make metals, --"_ * Y
and grow their central supermassive black x - oM
holes from reionization to today? s -'..‘, <

Using sensitive spectroscopic capabilities of a cold telescope in the infrared, Origins will measure
properties of star-formation and growing black holes in galaxies across all epochs in the Universe.

HOW DID WE GET
HERE?

How do the conditions for habitability
develop during the process of planet
formation?

With sensitive and high-resolution far-IR spectroscopy Origins will illuminate the path of water
and its abundance to determine the availability of water for habitable planets.

ARE WE
ALONE?

Do planets orbiting M-dwarf stars
support life?
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By obtaining precise mid-infrared transmission and emission spectra, Origins will assess the
habitability of nearby exoplanets and search for signs of life.
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Observations of Cold
Water

* Atmosphere opaque at the frequencies of the low-energy water lines
* Even SOFIA cannot observe cold water
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van Dishoeck et al. 2013 Coutens et al. 2014
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* Temperature in the terrestrial planet
zone was too high for water ice to exist

ity ‘ L o o  Water and organics were most likely
delivered by comets or asteroids

* Isotopic ratios provide a fingerprint for

Snow Line studying the origin and history of Solar
System materials



“Textbook” D/H in Water in
the Solar Nebula

Variations in the D/H ratio: progressive
isotopic exchange reactions between

HDO and H,

Water was initially synthesized by
interstellar chemistry with a high D/H
ratio (>7.2%10-4; highest value measured
in clay minerals)

The D/H ratio in the solar nebula then
gradually decreased with time  — — T T e

Turbulent mixing of grains condensed at Radius (AU)
different epochs and locations in the
solar nebula " D/H gradient

Horner et al. 2007



Other D/H Models

----- t=0.1 Myr
= t=0-2 Myr _ 2= C TN
—t=03 Myr| -] RN * A coupled dynamical and

“oot=0.5Myr( © chemical model
==t=1 Myr |/

* D/H may decrease in the
outer regions

* Water thermally processed
in the inner disk
transported outward

Yang et al. (2013)
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Comets

Inner Solar System Outer Solar System Oort Cloud
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* No trends with physical or dynamical parameters
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SPACE
Hyperactive Comets Hint at Origins of Earth’s Oceans

A new study suggests primordial seawater may lurk hidden at the hearts of many comets
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SPACE
Hyperactive Comets Hint at Origins of Earth’s Oceans

A new study suggests primordial seawater may lurk hidden at the hearts of many comets
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* Hyperactive comets typically have terrestrial D/H ratios

* Large reservoir of ocean-like water in the outer Solar System




Millimetron Sensitivity

» Herschel/HIFl, comet 103P: Figure of Merit (FOM) =1028s-1/0.21au=4.8%1028
» |0c detection of the HDO 509 GHz in 320 min
» Expected improvement for Millimetron: x 23

» Rx sensitivity: 2 (T, 50 K DSB at 500 GHz demonstrated)

» Telescope diameter: 10/3.5=2.9
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How Many Comets!

|00+ comets in 5 years

Up to 2000 h observing
program
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