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Spgce Telescope Water for Habitable Worlds

NASA Mission concept for 2020 Decadal review; launch 2030ish
10 pum — 1000 pm (ish), Large aperture 8-15 m
Study Chairs: Margaret Meixner & Asantha Cooray

Comes from the NASA Astrophysics Roadmap, Enduring Quests, Daring
Visions
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Tracing the signatures of life and the Unveiling the Growth of Black Holes
ingredients of habitable worlds and Galaxies over Cosmic Time

Origins will trace the trail of
water from interstellar clouds,
to proto-planetary disks, to
Earth itself facilitating
understanding of the
abundance and

availability of water

for habitable planets.

Origins will trace the

metal enrichment

history of the Universe,
probe the first cosmic
sources of dust, the
earliest star formation, and
the birth of galaxies.

Charting the Rise of Metals,
Dust, and the First Galaxies

Origins will reveal the co-
evolution of super-massive
black holes and galaxies,
energetic feedback, and
the dynamic interstellar
medium from which

stars are born.

Origins will chart the

role of comets in

delivering water to

the early Earth, and
conduct a survey of
thousands of ancient

Trans Neptunian Objects
(TNOs) in the outer reaches
of the Solar System.

Characterizing Small Bodies
in the Solar System
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Space Telescope

Spitzer WFIRST Herschel
0.85m Hubble 25 )
24 m

Telescope Parameters

Aperture Diffraction Temperature

Diameter Limited at

8-15m 0.5-1square |40 um ~4 K
degree




“»
@

Potential
Wavelength ""':lll
A S O | [ 1]
Coverage from Hubble :[
5 pm-1 mm e B
107 T L ] y T
SOFIA\
'E‘ 107 |- e Herschel i
~ | 0.
= 17
> 1078 |- =
2 210
‘®
@ 107 Webb MIRI B
(%0}
o
£
) Nl
S W
SRl e, N
S ]0_2| “ ]5 m \‘G
Origins Space Telescope
| |
10 100 1000

ORIGINS

Space Telescope

Technical Definition

Wavelength [pm]




@ ORIGINS

Space Telescope

Technical Definition

Instrument Specifications

Wavelength |[Spectral Typical
Coverage Resolution Field of view |Required
Instrument  |um (A/AA) #spatial pixels [Sensitivity:  |Other
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Space Telescope

Technical Definition

Instrument Specifications

Wavelength |[Spectral Typical

Coverage Resolution Field of view |Required
Instrument  |um (A/AA) #spatial pixels [Sensitivity:  |Other
Low-Res low-res~500 |100 per 1021 W/m?
Spectrometer (35 to 500 high-res~10* |channel (spectral line) |multi-channel
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Space Telescope

Technical Definition

Instrument Specifications
Wavelength |[Spectral Typical
Coverage Resolution Field of view |Required
Instrument  |um (A/AA) #spatial pixels [Sensitivity:  |Other
Low-Res low-res~500 |100 per 1021 W/m?
Spectrometer (35 to 500 high-res~10* |channel (spectral line) |multi-channel
low-res ~
8x10% 1021 W/m? 5
High-Res high- o photo-
Spectrometer (50 to 500 res~5x10° 100 (spectral line) |counting
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Technical Definition

Instrument Specifications
Wavelength |[Spectral Typical
Coverage Resolution Field of view |Required
Instrument  |um (A/AA) #spatial pixels [Sensitivity:  |Other
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Spectrometer (50 to 500 res~5x10° 100 (spectral line) |counting
polarized,
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Spectrometer (150 to 500 ~107 10-100 km/s @ 1 THz |limited
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Space Telescope

Technical Definition

Instrument Specifications
Wavelength |[Spectral Typical
Coverage Resolution Field of view |Required
Instrument  |um (A/AA) #spatial pixels [Sensitivity:  |Other
Low-Res low-res~500 |100 per 1021 W/m?
Spectrometer (35 to 500 high-res~10* |channel (spectral line) |multi-channel
low-res ~
8x10% 1021 W/m? 5
High-Res high- o photo-
Spectrometer (50 to 500 res~5x10° 100 (spectral line) |counting
polarized,
Heterodyne 2 mKin0.2 background
Spectrometer (150 to 500 ~107 10-100 km/s @ 1 THz |limited
5to0 10
channels,
1 wy - 10 mly |polarimetry,
Far-infrared (confusion spectral line
imager 35 to 500 R~15 100,000 limit) filters
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Space Telescope

Technical Definition

Instrument Specifications
Wavelength |[Spectral Typical
Coverage Resolution Field of view |Required
Instrument  |um (A/AA) #spatial pixels [Sensitivity:  |Other
Low-Res low-res~500 |100 per 1021 W/m?
Spectrometer (35 to 500 high-res~10* |channel (spectral line) |multi-channel
low-res ~
8x104 1021 W/m? 5
High-Res high- o photo-
Spectrometer (50 to 500 res~5x10° 100 (spectral line) |counting
polarized,
Heterodyne 2 mKin0.2 background
Spectrometer |150 to 500 ~10’ 10 - 100 km/s @ 1 THz |limited
5to0 10
channels,
1 wy - 10 mly |polarimetry,
Far-infrared (confusion spectral line
imager 35 to 500 R~15 100,000 limit) filters
imager: R~15, coronagraph®™
Mid-Infrared spectrometer: photometric: |10"-6 @ 0.5"
Instrument 6 to 40 R>500 106 1wy @10 um |@ 10 um
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24 Space Telescope New Technologies

New Technology New Capability

Wavelength
Space coverage
JWST<—>ALMA

Spectroscopic line
sensitivity

Cold Mirror

Spatial resolution

Large Telescope and sensitivity

Large Detector  \vide field imaging

Arrays
Compact Gratings
& Integrated 3D mapping
Spectrometers
15
Mid-IR Exoplanet+Disk
Coronagraph Characterization

Bradford
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2/ Space Telescope Telescope Design

Primary
Mirror (M1)

Tertiary

Secondary Mirror (M3)

Mirror (M2)

Fine-steering

2500mm mirror (FSM) - ——
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Space Telescope Telescope Design

Tertiary
Mirror (M3)

Secondary
Mirror (M2) R

Fine-steering
mirror (FSM) g

- Primary
N Mirror (M1)

2500mm
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Space Telescope  Segment 56 m? Area

A W

5m x 19.8m Fairing
Inst: 48m3
Bus: 38m3

Off-Axis 9.3m Diameter
Projected Area: ~56m?

37 Segments
Segment Flat to Flat: 1320mm
Mass Rough Estimate: 3462 kg
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24 Space Telescope  Secondary & Shade

On-Axis
Notional Secondary
and Sun Shade

DTA

Secondary
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Space Telescope Telescope Temperature

Zodi@Ecliptic Pole + Telescope Flux
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Science & Technology Definition Team Schedule

January to July 2017:
— Complete preliminary designs for telescope and instruments
— Secure instrument design contributions
— Identify technology drivers

* August to September 2017
— Define required technologies
— Complete preliminary mission design
e January to March 2018:
— Finalize Telescope and Instrument Designs
— Finalize mission design including spacecraft bus
e April to August 2018:
— Identify de-scope options
— End-to-end Mission cost estimations
* January 2019:
— Submit the final study report to NASA HQ
e March 2019:
— Far-IR Study Results presentation to Decadal Committee
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24 Space Telescope

What'’s happening now:

* Five science working groups: membership is open to the
community (US and foreign)

* Deciding on science questions in the post-JWST, 15 years of ALMA

operations in an era of Extremely Large Telescope (ELT) and guiding
instrument and telescope design.

Solar System: Stefanie Milam
& Planet Formation and Exoplanets: Klaus Pontoppidan and Kate Su
Milky-Way, ISM and Local Volume of Galaxies: Cara Battersby and Karin Sandstrom

Galaxy and Blackhole Evolution Over Cosmic Time: Lee Armus and Alexandra Pope
First Billion Years: Joaquin Vieira, Matt Bradford
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2/ Space Telescope

Send email to:

ost_info@lists.ipac.caltech.edu
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Science coverage will be broad: highlight some of the goals
e First Billion Years:
* Protogalaxies
* Galaxy evolution
e Galaxy and Blackhole Evolution
* ISM probes for galaxies
* Rise of metals
* Nearby Galaxies & Milky Way:
* Polarization
* Feedback in galaxies
* Water transport
* Planetary systems: Formation & Exoplanets
* Dust disks
* Gas disks
* Exoplanet atmospheres
e Solar system
* Small body census
* Planet IX
* Isotopes and origin of Earth water
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Space Telescope First Billion Years

COSMIC DAWN - EARLY UNIVERSE - COSMOLOGY

Redshift

“DCosmic _— : 4 "l(_.: 5 ST : g
arkesoes r— Reiog.i':zaiion —-)' :
\ P 1 ':) "; \-."
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e

First First P o 7 e 20N ' : ;s =
stars galaxies Wt . Gt LA T ayalaxiessform He X

Billions of years ago 12.9 8
Big Bang

Recombination
* Collapse to form first stars and proto-galaxies
— Primordial cooling via H, rotational lines
R . — seeds of super massive black holes

Blg Picture topics * Cosmic chemical evolution of the Universe

already identified: — First dust, rise of heavy elements and building blocks of life
* Properties of reionizing galaxies

— 3-D maps of the Universe

— 3-D clustering revealing fine-structure line intensities ->
metallicity, UV fields

Vieira
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Space Telescope First Billion Years

COSMIC DAWN - EARLY UNIVERSE - COSMOLOGY

Redshift

Cosmic
“Dark Ages”

r y Lo P, -_ X
= Reiog.i_zation —

e § o FUE NOFCE SR
First First S oy et Modern ;-
stars galaxies Wt . apt AT malaxiesformy ot

Billions of years ago 12.9 8
Big Bang

Recombination

Big Picture topics * Collapse to form first stars and proto-galaxies

already identified: — Primordial cooling via H, rotational lines
— seeds of super massive black holes

Scavenger Hunt Secret Word: * Cosmic chemical evolution of the Universe
Universe — First dust, rise of heavy elements and building blocks of life

* Properties of reionizing galaxies
— 3-D maps of the Universe

— 3-D clustering revealing fine-structure line intensities ->
metallicity, UV fields

tinyurl.com/OSTScavengerHunt

Vieira
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Space Telescope First Billion Years:

Hubble Space Telescope
1990—2025+
2.4 meter
0.1—2.4 pm
260 K

Bresent day-
Rl 07

" sgalaxiesform ¢+

James Webb Space Telescope
2018—2028
6.5 meter
0./—28.3 pm
50K

®

-

T

. e . A: |
~— Reionization — ="~ e osenl T e
. . P '_ = el b > RN
{ . S

172}
.0
[+

o
[
:
i)
[72]

First

Origins Space Telescope
2020 Decadal
8-15 m single aperture
6—1000 um (TBD)
45K

Billions of years ago

Cosmic
“Dark Ages”

Recombination

Vieira
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Space Telescope Galaxy and Blackhole Evolution

How do we probe the interstellar medium (gas and dust where stars are
forming) in high redshift galaxies!
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Space Telescope Galaxy and Blackhole Evolution

How do we probe the interstellar medium (gas and dust where stars are
forming) in high redshift galaxies!

The Largest Interstellar Molecules...

S UV Flux
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Space Telescope Galaxy and Blackhole Evolution

How do we probe the interstellar medium (gas and dust where stars are
forming) in high redshift galaxies!

The Largest Interstellar Molecules...

3
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Space Telescope Galaxy and Blackhole Evolution

How do we probe the interstellar medium (gas and dust where stars are
forming) in high redshift galaxies!

The Largest Interstellar Molecules...
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Space Telescope Galaxy and Blackhole Evolution

How do we probe the interstellar medium (gas and dust where stars are
forming) in high redshift galaxies?

The Largest Interstellar Molecules...

Declination Offset (")

Hot Star(s) or ISRF
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Space Telescope Galaxy and Blackhole Evolution

Spectral probes from 10 — 500 um

Species Wavelength [pm]  f(MS82) f(Arp220) Diagnostic Utility
Ionized Gas Fine Structure Lines
NeV 243 Unambiguously AGN
oIV~ 259,549 Primarily AGN
SIV 10.5 2.1(-5)
Ne Il 12.3 1.2 (-3) 7.5 (-5) Probes gas density and
Ne III 15.6.36.0 2.05(-4) UV field hardness in
SIII 18.7.335 1.0 (-3) 7.3 (-5) star formation HII
Ar ITI 21.83 9.1 (-6) regions.
O 1III 518,884 1.3 (-3)
| N 73 n 1 ) S
NII 122, 205 2.1(-4) Diffuse HII regions
Neutral Gas Fine Structure Lines
Fell 26.0 Density and temperature probes
Si1I 348 1.1(-3) 1.7 (-5) of photodissociated-neutral
01 63.1, 145 2.2(-3) 6.8(-5)(abs) gas interface between HII
CII 158 1.6 (-3) 1.3 (-4) regions and molecular clouds.
Molecular Lines
e
CH 149 4(-3) Ground state absorbtion:
N
OH 98.7. 163 5(-3) Emission: gas coolants, constrain
H,0 735,90, 101, 10Z.480 &N teipperature, density of warm
CO  325.372,434,520 3 (-6) ) (50K < T < 500 K) mol. gas Vieira
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2/ Space Telescope  Galaxy and Blackhole Evolution

OST provides the crucial link in wavelength coverage
between JWST and ALMA to complete our view of the
evolution of the universe.

1000F e

ALMA

T— T T TTTT

100 |-

> Epoch of reionization

.

Observed wavelength (um)

[Nell],[NeV],[Sill]

PAH(6.2,7.7,11.3 um)

llll

0 2 4 6 8 10 12
Redshift
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Space Telescope Nearby Galaxies & Milky Way

For joint analysis of
turbulence & B-field

structure, see, e.g.,
Heyer+2008

Planck
Collaboration

I

Image courtesy of
Phil Mocz

Hull & Roslowsky
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Space Telescope Nearby Galaxies & Milky Way

Galaxy Feedback Mechanisms at z<1 - . S
Science Goal: Characterize the mechanisms of feedback from 100 == 1000 /7= 1000~
AGN/star formation across the spectrum of galaxy masses and
types and quantify the amount of material recycled/expelled _ | | sl | | B
from galaxies at z<1. E
0
10° 2
Ez ofw £ A% A Ofky "%, - ofdy B %
N ! X a
110° 3
-500} ] -500} 1 -500f i
Mrk 231 107 =
= Sturm et al. (2011)
OH P-Cygni
profiles
-1000 Lt -1000 . -1000be— 1L J148
200 0 200 200 0 200 200 0 200
x [pc] x [pc] x [pc]
A0+ erk2L;,1
81@5- Extraplanar [CII]
§ E . JBa Franeck et al. in prep.,Walch et al. (2015)
;1@ """""" - [ Simulations of SF-driven winds
So. 83 Y
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0.90F | AT ) \ ) . . |
-2000 -1000 0 BO I al‘tO

10006
TLTUUY
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Space Telescope Nearby Galaxies & Milky Way

0.2YT]ITYI{TIIIIIIYT

Water Transport to Terrestrial Planetary Zone - L1544 1,0 1,5-1y, 1

+ pre—stellar core 8

MWWMMWW

Science Goal: Observe gas-phase water in interstellar

clouds and dense star-forming cores to probe ,
N1333-14A x 0.1
0 Class 0

critical processes related to formation and

transport of water to the terrestrial planet zone, .

Intensity (K)

as a key input to habitability.

| HD 100546 |
I disk |
P. Goldsmith _

| TW Hya
0 gisk T

37 e

TR A T T T N Y TN TN N N T S N

-25 0 25 50
Velocity (km/s)




Science Topics
@ OR IGI NS Planetary systems: Formation &

Space Telescope
Exoplanets

Debris Disks and Giant Planets

Spectral Energy

Su+ 2009 Matthews+ 2013 R
Distribuion of HR8799
Spitzer 24 Herschel 70 |- 70
10 Asteroid Belt 1
2 ! L —— Kuges Beli wm e 5
‘?’ Mm Mm % —_— sogﬂurrﬁ(: Emission ,
S o N
20 M ‘ . 1
20 10 0 10 20 10 0 10 10 100 1000
offset from center (arcsec) \ offset from center (arcsec) \ A ()
' < Su et al. 2009
star asteroid KBO disk
belt zone halo
R VLN T detect Oort clouds
ot @0 O O eAmMFT it
? ? i e T h ~ L “ji“ﬁ around nearby stars
6-8 AU 100-250 AU up to ~1000AU

Marios+2008, 2010

Pontoppidan
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Space Telescope Planetary systems: Formation &
Exoplanets

WHAT ARE PROTOPLANETARY DISK GAS MASSES?

=D is a million times more ——
. . [ HDJ
emissive than Hz at T ~ 20 K. 381

= Atomic D/H ratio inside the = TW Hya disk 37}
local bubble is well mass ;
characterized (~1.5 x 10-)

= HD will follow H: in the gas

Flux

3.6

Maisk ~ 0.05 Mo,

1 1 l 1 1 1 1 l 1 1 1
112 113 114

Wavelength (um)

—
o

8 _ Taurus

Flux (Jy)

Bergin+ 2013

Number of disks

56.0 56.5 57.0
Wavelength (um)

1073 1072 107!
100 X Mdust (MO)

Williams and Cieza 201 |

Pontoppidan
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Space Telescope

Science Topics
Planetary systems: Formation &
Exoplanets
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Pontoppidan
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24 Space Telescope Solar system

REVEALING THE SOLAR SYSTEM IN THE FAR-IR
History and Evolution of the Solar System (SS):

40 microjy limit, 125um

10000 | 4microy mit, 125um | * Measure the thermal emission (via
+ Far-IR imaging) of small bodies in
outer SS — 1000’s of targets

1000 |

100 ¢

* Moving Targets Not limited by
confusion.

10 }

From Bauer and

Lovell

Diameter (km)

0.1

1 10 100

Heliocentric Distance (AU)

Milam
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Space Telescope Solar system

1000.00 Eat 8oum ~ @
= !
= 100.00F i i
E |
. £ S R=3.0Re, Teff=60K
Find Planet IX . ol |
4] £ ST el in%LER:e,_Teff=37K
% 1 AOO E_F]RS 5—m, S—sigma, 1 second : ST 25
> E !
- . |
* Goal: Do we really understand our outer: L | @ =
N E | E
backyard?: Find Planet Nine (from Outer - |
Space!) 0.07 L |

1000 1500 2000 2500 3000 3500

Al
Even a 2 Earth Radius Planet 9, with Teff=37K has ~4
mly flux at 80um is detectable with a 5 meter OST

architecture. OST 5 meter (10 meter), 5-sigma, 1second

Wright/MiIam sensitivity at 80um as 0.6 (0.15) mly.
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Space Telescope Solar system

Planetary Origins a’nd Evolution of the Solar System

° Goal: To measure accurate

isotopic ratios and abundances of I
. 107 L J
trace gases, to constrain models = HDO &
. . - m. Hyakutake 1
and inform understanding of solar e Profo-tiepluion o + +2°°2Zi *:
system origin and evolution. P - W e Wb owp [ Haley E3A%+
:g 10—4 _ ISO IS0 IS0 CH3DU -
: " ! vl §
I Galileo Eg :2 b
E ¢ 4 + [ ' Protosolar
-5
. 107k E
Milam
Mars Jupiter  Saturn  Uranus Neptune Comets
107°




@ ORlGl NS How do | get involved?

24 Space Telescope

Send email to:
ost info@lists.ipac.caltech.edu

Visit our website:
asd.gsfc.nasa.gov/firs

OST scavenger Hunt:
tinyurl.com/QOSTScavengerHunt

Scavenger Secret word:
Universe




