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The OST NASA Decadal Study

NASA Astrophysics Roadmap Enduring Quests, Daring Visions:
formerly known as Far-Infrared Surveyor

Origins Space Telescope: 5-660 pum

Goal: large general astronomy mission with exciting science that is
technologically executable in 2030s

Both Science Definition & Technological Implementation important
OST study has two concepts:

— Mission Concept 1, completed, described here
— Mission Concept 2, started — optimization



list: asd.gsfc.nasa.gov/fi



ORIGINS

Space Telescope

Mission Concept 1
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9.1 m primary mirror




9.1 m off-axis primary mirror
Cold (4 K) telescope
Wavelengths 5-660 pm

5 science instruments

100 arcseconds/second mapping
Launch 2030s

Sun-Earth L2 orbit

5 year lifetime, 10 year goal

VAR



MISC: Mid-Infrared Imager, Spectrometer, Coronagraph

. 5-38 um

. AMA ~ 15, 300, 1200, 104

. Imaging

. Spectroscopy

. Coronagraphy 10° contrast

. Transit spectrometer <10 ppm stability




FIP: Far-Infrared Imager and Polarimeter

« 40,80,120,240 pm

e AAMA~15

* 4 band Simultaneous Imaging

. Differential Polarimetric Imaging




MRSS: Medium Resolution Survey Spectrometer

. 30-660 pum

«  AAA~ 500, 4x10%

. Multi-band Spectroscopy
. Survey

. Single Target




HRS: High Resolution Spectrometer

. 25-200 pm

. AMN/A ~ 5x10%, 5x10°
. Spectroscopy

. Single Target

. Small maps




HERO: Heterodyne Receiver for OST

63-66, 111-610 um

ANA ~ 107

Multi-beam Spectroscopy
Small maps




501-hour Sensitivity (W/m?)

Spectral Line Sensitivity
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Active Galactic Nuclel .
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Species

Ne V
oIV

Wavelength [um]

f(MS82) f(Arp220) Diagnostic Utility

Tonized Gas Fine Structiure Lines

243

259 3549

Unambiguously AGHN
Primarnly AGHN

SIV
NeII
Me III

5 III
Ar I
O III
W IIT

10.5
12.3
15.6, 36.0
18.7,335
21.83
518 884

57.3

o

Probes gas density and
TV field hardness in
star formation HII

regions.

NI

Diffuse HII regions

Fell
5111
01

CII

Neutral Gas Fine Structure Lines

26.0
348
63.1, 145
158

Density and temperature probes
1.1(-3) 7.7 (-5) of photodissociated-neutral
2.2(-3) 6.8(-3)(abs)

1.6 {-3) 1.3 {-4)

gas interface between HII
regions and molecular clouds.

066 12.3,17.0,282

Molecular Linas
2 (-5) 3(-3)

Coolants of first collapse

149
34.6,33.3,79.1, 119

Ground state absorbtion:
gives column and abundance.

4(-3)

2(-6) 2 (-4) (abs)

98.7, 163
735,90, 101, 107, 180
325,372,434, 520

5(-3)
5(-3)
1 (-5)

Emission: gas coolants, constrain
temperature, density of warm

3 (-6) (50K < T < 500 K) mol. gas

Diagnostic Spectral Lines
In 10-100 um probe
Star forming ISM:

-ionized gas

-atomic neutral gas

-molecular gas
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Relative Sizes of HST ACS Surveys

Digitized Sky S.ur\-/ey: gfou nd-based image for compa‘riéoh

10

Tier 2: COSMOS e L
| spectroscoplc survey with: MRSS
) Imagmg survey with FIP

.

 Goal to go deep over a Iarger area.
- LIRGS @ z=6, :

COSMOS



Tier 3: Stripe 82
spectroscopic survey with MRSS
Imaging survey with FIP

Goal to cover a larger area: ULIRGS @ z=6, millions of galaxies




Magnetic fields (FIP) and turbulence (HERO, HRS)




[ uk lonof blanetarv svstéms
from the mter tellar medium to life-bearing worlds

Interstellar medium
' .,



[ uk lonof blanetarv svstéms
from the mter tellar medium to life-bearing worlds

/

Interstellar. medium Protoplanetary' disks



Water Transport to T su 10 Lo-1o,
Terrestrial Planetary Zone pre-stelle core
(HRS, MRSS, HERO)

Science Goal: Observe gas-phase water in
interstellar clouds and dense star-forming
cores to probe critical processes related
to formation and transport of water to
the terrestrial planet zone, as a key input ..
to habitability.
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[ uk lonof blanetarv svstéms
from the mter tellar medium to life-bearing worlds

/

Interstellar medium Protoplanetary disks Planetary.systems



Following the_'atlon of planetarv svstems
from the mters'lar medlum to life-bearing worlds

Interstellar.medium Protoplanetary disks Planetary.systems | Exoplanets



What are ProtoPlanetary disk gas masses? (HRS MRSS HERO)

= HD is a million times more
emissive than Hx at T ~ 20

K. = TW Hya disk
= Atomic D/H ratio inside mass
the local I_oubble Is well Muaisk ~ 0.05
characterized (~1.5 x 107) Mo
= HD will follow H2 in the
gas
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1072 1072 107!

100 x Mau (Mo) \Wjlliams and Cieza 2011
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112 113 114
Wavelength (um)

56.0 56.5 57.0
Wavelength (um)

Bergin+ 2013






FIP mapping of Outer Solar System

* Measure the thermal emission (FIP) of
small bodies in outer Solar System —
1000’s of targets

« Constrain the thermal history and
evolution of the Solar System.

 Characterize Planet IX?




FIP mapping of Outer Solar System

» Measure the thermal emission (FIP) of
S— small bodies in outer Solar System —
4 miérEmJy IimiE. 125um 1 OOO’S Of targets

« Constrain the thermal history and
evolution of the Solar System.

Characterize Planet IX?

Diameter (km)

Heliocentric Distance (AU)



Debris Disks and Giant Planets (FIP)

Spectral Energy
Distribuion of HR8799

Asteroid Belt
= Kuiper Bslt
= Disk Halo : <
— — Total Disk Emission 8

Spitzer 24 Herschel 70

offset from center (arcsec

AN
AN
\\asteroid \KBO disk
Su et al. 2009 e \ o
u et al. < LN e R
0wt @80 © O NearIIR
Matthews et al. 2013 ? e d ¢ b -

Marios et al. 2010 6-8 AU 100-250 AU up to ~1000AU




Exoplanets — Transits (MISC)

(See Stevenson: special session Wed.)

Transits for exoplanets

- Primary transit (probes
terminator)

- Secondary eclipse (probes
dayside)

- Lightcurves can indicate
further patterns (time
consuming)

- Atmosphere Characterization

- Biosignatures

TRANSIT

The planet's contribution to the
spectrum comes from the starlight
passing through its atmosphere.

CRESCENT
Just before the
planet starts to
transit the star, its
spectrum comes
from a thin sliver
of its disk. FULL FACE
Just before the
- planet goes
behind the star,
its spectrum
comes from the
whole disk.

ECLIPSE

The planet is invisible
to Earth; the observed
spectrum comes from
the star alone.

Star and planet Star Planet

Spectrum
r .
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Exoplanets — Coronagraph (MISC)

Main targets: Warm Gas Giants & Jupiters
Interesting to help our view of whole Planetary systems

- because of the large IWA, no HZ planets
- Direct imaging doe not drive HZ planet case

Ground-based ELTs searches can provide complimentary
VIS/NIR data for such planets
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