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NASA	  GSFC;	  Desika	  Narayanan,	  University	  of	  Florida;	  Klaus	  Pontopiddan,	  STSCI;	  Alexandra	  Pope,	  University	  of	  
Massachuse]s;	  Thomas	  Roellig,	  NASA	  Ames;	  Karin	  Sandstrom,	  UC,	  San	  Diego;	  Kate	  Y.	  L.	  Su,	  University	  of	  
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Technical Definition!

Aperture	  
Diameter	  

FOV	   DiffracRon	  
Limited	  at	  

Temperature	  

8-‐15	  m	   0.5-‐1	  square	  
degree	  

40	  μm	   ~4	  K	  

Telescope	  Parameters	  



Technical Definition!

Actively-Cooled 
Large Aperture 

Will attain sensitivities 
100–1000x greater 

than any previous far-
infrared telescope

Potential 
Wavelength 
Coverage from  
5 µm–1 mm 

Enables observations of biosignatures in the atmospheres of transiting Earth-like planets, mid- and far-infrared 
diagnostic lines in galaxies out to redshifts of 10, and characterization of water from the Solar System to the ISM.

Unprecedented Sensitivity 

Fast mapping speed with hundreds or 
thousands of independent beams will enable 
3D surveys of large areas of sky, pushing to 
unprecedented depths to discover and 
characterize the most distant galaxies to the 
outer reaches of our Solar System.

Timeline of IR 
Space Telescopes

Origins will be an actively cooled telescope covering the infrared spectrum.  Spectrographs and imagers 
will enable 3D surveys and discover and characterize distant galaxies, exoplanets, and the outer reaches of 
the Solar System.  We would like to hear from you.  Contact us at:


email: OST_info@lists.ipac.caltech.edu      twitter: @NASAOriginsTele 
web: origins.ipac.caltech.edu  •  asd.gsfc.nasa.gov/firs

FS-2016-10-503-GSFC

Capabilities & 
Characteristics



Technical Definition!

Instrument	  SpecificaRons	  

Instrument	  

Wavelength	  
Coverage	  
μm	  

Spectral	  
ResoluRon	  	  
(λ/Δλ)	  

Field	  of	  view	  
#spaRal	  pixels	  

Typical	  
Required	  
SensiRvity:	  	  	   Other	  
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low-‐res~500	  	  
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100	  per	  
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10-‐21	  W/m2	  
(spectral	  line)	   mulN-‐channel	  
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(spectral	  line)	  

photo-‐
counNng	  
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km/s	  @	  1	  THz	  

polarized,	  
background	  
limited	  
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Mid-‐Infrared	  
Instrument	   6	  to	  40	  

imager:	  R~15,	  
spectrometer:	  	  
R>500	   	  106	  

photometric:	  
1	  μJy	  @10	  μm	  

coronagraph~
10^-‐6	  @	  0.5"	  
@	  10	  μm	  



New	  Technology	   New	  Capability	  

Space 
Wavelength 
coverage 

JWST<—>ALMA 

Cold Mirror Spectroscopic line 
sensitivity 

Large Telescope Spatial resolution 
and sensitivity 

Large Detector 
Arrays Wide field imaging 

Compact Gratings 
& Integrated 

Spectrometers 
3D mapping 

Mid-IR 
Coronagraph 

Exoplanet+Disk 
Characterization 

Bradford	


New Science Requires !
New Technologies!

15	
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Off-‐Axis	  9.3m	  Diameter	  
Projected	  Area:	  ~56m2	  

37	  Segments	  
Segment	  Flat	  to	  Flat:	  1320mm	  
Mass	  Rough	  EsNmate:	  3462	  kg	  

Backplane	  Depth:	  ~495mm	  

JWST	  Segment	  56m2	  Area	  

5m	  x	  19.8m	  Fairing	  
Inst:	  48m3	  

Bus:	  38m3	  

Technical Definition: JWST 
Segment 56 m2 Area!

18	  



On-‐Axis	  
NoNonal	  Secondary	  
and	  Sun	  Shade	  	  

DTA	  

Secondary	  

Technical Definition: !
Secondary & Shade!

1/9/17	   The	  Origins	  Space	  Telescope:	  	  AAS/COPAG,	  	  
M.	  Meixner	   19	  



Melnick	


Technical Definition: !
Telescope Temperature!

1/9/17	   20	  



Science	  &	  Technology	  DefiniNon	  Team	  	  Schedule	  

•  January	  to	  July	  2017:	  
–  Complete	  preliminary	  designs	  for	  telescope	  and	  instruments	  
–  Secure	  instrument	  design	  contribuNons	  
–  IdenNfy	  technology	  drivers	  

•  August	  to	  September	  2017	  
–  Define	  required	  technologies	  
–  Complete	  preliminary	  mission	  design	  

•  January	  to	  March	  2018:	  
–  Finalize	  Telescope	  and	  Instrument	  Designs	  
–  Finalize	  mission	  design	  including	  spacecras	  bus	  

•  April	  to	  August	  2018:	  
–  IdenNfy	  de-‐scope	  opNons	  
–  End-‐to-‐end	  Mission	  cost	  esNmaNons	  

•  January	  2019:	  
–  Submit	  the	  final	  study	  report	  to	  NASA	  HQ	  

•  March	  2019:	  
–  Far-‐IR	  Study	  Results	  presentaNon	  to	  Decadal	  Commi]ee	  

1/9/17	   The	  Origins	  Space	  Telescope:	  	  AAS/COPAG,	  	  
M.	  Meixner	   21	  



How do I get involved?!

What’s	  happening	  now:	  
•  Five	  science	  working	  groups:	  membership	  is	  open	  to	  the	  	  
community	  (US	  and	  foreign)	  
•  Deciding	  on	  science	  quesNons	  in	  the	  post-‐JWST,	  15	  years	  of	  ALMA	  	  
	  	  operaNons	  in	  an	  era	  of	  Extremely	  Large	  Telescope	  (ELT)	  and	  guiding	  	  
	  instrument	  and	  telescope	  design.	  
	  
Solar	  System:	  	  Stefanie	  Milam	  
Planet	  FormaRon	  and	  Exoplanets:	  Klaus	  Pontoppidan	  and	  Kate	  Su	  
Milky-‐Way,	  ISM	  and	  Local	  Volume	  of	  Galaxies:	  Cara	  Ba]ersby	  and	  Karin	  Sandstrom	  
Galaxy	  and	  Blackhole	  EvoluRon	  Over	  Cosmic	  Time:	  Lee	  Armus	  and	  Alexandra	  Pope	  
First	  Billion	  Years:	  Joaquin	  Vieira,	  Ma]	  Bradford	  



How do I get involved?!

Send	  	  email	  to:	  
	  
ost_info@lists.ipac.caltech.edu	  	  
	  
	  



From the Rise of Metals to !
Water for Habitable Worlds!

Science	  coverage	  will	  be	  broad:	  	  highlight	  some	  of	  the	  goals	  
•  First	  Billion	  Years:	  

•  Protogalaxies	  
•  Galaxy	  evoluNon	  

•  Galaxy	  and	  Blackhole	  EvoluNon	  
•  ISM	  probes	  for	  galaxies	  
•  Rise	  of	  metals	  

•  Nearby	  Galaxies	  &	  Milky	  Way:	  
•  PolarizaNon	  
•  Feedback	  in	  galaxies	  
•  Water	  transport	  

•  Planetary	  systems:	  FormaNon	  &	  Exoplanets	  
•  Dust	  disks	  
•  Gas	  disks	  
•  Exoplanet	  atmospheres	  

•  Solar	  system	  
•  Small	  body	  census	  
•  Planet	  IX	  
•  Isotopes	  and	  origin	  of	  Earth	  water	  



COSMIC	  DAWN	  -‐	  EARLY	  UNIVERSE	  -‐	  COSMOLOGY	  

• Collapse to form first stars and proto-galaxies	

–  Primordial cooling via H2 rotational lines	

–  seeds of super massive black holes 	


• Cosmic chemical evolution of the 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	


Big Picture topics 	

already identified:	


Vieira	


Science Topics!
First Billion Years!
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Science Topics!
First Billion Years!

Scavenger	  Hunt	  Secret	  Word:	  
Universe	  
	  
Nnyurl.com/OSTScavengerHunt	  
	  

26	




Origins Space Telescope	

2020 Decadal	

8-15 m single aperture	

6—1000 μm (TBD)	

4.5 K	


Hubble Space Telescope	

1990—2025+	

2.4 meter	

0.1—2.4 μm	

260 K	


James Webb Space Telescope	

2018—2028	

6.5 meter	

0.7—28.3 μm	

50 K	


Vieira	


Science Topics!
First Billion Years:!



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


www.astrochemistry.org/
pahdb/ 

Pope	


Science Topics!
Galaxy and Blackhole Evolution!
!

28	




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


www.astrochemistry.org/
pahdb/ 

Pope	


Science Topics!
Galaxy and Blackhole Evolution!
!

29	




Hollenbach & 
Tielens 1997 

PAH 
H2 

CO 

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


www.astrochemistry.org/
pahdb/ 

Pope	


Science Topics!
Galaxy and Blackhole Evolution!
!

30	




Hollenbach & 
Tielens 1997 

PAH 
H2 

CO 
Molecular 
cloud 

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


www.astrochemistry.org/
pahdb/ 

Pope	


Science Topics!
Galaxy and Blackhole Evolution!
!
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Hollenbach & 
Tielens 1997 

PAH 
H2 

CO Molecular 
cloud 

www.astrochemistry.org/
pahdb/ 

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


Pope	


Science Topics!
Galaxy and Blackhole Evolution!
!
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Vieira	


Science Topics!
Galaxy and Blackhole Evolution!
!

1/9/17	   The	  Origins	  Space	  Telescope:	  	  AAS/COPAG,	  	  
M.	  Meixner	   33	  



ALMA 

JWST 

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


Pope	


Science Topics!
Galaxy and Blackhole Evolution!
!

1/9/17	   The	  Origins	  Space	  Telescope:	  	  AAS/COPAG,	  	  
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MagneRc	  fields	  and	  turbulence	  
	  
	  Planck: 15ʹ′ 

Planck	  	  
CollaboraNon	  

BLASTPol: 2.5ʹ′ 

ALMA: 0.3ʺ″ 

? 
OST: 2ʺ″ 

For	  joint	  analysis	  of	  
turbulence	  &	  B-‐field	  
structure,	  see,	  e.g.,	  	  

Heyer+2008	  

Image courtesy of  
Phil Mocz 

Science Topics!
Nearby Galaxies & Milky Way!

Hull	  &	  Roslowsky	  



Science	  Goal:	  Characterize	  the	  mechanisms	  of	  feedback	  from	  
AGN/star	  formaNon	  across	  the	  spectrum	  of	  galaxy	  masses	  and	  
types	  and	  quanNfy	  the	  amount	  of	  material	  recycled/expelled	  
from	  galaxies	  at	  z<1.	  

Galaxy	  Feedback	  Mechanisms	  at	  z<1	  

Science Topics!
Nearby Galaxies & Milky Way!

	  	  	  	  	  -‐2000	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐1000	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
+1000	  

Δv	  (km/s)	  

Mrk	  231	  
Sturm	  et	  al.	  (2011)	  
OH	  P-‐Cygni	  
profiles	  
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Extraplanar	  [CII]	  
Franeck	  et	  al.	  in	  prep.,Walch	  et	  al.	  (2015)	  
SimulaNons	  of	  SF-‐driven	  winds	  

Bola]o	  



Science	  Goal:	  Observe	  gas-‐phase	  water	  in	  interstellar	  
clouds	  and	  dense	  star-‐forming	  cores	  to	  probe	  
criNcal	  processes	  related	  to	  formaNon	  and	  
transport	  of	  water	  to	  the	  terrestrial	  planet	  zone,	  
as	  a	  key	  input	  to	  habitability.	  

	  

Water	  Transport	  to	  Terrestrial	  Planetary	  Zone	  

Science Topics!
Nearby Galaxies & Milky Way!

P.	  Goldsmith	  
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Spitzer	  24	  
µm	  

Herschel	  70	  
µm	  

Debris Disks and Giant Planets 	


star	  

24	  
µm	  

70	  
µm	  

Spectral	  Energy	  
Distribuion	  	  of	  HR8799	  

Su	  et	  al.	  2009	  

PA	  ∼60o,	  i	  ∼25o	  	  	  unresolved	  

Su+	  2009	  

Marios+2008,	  2010	  

Ma]hews+	  2013	  

detect Oort clouds	

around nearby stars	


Pontoppidan	


Science Topics!
Planetary systems: Formation & 
Exoplanets!
!
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WHAT ARE PROTOPLANETARY DISK GAS MASSES?	
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➡ HD is a million times more 
emissive than H2 at T ~ 20 K.	


➡ Atomic D/H ratio inside the 
local bubble is well 
characterized (~1.5 x 10-5)	


➡ HD will follow H2 in the gas	
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➡ TW Hya disk 
mass    	


    Mdisk ~ 0.05 M⨀	


Pontoppidan	


Science Topics!
Planetary systems: Formation & 
Exoplanets!
!
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Weather and climate on exoplanets	

POTENTIAL FOR TRANSITING HABITABLE PLANETS AROUND M DWARFS? 	


Jupiters around M-dwarf stars via transits.	

Direct imaging of Jupiters at Jupiter distances with a 
coronagraph. 	


103-104 increase in 	

contrast ratio at mid-IR 	

over optical-near IR	


Pontoppidan	


Br
ig
ht
ne

ss
	  T
em

p.
	  	  (
K)
	  

Fl
ux
	  

Pl
an
et
-‐t
o-‐
st
ar
	  ra

No
	  

Br
ig
ht
ne

ss
	  

Science Topics!
Planetary systems: Formation & 
Exoplanets!
!
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•  Measure the thermal emission (via 
Far-IR imaging) of small bodies in 
outer SS – 1000’s of targets	


•  Moving Targets Not limited by 
confusion.	


Heliocentric Distance (AU)	
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History	  and	  EvoluNon	  of	  the	  Solar	  System	  (SS):	  

REVEALING	  THE	  SOLAR	  SYSTEM	  IN	  THE	  FAR-‐IR	  

Milam	
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Solar system!
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Find	  Planet	  IX	  
•  Goal:	   Do	   we	   really	   understand	   our	   outer	  

backyard?:	   Find	   Planet	   Nine	   (from	   Outer	  
Space!)	  

Even	   a	   2	   Earth	   Radius	   Planet	   9,	   with	   Teff=37K	   has	   ~4	  
mJy	   flux	   at	   80um	   is	   detectable	   with	   a	   5	   meter	   OST	  
architecture.	  OST	  5	  meter	  (10	  meter),	  5-‐sigma,	  1second	  
sensiNvity	  at	  80um	  as	  0.6	  (0.15)	  mJy.	  

Science Topics!
Solar system!
!
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Planetary	  Origins	  a’nd	  EvoluNon	  of	  the	  Solar	  System	  

•  Goal:	   To	   measure	   accurate	  
isotopic	   raAos	   and	   abundances	   of	  
trace	   gases,	   to	   constrain	   models	  
and	   inform	  understanding	  of	   solar	  
system	  origin	  and	  evoluAon.	  	  

ARTICLE IN PRESS

et al., 1999) due to the mixing of their atmospheres with D-rich
grains present in their cores (see Fig. 1). Comparing the D/H ratio
in the four giant planets therefore provides a key insight into the
composition of the protoplanetary grains, and their possible link
to cometary grains (Hersant et al., 2001). The exact knowledge of
the current D/H ratio in the Martian atmosphere is a key
parameter in understanding the pre-Jeans escape water
reservoir which is believed to be characterized by a D/H value
about twice the terrestrial D/H ratio (Owen et al., 1988;
Krasnopolsky et al., 1997), i.e. consistent with (Oort-cloud)
cometary values. Whether cometary material is the best choice
for the dominant source of Martian water or if differences in the
Martian accretion history (i.e. heterogeneous versus
homogeneous accretion in connection with hydrodynamic
escape) can explain this enrichment, is an open question.
Knowledge about the exact D/H ratios of the present Martian
atmosphere and in Kuiper belt comets (from HDO=H2O) will be
milestones in constraining not only the thermal escape flux, but
also the currently remaining water reservoirs on Mars. Herschel
will also allow us to determine the origin of the external sources
of water on the giant planets and Titan (Feuchtgruber et al., 1997;
Coustenis et al., 1998). These measurements will be used to better
constrain the production of water and dust in the outer Solar
System. Specific aspects of water studies of this programme
concerning the terrestrial and outer planets on the one hand and
comets on the other hand will be described in the following
sections.

4. Mars

HIFI will be able to determine vertically resolved D/H profiles
from H2O and HDO vertical profiles in the Martian atmosphere.
The accuracy of the D/H determination will be an order of
magnitude higher compared to former column abundances
measurement (Krasnopolsky et al., 1997) (enrichment by 572
compared to SMOW), i.e. it will not only constrain the water
reservoir (Leshin, 2000; Lunine et al., 2003) and Jeans escape (e.g.,
Yung et al., 1988; Owen et al., 1988) of Mars, but also has the
potential to find isotopic fractionation as a function of altitude and
season (see Montmessin et al., 2005). Regarding oxygen, slightly
non-terrestrial values have been reported for 18O/16O and 17O/16O,
respectively, 13% and 7% lower than their telluric counterpart
(Krasnopolsky et al., 1996). Neither confirmed by Encrenaz et al.
(2005) nor by Krasnopolsky et al. (2007), this surprising result
(obtained with CO2) needs confirmation by measuring the oxygen
isotopic ratios in both CO and H2O. Thus, specific observations of

C17O, C18O, H17
2 O and H18

2 O will be performed. Understanding
water isotopic ratios requires understanding of the Martian
atmosphere as a whole, but there are still many unsolved
questions related to the past climate of Mars and, in particular,
the history of the H2O and CO2 reservoirs. In order to address
these problems, we first need to better understand the present
aeronomy of Mars and, more precisely, the water cycle. The
composition of the Martian atmosphere is largely governed by the
photochemistry of carbon dioxide and water (Nair et al., 1994),
since water is the gas source of hydrogen radicals. The latter have
been identified as the predominant catalytic drivers of carbon and
oxygen chemistry and explain the rather low amounts of CO and
O2 in the Martian atmosphere (Parkinson and Hunten, 1972;
Sonnemann et al., 2006). Quasi-simultaneous measurements of
the vertical distribution of H2O along with CO, O2, H2O2 and
temperature of the lower and middle atmosphere of Mars are a
powerful tool for constraining these models. Regarding the
Martian atmospheric composition, few gaseous molecular species
have been spectroscopically identified so far: CO2, CO (Kaplan
et al., 1969), H2O (Kaplan et al., 1964), O2 (Carleton and Traub,
1972), O3 (Lane et al., 1973) and recently H2 (Krasnopolsky and
Feldman, 2001), H2O2 (Clancy et al., 2004). Yet, photochemical
models do predict the presence of a number of additional
compounds, such as OH, HO2, NO, etc. (Nair et al., 1994; Lef!evre
et al., 2004; Sonnemann et al., 2009). A number of minor species
in the Martian atmosphere are intimately related to water and are
expected to vary in correlation (e.g., H2O2, HO2, OH) or anti-
correlation (O3). They play an important role in the comparative
planetology context (e.g., Seele and Hartogh, 1999; Hartogh et al.,
2004; Sonnemann et al., 2007).

The water cycle is a key aspect of the Martian atmosphere/
surface system. Temporal and spatial variations of the column-
integrated amount of water have been characterized by space
missions such as Viking (Jakosky and Farmer, 1982), Mars Global
Surveyor, (Smith, 2002), and Mars Express (Fouchet et al., 2007).
However, it was not possible to retrieve the vertical profile of
water from these observations due to their low spectral resolu-
tion, except recent solar infrared occultation observations with
Mars Express of Fedorova et al. (2009). HIFI observations should
enable retrievals with an accuracy at least better by a factor of 5.
So, extremely limited information is available on the vertical
profile of water. So far only ground-based heterodyne observa-
tions using the weak H2O 22 or 183 GHz and HDO 226 GHz lines
(Clancy et al., 1992; Encrenaz et al., 1995, 2001) SWAS and Odin
observations which both targeted the ground state transition of
water (Gurwell et al., 2000; Biver et al., 2005) have provided
results, but they have generally lacked in sensitivity to retrieve

Fig. 1. D/H ratios in the Solar System.

P. Hartogh et al. / Planetary and Space Science 57 (2009) 1596–1606 1599
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How do I get involved?!

Send	  	  email	  to:	  
ost_info@lists.ipac.caltech.edu	  	  
	  
Visit	  our	  website:	  
asd.gsfc.nasa.gov/firs	  
	  
OST	  scavenger	  Hunt:	  
Nnyurl.com/OSTScavengerHunt	  
	  
Scavenger	  Secret	  word:	  
Universe	  


