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Spitzer and Akari
are on orbit

e Spitzer (2003) e Akari (2006)
— 85cm., <5.5K — 70cm. <6K

— 3—160um — 2—160um
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e Dedicated for Survey
— Mid-IR version of 2MASS survey

e Diameter: 0.5m
e Wavelength: 3.5 — 23um
e Spatial resolution: 5”

e Launch: 2009 Orbit: polar 600km
— NASA MIDEX selected (Aug. 2004)
— Life: 6 months



SNAP

(SuperNovae / Acceleration Probe)

4"’

e Specific purpose
— Cosmological
constant / dark O 113
energy W
e Diameter : 2.0m e
e Wavelength: 0.35
- 1.7um

e FOV: 35arcminz x 2 (opt & NIR)
e Orbit: “Prometheus” orbit

e Launch: 20??

— NASA, DOE funds have been approved by
Council

— Life : more than 2.5 years



Next Generation IR Space
Observatories

e Hershel (2008?)
e JWST (20137?) e SPICA (2015?) _ 3.5m. 70K
— 6.5m, 30K — 3.5m, <5K — 60~670um

— 0.6~27um — 5~200pm main
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Herschel Space Observatory

ESA

Lauch: 20087, 3 years life
Telescope: 3.5m, 80K
Wavelength: 60-670um
PACS ( A=60-210.m)

— Imaging: 1°.75x3’.5

— Spectroscopy: R=2000
SPIRE( 1=200-600.m)

— Imaging: 4’x8’

— Spectroscopy: R=100-1000
HIFI




PLANCK

e ESA

e Launch: 20087 (together
with Herschel)

e 1.5 m telescope

e CMB anisotropy over the
whole sky (in 15 months)
— Similar (better?) angular

resolution with
WMAP(~0.2deg)

— wider wavelength
coverage than WMAP, 0.3
—10mm




GAIA

e ESA’s space astrometry mission at
optical

e All-sky, 10pas

e Launch:

— December 2011
(Soyuz rocket from
French Guiana).

e Status:

— Under development, K & 4
SAS as prime
contractor.

e Orbit: S-E L2




JWST
(James Webb Space Telescope)

General purpose space 4
telescope |

Diameter: 6.5m, T<50K
Launch: 20137, ~5 year life

Wavelength: 0.6-10um
— NIRCAM

* 0.6-5um, 2’°.3x4’.6x2, R=100 tunable
filter

— NIRSPEC

* 0.6-5um, 3’x3’ MOS with micro
shutter (or IFU)

- Spectra of 100 objects per exposure
— MIRI

« 5-27um, 1°.5x1’.5

* R=100, 1500-3000 spectroscopy




SPICA

Space Infrared telescope
for Cosmology and Astrophysics

Telescope: 3.5m, 4.5 K

— JWST(20-40K), HSO(80K)

Core A:5-200 yum

— Complementary to JWST
(Opt-NIR), HSO (Sub-mm)

Orbit: Sun-Earth L2

Halo

Warm Launch, Cooling »
on Orbit

Total Weight: 2.6 t ’ a\ o

Launch: 2015? by HIIA WA
~5 year life v







SAFIR

(was) included in NASA space science road map
10 m telescope cooled to 4K
Wavelength: 15-600um

— Natural-background-limited sensitivity
Diffraction-limited angular resolution at ~40um

Single-Aperture Far-IR (SAFIR) Telescope




SPIRIT & SPECS

e FIR & Submm space interferometer
— 1km maximum baseline

e Sensitivity comparable to that of SAFIR
e Far better angular resolution than SAFIR

Space Infrared Submillimeter Probe of the
Interferometric Telescope Evolution of Cosmic Structure

SPIRIT




Angular resolution of
SAFIR, SPIRIT, SPECS
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The Astrophysics: Content of FYO7 Budget

FYO6 FYO7 FY08 FY09 FY10 FY11

[FY 07 President's Budget 1,507.9 15092 15009 1,30/9 1,2/6.1 1,309.7]
Navigator 1455 1281 1706 2769 2616 347.0
SIM 117.0 985 1390 2362 2225 3022
Keck Interferometer / Single Aperture 9.6 10.2 9.6 8.4 7.0 7.0
TPF 3.4
Corporate / Other 15.5 194 22.0 32.3 321 37.8
James Webb Space Telescope 364.0 4431 4926 3809 3530 305.0
Hubble Space Telescope 2686 3367 3022 1614 1203  138.5
Development 166.5 216.2 1789 55.0 454 457
Operations and Data Analysis 87.0 1020 106.0 97.0 68.0 85.0
Corporate 15.1 18.5 17.3 9.4 6.9 7.8
Stratospheric Observatory for Infrared Astronomy (SOFIA) 48.0
Gamma-ray Large Space Telescope (GLAST) 125.9 85.4 25.2 28.8 29.3 30.4
Discovery (Kepler / Corporate) 1375 100.8 69.9 13.8 134 13.0
Explorer (Universe) 854 67.6 86.1 56.7 19.0 4.6
WISE 69.7 53.9 1.7 44.8 8.8 4.3
Swift, Suzaku 10.9 10.0 9.5 8.6 9.1
Corporate 4.8 3.7 4.9 3.3 1.1 0.3
Universe Research 3058 3066 309.2 2974 2889 2596
Research and Analysis 65.1 54 4 24.0 56.0 53.9 55.9
Chandra 58.4 63.0 65.1 64.7 65.1 65.0
Spitzer 74.3 76.6 75.7 7.7 66.4 35.9
Other Missions / Data 68.1 71.2 70.8 59.2 58.4 59.2
Balloons 22.8 24.5 25.8 285 28.8 29.0
Corporate / Other 17.1 16.9 17.8 17.3 16.3 14.6
ISSC (Herschel / Planck) 13.0 19.6 23.6 38.9 38.5 36.3
Bevond Einstein 14.1 21.2 214 53.0 1522 1754

* Future Explorer Budget is in Heliophysics Division budget
lhhimea 0 2AN0WNE
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NASA Priority Table (1)

James Webb Space Telescope (JWST) [2013]
Strategic mission

Top-ranked Space-based “Major Initiative” in the 2001 decadal survey;
infrared successor to Hubble to image first light from the Big Bang

Hubble Space Telescope — Servicing Mission 4
(HST-SM4) [2008]
Strategic mission

Continued operation endorsed by 2001 decadal survey; Report of the
HST-JWST Transition Panel (2003). Shuttle mission to replace
instruments and equipment to extend HST life.

Gamma-ray Large Area Space Telescope
(GLAST) [2007]
Strategic mission

Top-ranked space-based “Moderate Initiative” in the 2001 decadal
survey; all sky survey of high-energy gamma ray sources

Herschel Space Observatory (Herschel) [2008]
Planck Surveyor (Planck) [2008]
Instruments on international missions

ESA mission with NASA as partner; US participation endorsed in the
2001 decadal survey; star formation and cosmic background radiation,
respectively

Kepler [2008]
Competed mission - Discovery

The 2002 solar system exploration decadal survey “endorses the
fundamental importance of the Discovery line of missions.” Survey
100,000 stars to search for Earth-size planets.

Wide-field Infrared Survey Explorer (WISE)
[2009]
Competed mission - Explorer

2003 selection in MIDEX (Explorer) competition. The 2001 decadal
survey “endorses the continuation of a vigorous Explorer Program”. All
sky survey in infrared for a wide range of studies.

Stratospheric Observatory for Infrared
Astronomy (SOFIA) [2010 Initial Operating
Capability]

Strategic Mission

Endorsed as a “Moderate” program in the 1991 decadal survey;
reaffirmed in the 2001 decadal survey. Observations of stellar and
planet-forming environments.

Explorer (MIDEX) [2013]
Competed mission — Medium Explorer

2008 solicitation for launch in 2013. The 2001 decadal survey
“endorses the continuation of a vigorous Explorer Program”

Explorer (SMEX) [2015]

2010 solicitation for launch in 2015; the 2001 decadal survey



NASA Priority table (2)

Future strategic missions planned for launch
after 2015 (unprioritized)

Space Interferometry Mission (SIM)

Strategic Mission

Beyond Einstein-1

Constellation-X (Con-X)

Joint Dark Energy Mission (JDEM)

Laser Interferometer Space Antenna (LISA)

Black Hole Finder Probe (BHFP)

Inflation Probe (IP)

Terrestrial Planet Finder (TPF)
Strategic mission

The priorities for those missions that launch after 2015 will be
likely be re-established following the release of the next
decadal report of the Astronomy and Astrophysics Decadal
Survey (expected by 2010 or 2011).

Endorsed by the 1991 decadal survey as a new Moderate Program;
re-endorsed in 2001 decadal survey. Characterize other planetary
systems.

One of the five missions below, based on the recommendation of the
NRC in a study now underway for this purpose

Second-ranked space-based “Major Initiative” in the 2001 decadal
survey: x-ray observation to study black holes, dark matter & energy

Endorsed by the NRC Connecting Quarks with the Cosmos report
(2003); measure cosomological parameters of the expanding universe
joint mission with DOE

Second-ranked space-based “Moderate Initiative” in the 2001 decadal
survey. Measure gravitational waves; joint mission with ESA

One potential implementation (the Energetic X-ray Imaging Survey
Telescope) is the fourth-ranked Space-based Moderate Initiative in the
2001 decadal survey; census of black holes

One potential implementation (CMB Polarization) is endorsed by the
NRC Connecting Quarks with the Cosmos report (2003); stringent test
of inflationary cosmology and Big Bang physics

Third-ranked space-based “Major Initiative” in the 2001 decadal
survey: characterize all components of other planetary systems, image
Earth-like planets and search for signs of life
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What are the conditions for planetary formation
and the emergence of life?

Now and tomorrow  Cosmic Vision step 1

=

Herschel

JWST
What are exoplanets and which = Are there Earth-like exoplanets?
stars have them?

What are their characteristics?
Y
Near-Infrared
- Nulling
Interferometer

Are there markers of
biological activity on
exoplanets and on Mars?

What are rocky planets in
the Solar System like?

o

Huygens Venus Express

Mars Express  BepiColombo

Cosmic Vision step 2

Far-Infrared
Observatory

&

What makes the Solar
System habitable?

Solar Polar
Orhiter

‘ terrestrial exoplanets?

Further steps

How frequent are

Terrestrial Planet
Astrometric Surveyor

What are the defailed contents
of exoplanetary atmospheres?

Exoplanet Atmosphere |
Analyser

Are there continents
and oceans?

Terrestrial Planet
Imager

Are there markers of
biological activity on Europa?

E Europa Probe




How does the solar system work?

How do environmental
interactions affect other
planets?

BepiColombo

How have r ﬂ
atmospheres o
| evolved? s

' Venus Express

‘ Which processes affect the
‘ solar-terrestrial environment today?

Are there Earth-like

Solar Orbiter exoplanets?
P e e
LY
Is our Salar Near-Infrared
System unique? - Nulling
Interferometer

How does the Earth's
magnetosphere react to solar
variations?

| Eath
d Magnetospheric
: Swarm
Do solar magnetic field
variations influence the Earth?

Solar Polar
Orbiter

Now and tomorrow = Cosmic Vision step1 Cosmic Vision step 2

Further steps

Near-Earth

Object Sample
Return

What happens at the frontier
between the Sun's empire and
the interstellar medium?

Interstellar Heliopause
Probe

Do exoplanets differ from
our own planet; if so, why?

© Terrestrial Planet
Astrometric Surveyor



What are the fundamental physical laws

of the Universe? |
Now and tomorrow  Cosmic Vision step 1 | Cosmic Vision step 2 Further steps

_‘irj{.-\ _31.-

) | Short-Range ‘
Microscope : Deep Space Gravity Probe
_ % Gravity Probe [
Probing the first stars and " e
ACES black holes Quantum Theory
: - Space Laboratory
Was Einstein right about * ~ Gravitational
black holes? . Wave Cosmic
: % Surveyor : -
@ What happened in the first
| 10 s after the Big Bang?
) - ) Bm Bang
LIS ' How does matter behave Where do the ultra-high- Q Observer
near black holes and in energy cosmic rays ———
Where are black holes and neutron stars? originate?
neutron stars and how do y
they form? Ultra-High-Energy
—— Cosmic Ray
s Mission
ﬁ What do extreme regions
look like?

Integral




How did the Universe originate
and what is it made of?

‘ Now and tomorrow | Cosmic Vision step 1 Cosmic Vision step 2 Further steps ‘

+ m ol Eon fla Fived
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|"
) “’s a" or the Big Bang?

’Z;z Big Bang
Observer

How do galaxies evolve What are the sources hidden How do we measure distances

through violent interactions by dust absorption? beyond our Galaxy into the
with black holes? @ Y Local Group?
e s e
How do stars and | Stellar Astrometric Surveyor
galaxies populate —
the Universe?
How did the first stars mms What makes a supernova
and black holes form? explode? What happens next?
' : — eege ) | Imaging Telesco
Itegral What happens to the matter Lo Gravitational i iz
Where are black holes and y falling into black holes? ' Wave Cosmic |

Surveyor Look closer at black holes
neutron stars and how do they 4

form?
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