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The Spitzer Space Telescope:
Last of the Great Observatories

Rolf Jansen

Based mostly on:

Werner, M.\W., et al. 2004, ApJS 154, 1 | Spitzer mission
Fazio, G.G., et al. 2004, ApJS 154, 10 | IRAC instrument
Houck, J.R., et al. 2004, ApJS 154, 18 | IRS instrument

Rieke, G.H., et al. 2004, ApJS 154, 25 | MIPS instrument

with additional information and graphics from:

| NASA Facts, Spitzer Space Telescope | factsheet
| Spitzer web-pages at: http://ssc.spitzer.caltech.edu
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Wow/!



AST494/591 | Jan 30, 2009 Slide 3

Outline

What | is NASA's orbiting Great Observatories program?

Why | do we need coverage at multiple wavelengths, from space ?
When | or a bit of history of the eld, particularly IRAS

How | does Spitzer dier from IRAS?

What | is  Spitzer contributing?

What | instruments does Spitzer contain?

How | do these perform?

Wow | pretty pics!
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NASA's orbiting Great Observatories program

Four observatories, each accessing di erent wavelength reg Ime

{ Hubble Space Telescope (HST ): UV{optica{near-IR

{ Compton Gamma-Ray Observatory ( CGRO ): -rays
{ Chandra X-ray Observatory ( Chandra ): X-rays

{ Spitzer Space Telescope ( Spitzer ): mid-IR{far-IR
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NASA's orbiting Great Observatories program

Overlap between operational mission life: expected synergy

{ HST : 1990{present

{ CGRO : 1991{1999 (de-orbited)

{ Chandra : 1999{present

{ Spitzer : cold mission 2003{2009, warm mission 2009{??



AST494/591 | Jan 30, 2009 Slide 6

Why multiple wavelengths?

No single wavelength regime
30,000K is suitable to study matter
of all temperatures
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Why multiple wavelengths?

Ground-based visual and IRAS infrared images of Orion
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Why not from the ground?
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Why not from the ground?
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A bit of history: the InfraRed Astronomical Satellite
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A bit of history: the InfraRed Astronomical Satellite

WAVELENGTH BANDS, um 0.60 m telescope
12, 25, 60, and 100 m

all-sky, driftscan survey

e

discovered:
Ultra-Luminous InfraRed
Galaxies (ULIRGS);
embedded starclusters;
IR-cirrus (WHIM)

discrete detectors, not 2D
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SENSORS cold launch, low earth orbit:

only 10-mon mission life
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A bit of history: the InfraRed Astronomical Satellite

Ground-based visual and IRAS infrared images of Orion
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The Spitzer Space Telescope

Fig. 1. | Cutaway view of the Spitzer ight hardware. The observatory is approximately 4.5 m high

and 2.1 m in diameter. The dust cover is shown prior to its ejec tion approximately 5 days after launch.
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The Spitzer Space Telescope
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The Spitzer Space Telescope

Spitzer satellite design:
Spacecraft; operates at ambient temperature

{ observatory's power generation

{ Pointing and momentum Control System (PCS: reaction wheel S,
gyroscopes, star trackers, and Reaction Control System)

{ data processing and storage
{ telecommunications
{ warm electronics portions of instruments

Cryogenic Telescope Assembly; cooled to 5.6 K for MIPS 160 m

{ telescope assembly

{ Multiple Instrument Chamber with cryogenic portions of sc lence
Instruments and PCRS

{ super uid helium dewar
{ thermal shields
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The Spitzer Space Telescope
Spitzer innovations:

Warm launch: most of mass of CTA is external to cryostat and is
warm at launch

{ far less helium needed for longer mission life
{ lower launch mass

passively (radiatively) cool telescope in orbit to 30K

use helium boil-o vapor to further cool telescope assembly to 5.6 K
{ cool as needed via small adjustable heater In the helium bath
Earth drift-away solar orbit:

{ benign thermal environment
{ avoid transits of Earth's radiation belts (SAA)
{ good observing e ciency (no obscuration by Earth or Moon)

{ distance increases by 0.12 AU/yr a ecting data transmission rate
and, eventually, observing e ciency



AST494/591 | Jan 30, 2009 Slide 17

Spitzer 's Focal Plane
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Spitzer 's Science Instruments

InfraRed Array Camera (IRAC) | 4-channel infrared imager
InfraRed Spectrograph (IRS) | low-/moderate-res spectrom eter

Multiband Infrared Photometer for Spitzer (MIPS) | far-IR i mager
and spectral energy distribution photometer

Fig. 3.| Point-source sensitivity and wavelength coverage of the Spitzer science
instruments.
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The InfraRed Array Camera (IRAC)

4-channel imager: 3.6, 4.5, 5.8, and 8.0 m
channels 1 and 3, and channels 2 and 4 have identical FoV
true 2D detector arrays

critical sampling of the e ective PSF
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The InfraRed Array Camera (IRAC)

Design reference science
program:

the early universe
(high- z galaxies)

brown dwarfs and
super-planets

active galactic nuclel

protoplanetary and
planetary debris disks
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The InfraRed Array Camera (IRAC)
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The InfraRed Array Camera (IRAC)

Fig. 1.] IRAC Cryogenic Assembly (CA) at NASA GSFC, with the t op cover re-
moved to show the inner components. The parts marked Infrare d Array 1 and 2 are
the IRAC channel 4 and 2 focal plane assemblies, respectivel y.
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H opacity minimum at 1.6 m 7?7

Mentioned in Fazio et al. (2004) regarding motivation for IR AC wave-

length range. Late-type stellar features are important contributors to
the rest-frame near-IR light.

1.6um bump

2000
Wavelength, A [nm]
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Critical sampling of PSF?

Theoretical highest angular resolution (PSF) delivered by the Spitzer
telescope assembly:

1:03 ) (PSF core) 1.22 D (FWHM)

2 0
4 radians ! arcsec: @

1 3

180
A 3600 206; 265 >

with D = 0.85m and = 3.19 (IRAC) { 174.5 (MIPS) m:

1:07%at 3.6 m, and  48%at 160 m

Telescope delivers diraction limited performance only at 5.4 m:
1:6%at 3.6 m

Signal theory (Nyquist): need > 2.3 pixels per FWHM to sample PSF
without loss of information. Critical sampling: 2 pixels per FWHM.
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Critical sampling of PSF?

Pixel sampling of PSF delivered by telescope

PSF centered on pixel

PSF off pixel center
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Spitzer versus IRAS
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The InfraRed Spectrograph (IRS)
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The InfraRed Spectrograph (IRS)
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The InfraRed Spectrograph (IRS)
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The Multiband Imaging Photometer for Spitzer (MIPS)
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The Multiband Imaging Photometer for Spitzer (MIPS)
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The Multiband Imaging Photometer for Spitzer (MIPS)



AST494/591 | Jan 30, 2009 Slide 34

Spitzer Infrared Diagnostics
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Spitzer Infrared Diagnostics
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Spitzer Infrared Diagnostics
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Spitzer Infrared Diagnostics
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Spitzer Infrared Diagnostics
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Spitzer Infrared Diagnostics
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Spitzer Infrared Diagnostics
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The Spitzer Space Telescope

! Gallery of selected Pretty Pictures



