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Outline

• A Brief History and Future of Mid Infrared 
Space Astronomy

• The Spitzer Space Telescope
• IRS, the infrared spectrograph on Spitzer
• UV and Mid-IR
• The Bootes surveys and IRS redshifts of 

optically “invisible” sources.



First Rocket-Borne Liquid Helium 
Cooled Infrared Telescope 1968
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HII regions and the Galactic Center are very luminous!
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Spitzer Instruments: 10/00
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IRS Status
• SMART, the IRS data reduction package,  has been 

released.  It is distributed and supported by the SSC.

• Greatly improved wavesamp files have been created 
for the lowres modules.  The hires modules are next…

• The new pointing model, Observer A, has reduced / 
eliminated many of the pointing problems.

• The S11 pipeline is a significant improvement over 
previous versions.  Most Campaigns have been 
reprocessed.
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IRS GTO Pointings to Date

Most pointings avoid the Galactic plane:
•very close (brown dwarfs and stellar disks) or
•very far (high luminosity extragalactic objects of all sorts)

Bootes field



Three views of M51

Galex                  Visible               Spitzer



IRAC observation of the Antennae

IRAC: 3.6µ + 4.5µ + 8µ Hubble: WF/PC-II image

Nucleus of NGC4038

Nucleus of NGC4039

Star 
Formation Obscuration



UV IR Synergy
• UV measures the unobscured stellar luminosity.
• IR measures the reprocessed UV luminosity.

– OK for a single burst, but 
– Continuous SF eventually leads to a large population of 

low mass stars to heat the dust.

• UV extinction is much higher than IR extinction
– If τv =1 then  τ1500A ~ 10 and τ8µm ~ 1/20

• UV can probe the neutral gas via resonance lines seen in 
absorption.

• UV line ratios are temperature sensitive. The IR ratios are 
not.  UV measures Te, while IR does Ne



UV IR Differences!

Β.Τ. Draine
www.astro.princeton.edu/
~draine/dust/dustmix.html
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PAH Normal Modes

Peeters                          Hony



IRS Spectra of SBS0335-052 & NGC7714

Red Peak-up
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A(9.7µm) ~ 0.5



The IRS View at z~2
see

astro-ph/0502216 v1
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Bootes Field Surveys
• Field: ~9 deg2 centered at α∼14:30, δ∼34:30 

(B1950)
• NOAO Bw~26.5, R~26, I~25 & K~19

– Detect L*(5σ) to z ~ 3

• IRS/MIPS 24µm, 0.3 mJy (~30hrs / 9 deg2 or 
90 sec/pixel)

• WSRT 20cm, VLA 90 & 20cm

• Galex Shallow & Deep Surveys
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IRS/MIPS 24 µm Survey

• 5” fwhm at 24 µm

• 22,000 sources with 
F24 > 0.28 mJy

• 4273 sources with
F24 > 0.75 mJy



Objectives of the IRS Observations

• Measure redshifts of obscured sources that 
cannot be measured by any other method.

• Assess the ratio of star bursts to AGN   
activity in the IR selected sample.

• Determine the SFR vs. z



IRS Selection Criteria

• F24 > 0.75 mJy

• R > 26 mag “invisible”      
or                    

I > 24 mag “faint”

• Nearest neighbor > 2’’

• No nearby cluster 

• No nearby “large” 
galaxies.

NOAO R Band Image



Sky subtracted spectra with the IRS LL
LL2 (14 – 21µm)          LL1 (19.5 – 38 µm)

Our brightest source: 3.83 mJy @ 24 µm



Mid IR Galaxy Templates

• Fit broad features e.g. silicate absorption and 
PAHs.

• Four template galaxies previously observed 
with the IRS as part of our GTO program.

– NGC 7714 (‘classical’ starburst)
– Arp 220 (LIRG)
– Mrk 231 (obscured AGN)
– F00183-7111  (embedded ULIRG)



Template Fitting Examples…



Source NOAO-8: Details



Fitting NOAO-8 with 
Different Templates

Redshift determination is
quite robust to differences
in template.



IRS Determined Redshifts

• Up to z~2.7, redshifts are robust even at 
fairly low S/N
– Redshifts determined primarily from 

features identified as PAHs in emission or 
silicates in absorption.

• The first 17 sources with R >25 have redshifts 
in the range 0.7<z<2.7 with 
median( z ) = 2.2



A few have featureless spectra…
(hence no IRS determined redshift)

• Beyond z~3 mid-ir bands 
appear at λ’s beyond the 
range of the IRS 

• What are they? 
(AGN, Starburst, ??)

• NIR imaging/spectra



Luminosities

Nearly all have 8-1000 µm luminosities ~ few x 1013 Lo,
placing them in the Hyper-LIRG class.



Nature of the objects

• HLIRG <L> ~ 1013 Lo (Z > 1.7)
• If Arp220 were at z = 2 then f24=0.03mJy!

However, “Arp220” at z = 2 with f24=1mJy 
would have I < 22 mag!

But we don’t see them…

These sources are very heavily obscured!
IRS has identified a population of highly obscured 
extremely luminous sources at high-redshift.



Template Score Card

• The distribution of best fits to the 17 sources 
observed.
– NGC7714 1
– Arp 220         3
– Mrk 231 6
– F00183-7111  7

• Achieving the large optical extinction needed 
favors a point like source rather than extended 
emission.



Source Number Counts

• Space density of NOAO sources may give 
clues to their origin, and what they resemble at 
z = 0.

• We have measured    ~1.3 deg-2 for 1.9<z<2.7
• SDSS AGN density is ~1.6 deg-2 for 2   <z<2.5

• The density is much lower than the current day 
density of giant ellipticals, radio galaxies, or sub-
mm sources. 



Summary
• IRS/MIPS/NOAO collaboration has surveyed 9 square 

degrees of the Bootes field to F24 ~ 0.28 mJy (5σ).

• New class of source was found, bright at 24 µm, invisible 
in optical, and faint in radio continuum:
– Some have redshifts determined from IRS observations, typically 

with  z~2
– Some have no redshifts from IRS observations (z > 3?)
– Are they AGN/Starbursts?

• Sources without optical counterparts:
– Some are clearly AGN.
– Some appear to be star forming galaxies at z > 2 with star 

formation rates > 1000 Mo/yr.




