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Breaking down the CIRB

A full understanding of galaxy formation and evolution 
requires resolving the CIRB into its constituent sources 

and studying their properties at ‘all’ wavelengths
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Constraining Bolometric Luminosity
With Spitzer

MIPS 24/70/160 micron Bands @ z~1.0

Xu’s model spectra normalized so as to have same LIR
Spitzer-based estimates are biased (and increasingly so with redshift)

Spirals   Starbursts   AGNs
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Constraining Bolometric Luminosity
With Herschel

5 PACS+SPIRE (100 to 500 micron) Bands @ z~1.5

Spirals   Starbursts   AGNs
Xu’s model spectra normalized so as to have same LIR

Herschel bands are crucial in constraining the bolometric luminosity of galaxies
This helps untangling the contribution of AGN and SF and thus constrain SFH
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Taking stock of Spitzer MIPS-24 Surveys
 Deep & Wide MIR Luminosity Functions

SWIRE-SDSS 24 micron low-z LF
Vaccari et al. 09

GOODS-VVDS 24 micron high-z LF
Rodighiero et al. 10

Multi-Wavelength Ancillary “Data Fusion” in Deep & Wide “Cosmic Windows”

Thursday, 16 February 2012



Taking stock of Spitzer MIPS-24 Surveys
The Cosmic Star Formation Rate Density

GOODS-VVDS SFR Density of 24 micron Sources- Rodighiero et al. 10
(Based on IR Bolometric 8-1000 micron Luminosity)
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Taking stock of Spitzer MIPS-Ge Surveys
 Wide FIR Luminosity Functions

SWIRE MIPS-Ge 70 and 160 micron low-z LF
Bayesian Parametric Maximum Likelihood Estimator

Patel et al. in prep
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Taking stock of Spitzer MIPS-Ge Surveys
The Cosmic Star Formation Rate Density

SWIRE SFR Density of 70 micron Sources - Patel et al. in prep
(Based on IR Bolometric 8-1000 micron Luminosity)
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HerMES Science Motivation
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Herschel Extragalactic Imaging Surveys
- High-sensitivity (albeit with moderate resolution)
- Use PACS & SPIRE at 100-500 um
- Observe the SED peak of IR galaxies at 1<z<4
- Derive IR ‘Bolometric’ (8-1000 um) Luminosities
- Detect Large and Uniform Samples of (U)LIRGs

What is the history of Far-IR galaxies?
- How do they assemble and evolve over time?
- Where have luminous FIR systems gone today?
- How do FIR galaxies relate to dark matter?
- What is the role of dust in star formation?
- What is the connection between dusty star
   formation and AGNs?
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1	
  Repeat

Mapping to the Confusion Limit

0.7 h for 1 sq. deg
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2	
  Repeats

Mapping to the Confusion Limit

1.5 h for 1 sq. deg
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4	
  Repeats

Mapping to the Confusion Limit

3 h for 1 sq. deg
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8	
  Repeats

Mapping to the Confusion Limit

6 h for 1 sq. deg
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15	
  Repeats

Mapping to the Confusion Limit

11 h for 1 sq. deg
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30	
  Repeats

Mapping to the Confusion Limit

22 h for 1 sq. deg
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6.5'

7.5'

D. Elbaz

The Confusion Challenge
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Three Ways to Deal with Confusion

“Blind” Source Extraction
• 	

 Need to be careful about bias and source blending
• 	

 Blind follow-up in large beam is laborious (~SCUBA)
• 	

 However these are the most interesting source populations

”Prior” Source Extraction
•  Estimate Herschel flux of ‘known’ sources
•  Reliable to within confusion noise
•  Follows bias inherent in ‘input’ catalog

Map-Based Analysis
• 	

 Much more information in maps than in reliable sources
•  Tends to be ensemble information : P(D), fluctuations, etc
•  Maps have high statistical fidelity!
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GOODS 
South

GOODS 
North ECDFS

Lockman
North

Lockman
East EGS UDS

COSMOS EGS UDS VVDS

CDFS Lockman Bootes ELAIS-N1

FLS ELAIS-
S1

ELAIS-
N2

Akari 
SEP Bootes ELAIS-

N1
XMM-
LSS

SDP Release

DR1 Release

DR2 Release

Clusters

L1 0.11 □°

L2 0.36 □°

L3 1.25 □°

L4 4 □°

L5 30 □°

L6 40 □°

HeLMS / SDSS Stripe 82L7 270 □°

HerMES : Wedding Cake Survey

To Be Observed

ELAIS-S1
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HerMES Rest-Frame 
250 µm LF

• Local sub-mm galaxy LF slightly above models
• Luminosity function evolves out to z ~ 2
• Is it flattening out at z > 1?
• Next : better statistics, SED models, LF estimators & selection functions

Eales et al. 2010

0.0 < z < 0.2
0.2 < z < 0.4
0.4 < z < 0.8
0.8 < z < 1.2
1.2 < z < 1.6
1.6 < z < 2.0

SDP : Strong Luminosity Evolution

Vaccari et al. 2010

HerMES IR Bolometric 
Local Luminosity Function
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The Evolution of the SMM Luminosity Function
(Vaccari et al. in prep)

• Extending previous work to most deep and wide fields
• Combining PACS/PEP and SPIRE/HerMES Data
• Making use of extensive ancillary photometry/spectroscopy

• More Careful Data Reduction : Berta+ 10 / Roseboom+ 10
• Improved Selection Function : Opt-Z, MIPS-24, SPIRE-250
• Comparing Different Luminosity Function Estimators
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SPIRE-Selected Samples & Ancillary Data
Monochromatic & Bolometric Luminosity Functions

• SPIRE-250-micron samples based on MIPS-24-micron priors
• Photometric/Spectroscopic Redshifts for >95% of sources
• LePhare SED Fitting using extended Polletta library
• “1/Vmax” assessed based on SPIRE/MIPS/Optical Cuts
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Preliminary Results
• 250 micron LLF in COSMOS and HerMES-SDSS

Circles : COSMOS
Circles : HerMES-SDSS
Triangles : Eales+ 10
Triangles : Vaccari+ 10
MCMC : COSMOS LLF
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Preliminary Results
• 250 micron LF(z) in COSMOS (0<z<2)

Circles : COSMOS LLF
Circles : HerMES-SDSS
Triangles : Eales+ 10 LLF
Triangles : Vaccari+ 10 LLF
MCMC : COSMOS LLF

~ consistent with SDP

higher-z estimates 
more dependent on 
adopted SED types

(See e.g. Lapi+ 2011)
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Preliminary Results

IR Bolometric LF(z)
vs

Gruppioni et al. in prep
(PACS Blind Samples)
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What’s Next?

• Optimize SED Libraries

• Double Check Selection Function

• Compare LF Estimators

• Compute 100/160/250/BOL Estimates

• Estimate LF(z) Evolution
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The Evolution of the Infrared Luminosity Function

Spitzer Post-Cold-Mission Science Work
 - Orders of magnitude increase in sensitivity
 - Limited depth (and z-range) at λ>24	
  micron

Herschel (PEP-)HerMES DR1 Science Work
 - Fully FIR/SMM spectral range up to z~4
 - Observations now almost complete
 - DR1 release and publications in preparation
 - PACS-SPIRE joint estimates of IR LF(0<z<4)
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• MeerKAT will provide radio resolution & sensitivity well-matched with IR
• MIGHTEE survey will sample the radio luminosity function deep & wide
• FIR/radio correlation probed up to high-z as a function of ‘any’ parameter
• WSRT-APERTIF-WODAN & ASKAP-EMU will probe larger & shallower areas

What’s (Also) Next? http://www.ska.ac.za/
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