










P R E - H E R S C H E L  D U S T Y  G A L A X I E S  

Most luminous IR galaxies at z~0 are 

ULIRGS 


SFRs~100Msun/yr


Gas rich, merging systems

850um/1mm selected


extreme SFRs~ 1000Msun/yr 

redshifts > 2 

eg Hughes+ 1998, Smail+ 1997, Blain+ 2002, 

Chapman+ 2005


U L I R G S

S M G S

see reviews in Blain+ 2002, Casey, Narayan & Cooray 2014 



New window on dusty universe - 55 to 672um  

Three novel instruments SPIRE, PACS, HIFI  

Photometers and Spectrometers 

Superior sensitivity 

3.5m mirror

T H E  H E R S C H E L  S PA C E  O B S E R VAT O R Y

Pilbratt+ 2010, Griffin+ 2010, Poglitsch+ 2010



H E R S C H E L :  I M P R O V E D  R E S O L U T I O N

1983 - IRAS Satellite — 0.5m 1995 - ISO Satellite — 0.6m

2003 - Spitzer telescope — 0.8m 2009 - Herschel — 3.5m



H E R S C H E L :  I M P R O V E D  R E S O L U T I O N

1983 - IRAS Satellite — 0.5m 1995 - ISO Satellite — 0.6m

2003 - Spitzer telescope — 0.8m 2009 - Herschel — 3.5m















Resolved studies  

Temperature and beta 

Dusty disks 

Hubble Sequence 

Dusty ETGs 

Blind Surveys 

Dust Heating and SFRs 

Dust to gas ratio 

Dust to metals metals 

Spectroscopy, CII and CO Ladder 

AGN 

Outflows

H E R S C H E L  E X T R A G A L A C T I C  S T U D I E S  

Luminosity functions 

dust mass functions 

AGN 

Outflows 

ULIRGS 

Herschel SEDs 

Dust as a gas tracer 

Lenses 

High z starbursts  

Source of dust in early universe 

Large scale structure  

Cosmic Infrared background 



optical credit: R Gendler

N E A R B Y  D U S T Y  G A L A X I E S  W I T H  H E R S C H E L  



optical credit: R Gendler Herschel 250 + Xray

Groves+ 2014 

Draine+ 2013 

Smith, HLG+ 2012a 

Smith, Eales, HLG+ 2012b 

Mattsson, HLG+ 2014 

Kirk+ 2015 

Viaene+ 2015

N E A R B Y  D U S T Y  G A L A X I E S  W I T H  H E R S C H E L  



R E S O LV E D  S T U D I E S

Groves+2014, Draine+2013, Planck Collab XXV 2014,Galametz+ 2012

Smith, MWL+ 2012

dust emissivity index



R E S O LV E D  S T U D I E S

Groves+2014, Draine+2013, Planck Collab XXV 2014,Galametz+ 2012

Smith, MWL+ 2012

dust emissivity index

Dust heated by 

optical radiation 

from old stars! 
Groves+2012 

Habing+ 1984



















H O W  FA R  D O E S  T H E  D U S T  G O ?

HI disks larger than optical 

10-30% galaxies have extended UV disks (Thilker+ 2007) 

Reddening studies suggest half dust outside galaxies (Menard+ 2010)

Koribalski + Lopez-Sanchez 2009 

Credit: Angel Lopez-Sanchez
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T H E  E L E P H A N T  I N  T H E  R O O M

Credit: Adapted from NASA/ESA/M Kornmesser

Targeted surveys of nearby 

galaxies are biased to 

selecting less dusty galaxies



































A  C O L D E R  D U S T  S E D  T H A N  B E F O R E

see also Rowan-Robinson+ 2012, Symeonidis+ 2013, Wang+ 2014, Magdis+2012, Gruppioni

+2013, Berta+2013
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Smith D+ 2012H-ATLAS 

Chary & Elbaz 2001 0<z<0.5

LIR





Herschel 

Dunne, Gomez+ MNRAS, 2011 

Beeston, Maddox, Gomez+ in prep 

Dunne, Gomez+ in prep 

Symeonidis+ 2013

R A P I D  E V O L U T I O N  I N  D U S T  C O N T E N T  

I N  R E C E N T  C O S M I C  H I S T O R Y



































C H A L L E N G E :  M U LT I P L I C I T Y

Smith D, 2011 

pre-ALMA

credit: Mark Swinbank 

 Hayward+2012, Barger+2012, Karim+ 2013, Chen+ 2013 



C H A L L E N G E :  M U LT I P L I C I T Y

Smith D, 2011 

pre-ALMA

credit: Mark Swinbank 

with ALMA

Hodge+ 2013, Simpson+2015 

 Hayward+2012, Barger+2012, Karim+ 2013, Chen+ 2013 





W H Y  I S  T H E  U N I V E R S E  S O  D U S T Y ?



























http://www.hatlas.org


http://www.hatlas.org






T H A N K S  T O  A L L  T H E   

H E R S C H E L  T E A M !  




