
Unveiling	  long-‐las-ng	  and	  violent	  growth	  of	  galaxies	  with	  Herschel:	  
a	  puzzling	  uniformity	  of	  distant	  dusty	  galaxies	  

Elbaz,	  Hwang,	  Magnelli,	  Daddi,	  Aussel	  	  +	  PEP	  +	  HERMES	  consor-a	  	  

•  How and when did the bulk of present-day stars 
formed ? 

  short starbursts vs long duty cycle ... 

  mergers vs internal instabilities vs cold flows 
of intergalactic gas ... 

   cosmic SFR history vs cosmic stellar mass 
density ... 

>20Myr-1 

>200Myr-1 

>1500Myr-1 

•   Until now, bolometric luminosity extrapolated 
from mid-IR or sub-mm 

  at z>0.7, cosmic SFR density dominated by 
LIRGs... 

   the role of major mergers has been 
questioned recently (morphology, SFR-M*)... 

  parallel growth of SMBH and stars... 



15 µm vs IR L(IR) vs L(12 µm) L(IR) vs L(15 µm) 

L(IR) vs L(6.75 µm) 
K correction 

Before Herschel total IR luminosities were extrapolated from the mid-IR & submm 
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FIDEL – 160um 
Spitzer/MIPS – GOODS-North 

PEP – 160um 
30 hours – GOODS-North 
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The power of multi-wavelength imaging against confusion 

7.5' x 6.5' zoom on the GOODS-North field (10' x 15')  
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The power of multi-wavelength imaging against confusion 

7.5' x 6.5' zoom on the GOODS-North field (10' x 15')  
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7.5' x 6.5' zoom on the GOODS-North field (10' x 15')  
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350um	  500um	   250um	  160um	  100um	  24um	  3.6um	  0.8um	  

7.5	  arcmin	  

6.5'	  

The power of multi-wavelength imaging against confusion 

7.5' x 6.5' zoom on the GOODS-North field (10' x 15')  
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GOODS-N 10' x 15':  
Spitzer 16, 24, 70 um  
+ PACS-100, 160um from PEP  
+ SPIRE-250, 350, 500um from HERMES 
44000 optical galaxies 
  1468 MIPS24um galaxies (95.6% have z) 
    493 galaxies with ≥ 1 Herschel detection 

 (3, 5.7, 4.4, 4.8, 7.6 mJy) 
13% AGNs (Lx>3x1042erg/s or HR>0.8,...) λ(µm)	
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modified blackbody, β=1.5 
 Tdust 

z = 1.5230 
LIR= 2.6 x 1012 L from far-IR    
                vs   
LIR= 3.5 x 1012 L"from 24um"   

  HST               Spitzer      Herschel PACS                &           SPIRE                        VLA 

Fν	


λ(µm)	
Hwang +10 



Chary & Elbaz 01 Elbaz +10 

A	  puzzling	  uniformity	  of	  distant	  dusty	  galaxies	  



Hatziminaoglou et al. 2010 
QUASARS in the Lockman – SWIRE & FLS fields 
(Lx ~1045-46 erg s-1) 

z 

Lower luminosity AGNs in the  
GOODS-North field 
(Lx ~1042-43 erg s-1) 





Magdis +10 (see poster #2.55 & Magnelli +10 Thursday 12:40, Chanial +10 P#1.63) 

Herschel	  bridges	  the	  gap	  between	  local	  and	  distant	  ULIRGs...	  

Very high SFR for distant SMGs confirmed (Magnelli +10): 
~ 560 (380) Myr−1 for SMGs with S (850 µm) > 5 (2) mJy [Chabrier IMF] 

Magdis +10 



LIR	  -‐	  Tdust	  

•  marginal evolution of LIR-Tdust 

•  mildly colder (U)LIRGs by ~2-5 K 

•  envelope extends to colder SMGs 

Hwang +10 

z = 0 AKARI + IRAS 

z = 0-2.5 Herschel 



"Local"	  vs	  "staHsHcal"	  	  confusion	  

Hwang +10 Elbaz +10 



Horizon@MareNostrum 

1.  Puzzling uniformity of MIR – FIR relation and Tdust with redshift !  

2.  Even more puzzling: AGNs follow a parallel behavior with MIR – FIR relation quite 
in agreement with SF galaxies ! Both activities take place together. Large % of 
AGNs with very high SFR at the same time. 

3.  The role of ULIRGs in cosmic SFR history has been overestimated in the past 
  due to excess PAH/AGN emission on mid-IR side and cool Tdust on SMG side 
  SFR can be overestimated by x10 at 850um depending on Tdust (25 – 55 K) 
  need to see LIRGs at z>1.5... (GOODS-H) 

4.  Combining multi-λ allows to win against "statistical" confusion	


Next step: pushing Herschel to its ultimate depth with GOODS – Herschel... 



GOODS-Herschel	  
The Great Observatories Origins Deep Survey :  

far infrared imaging with Herschel	  

David Elbaz (CEA Saclay) 
Collaborators (39 +...):  
France, USA, Germany, UK, Greece, Italy, Canada, 
ESO, ESA 
362.6 hours (100µm & 160µm PACS, including 31 h 
SPIRE) 



GOODS:	  from	  PEP	  to	  GOODS-‐Herschel	  
the	  "ultra-‐deep"	  Universe...	  115 hours 

PEP 

GOODS South – 100um 

115 hours 
simulation 

GOODS-Herschel 
Simulation 

207 hours 
simulation 

GOODS - Herschel 
•  Extension to normal galaxies  
•  (U)LIRGs from z=0.5 – 4 
•  Heavily obscured AGNs 



GOODS	  –	  North	  :	  PEP	  (30	  h)	  	  GOODS	  –	  Herschel	  (70	  h,	  57%)	  



GOODS	  –	  North	  160um	  :	  PEP	  (30	  h)	  	  GOODS	  –	  Herschel	  (70	  h,	  57%)	  



Horizon@MareNostrum 

HORIZON project (R.Teyssier et al.)  
MareNostrum simulation 


