
Nick Seymour (UCL/MSSL) 
 

23rd May 2011 
Galaxies, Near and Far (Perugia) 

 
Carlos De Breuck, Joel Vernet,  Guillaume Drouart, Bob 

Fosby (ESO), Daniel Stern (JPL), Partick Ogle (IPAC), Jason 
Rawlings (MSSL) 

and the HerMES Consortium 

Mid to far-IR Observations of High Redshift 
Radio Galaxies 

SPIRE image of HDF North 
 (250 µm=blue, 350 µm=green, 500 µm=red) 



Nick Seymour (ARC Future Fellow, CASS) 
 

23rd May 2011 
Galaxies, Near and Far (Perugia) 

 
Carlos De Breuck, Joel Vernet,  Guillaume Drouart, Bob 
Fosbry (ESO), Daniel Stern (JPL), Partick Ogle (IPAC), 

Jason Rawlings (MSSL) 
and the HerMES Consortium 

 

Mid to far-IR Observations of High Redshift 
Radio Galaxies 

SPIRE image of HDF North 
 (250 µm=blue, 350 µm=green, 500 µm=red) 



Contents: 

•  Introduction 
•  Herschel and the HerMES key project 
•  SFR in moderate luminosity radio galaxies 
•  SFR in high luminosity radio galaxies 



Contents: 

•  Introduction 
•  Herschel and the HerMES key project 
•  SFR in moderate luminosity radio galaxies 
•  SFR in high luminosity radio galaxies 



Stellar Masses of HzRGs 

Seymour et al. 2007; 
De Breuck et al. 2010 

Log(M/M) ~ 11.3, but still 
time to grow a bit more 

MRC 1138-262 (z=2.157) 

Hatch et al. 2009 

4C23.56 (z=2.48) 
will have a major 
merger in ~5Gyr 
(at z~0.6) 



Connection between radio and mid-infrared power in HzRGs  

Seymour et al. 2007  
De Breuck et al. 2010 



Results to date: low redshift 

Traditional view: local radio galaxies are hosted by 
passive gE and cD (Matthews et al. 1964). 
 
However, some low redshift radio galaxies  (z<0.1, 
L1.4GHz  ~ 1026 WHz-1) exhibit modest star formation: 
 
•  disturbed optical mophologies 
•  indications of star formation in  
optical spectra 
•  non-AGN excess in far-infrared  
emission  

Holt, Dicken, Ramos Almeida,  
Tadhunter et al. (works passim) 



Results to date: high redshift 
High redshift radio galaxies (HzRGs, z>1, L1.4GHz >1026.5 WHz-1) 
exhibit strong star formation: 
 
•  strong sub-mm emission  
(SCUBA, SHARCII etc.) 
•  Lymanα haloes consistent 
with large reservoir of fuel  
for star formation 
•  mid-IR spectra: 
 
 

Seymour et al. 2008 
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Hauser & Dwek 2001, ARA&A 39,249 

Luminous star forming galaxies are often 
very dusty. 

Arp 220 

•  Most of their power comes out in the far infrared. 
•  This is the best way to measure star formation rates in distant sources 

dominated by a super-massive black holes. 



How much of an advance is Herschel? 
IRAS 
1983 
60cm 

ISO 
1995 
60cm 

Spitzer 
2003 
85cm 

Akari 
2006 
70cm 

Herschel                             
2009                              
3.5m                              

A very very big one. 



•  Telescope diameter     3.5 m 
•  Telescope temperature        80 K 
•  Lifetime            > 3 years 
•  Helium capacity       2200 

litres  
•  Height                7 metres 
•  Mass                    3.3 

Tonnes 
•  Wavelength range      60 – 700 

µm 

The Herschel Space Observatory 





Herschel and Planck Launch (April 2009) 

First science data 
arrived in 
September 2009 



hermes.sussex.ac.uk 

HERSCHEL MULTI-TIERED EXTRAGALACTIC SURVEY 



The HERMES Team 



Aim: Constraining Bolometric Luminosity 
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HerMES fields 

IRAS Dust Map 
Schlegel et al. 1998 
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Spitzer First Look Survey Field 

250µm 

Sample & Analysis 

•  1909 radio sources from the Spitzer First Look 
Survey in central ~1.6deg x ~1.8deg 
•  1571 have optical/near-IR/Spitzer counterparts 
and 886 have redshifts (spectroscopic or 
photometric) 



select radio-loud AGN: L1.4GHz > 1025 WHz -1 from the FLS field 

Divide sample into  
-  low redshift (0.4<z<0.9) -> 15 sources  
-  high redshift (1.2<z<3) -> 16 sources 

15 sources 16 sources 

Seymour et al. 2010 

The Latest Results from HerMES 



Mean Star Formation Rate 

from Seymour et al. 2010 

We observe an increasing mean  
SFR with redshift for radio-loud 
AGN. 

Local 
3CRR 
sources 

From PAHs 



Mean Star Formation Rate 

from Seymour et al. 2010 

We observe an increasing mean  
SFR with redshift for radio-loud 
AGN. 

Local 
3CRR 
sources 

From PAHs 

0.0004%       0.05%                 0.1-0.6%                of total SFRD 
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Mid-infrared Spectroscopy of HzRGs 

Rawlings, Seymour et al. 2011 
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Mid-infrared Spectroscopy of HzRGs 

Rawlings, Seymour et al. 2011 

Sample of 9 HzRG 
(from SHzRG) 
across 1.5<z<3.6 

3C239 
z=1.78 

SIV 



HERschel Radio Galaxy Evolution Project: 
`Projet HeRGÉ’ 

•  Follow-up to SHzRG to constrain full IR SED and measure SFR.  
•  Sample of 71 sources with 62 new observations.  
•  PACS and SPIRE observations to cover the peak of the IR emission 
•  Combine with the Spitzer  IRAC and MIPS data to separate the AGN 

and SFG dust components 
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`Projet HeRGÉ’ 

•  Follow-up to SHzRG to constrain full IR SED and measure SFR.  
•  Sample of 71 sources with 62 new observations.  
•  PACS and SPIRE observations to cover the peak of the IR emission 
•  Combine with the Spitzer  IRAC and MIPS data to separate the AGN 

and SFG dust components 
•  Observations to date: 

PACS: 
 
TN J2007-1316 
MRC 2025-218 
MRC 2048-272 

SPIRE: 
 
MRC 0251-273 
MRC 0316-257 
MRC 2048-272 
MRC 2104-242 
TX J1908+7220 
MG 2144+1928 
USS 2202+128 
WN J1911+6342 

Plus most GT 
data have been 
taken 



HERschel Radio Galaxy Evolution Project: 
`Projet HeRGÉ’ MRC2048-272 z=2.06 

Spitzer/MIPS 24µm                    Herschel/PACS 110µm             Herschel/PACS 170µm  

Herschel/SPIRE 250µm                Herschel/SPIRE350µm          Herschel/SPIRE 250µm  



HERschel Radio Galaxy Evolution Project: 
`Projet HeRGÉ’ 

TNJ1908+7220 z=3.53 



HERschel Radio Galaxy Evolution Project: 
`Projet HeRGÉ’ 

TNJ1908+7220 z=3.53 



Conclusions 

•  Moderate radio‐loud AGN have high star formaXon rates similar 
to the classical high redshiY radio galaxies. 

•  Evidence for mid‐IR spectroscopy that many powerful radio‐
loud AGN are displaying rapid coeval central black hole and 
galaxy growth. 

•  Herschel observaXons of high‐z radio galaxies will trace this 
growth as a funcXon of redshiY, stellar mass, accreXon rate, 
radio lobe properXes 

•  SPIRE data covers 5arcminute area permi[ng environmental 
studies. This area can be increased by ~50% using ‘turn‐around’ 
data.  

•  SKA patherfinders will find all HzRGs 


