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COSMOS 24/100/160 µm 



The	  Main	  Sequence	  at	  Low	  and	  High	  Redshi6	  
The	  Outliers:	  	  

•  red	  starburs=ng	  galaxies	  
•  	  red	  &	  dead	  (quenched)	  galaxies	  

	  	  	  	  Herschel	  looking	  	  at	  COSMOS	  &	  GOODS	  fields	  

	  	  	  



The	  Main	  Sequence	  of	  Star-‐forming	  
galaxies	  	  	  at	  1.4	  <	  z	  <	  2.5	  

Alvio Renzini 
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STACKING	  analysis	  on	  PACS	  maps	  

The slope of the Herschel SSFR-mass relation becomes steeper with redshift. 

At z<1, our results are in broad agreement with those based on radio-stacking that 
found almost flat relations up to z~2 (Dunne et al. 2009,  Pannella et al. 2009) , 
while at z>1 our relation evolves toward stronger dependencies. 

Rodighiero et al. (2010) 



8 Dunne	  et	  al.	  2009	  –	  radio	  stacking	  

Combining	  far-‐IR	  detec>on	  and	  no-‐detec>ons:	  STACKING	  analysis	  on	  PACS	  maps	  

	  The	  higher	  the	  
masses,	  the	  lower	  
the	  sSFR	  at	  all	  z	  

FlaVening	  above	  
z~1.5	  for	  log(mass)

>10.5	  

Damen	  et	  al.	  2009	  

(PG=Perez Gonzalez et al 2008) 

Rodighiero et al. (2010) 
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RADIO vs FAR-IR: 
good agreement 
when using the 

same parent catalog 
for stacking! 

radio analysis  
by P. Ciliegi  

Rodighiero et al. (in prep) 
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COSMOS-NUVR<1.3 COSMOS-NUVR<3.5 

GOODS-N 
GOODS-S 
COSMOS 

Cosmic variance + Selection techniques 

High activity gals (Ilbert criterium) Intermediate activity gals (Ilbert criterium) 



RADIO	  vs	  PACS	  stacking	  in	  COSMOS	  
(same	  parent	  IRAC	  input	  catalog)	  

In collaboration with A. Karim & M. Sargent 

PACS stacking 

RADIO stacking 



So…	  SSFR-‐mass	  slope	  depends	  on	  
selec=on	  

(wavelength,	  flux	  level,	  stacking	  
accuracy…):	  

beVer	  to	  look	  only	  at	  real	  
detec=ons	  !!!!!!!!	  



Two	  regimes	  of	  star	  forma@on:	  
quasi-‐steady	  on	  the	  main	  
sequence,	  starbursts	  off	  of	  it	  

(Daddi	  et	  al	  2010)	  



Two	  regimes	  of	  star	  forma@on:	  
quasi-‐steady	  on	  the	  main	  
sequence,	  starbursts	  off	  of	  it	  

Two	  Cri=cal	  Ques=ons:	  

Q1:	  what	  is	  the	  rela=ve	  number	  of	  main	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
sequence	  and	  starburst	  galaxies?	  

Q2:	  what	  is	  their	  rela=ve	  contribu=on	  to	  the	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
global,	  cosmic	  star	  forma=on	  rate	  density?	  



Answering with HERSCHEL/PACS 
    observations over the GOODS & COSMOS fields 











HERSCHEL/PACS  observations over  
the GOODS & COSMOS FIELDS  

  Rodighiero et al. (2011)) 

Data-‐set	  required	  to	  fully	  sample	  the	  stellar	  mass	  –	  SFR	  plane:	  

1. PACS	  100μm	  and	  160μm	  shallow	  source	  catalogs	  with	  extrac=on	  
based	  on	  24μm	  prior	  posi=ons	  +	  IRAC-‐selected	  source	  catalog	  
from	  Ilbert	  et	  al.	  (2010)	  

2. PACS	  70,	  100	  and	  160μm	  deep	  catalog	  in	  GOODS-‐S	  +	  
mul=wavelength	  photometry,	  spec	  &	  photo-‐z	  

3. BzK	  COSMOS	  catalog	  (Daddi/McCracken)	  

4. BzK	  GOODS-‐S	  catalog	  (Daddi	  et	  al.	  2007)	  



SFR:	  	  
derived	  from	  SED	  fimng	  to	  the	  complete	  UV-‐to-‐PACS	  observed	  
photometry	  and	  conver=ng	  the	  bolometric	  emission	  ([8-‐1000]μm)	  with	  
the	  KennicuV	  et	  al.	  (1998)	  rela=on	  (inclusion	  of	  unobscured	  SF	  does	  not	  
affect	  the	  results).	  

STELLAR	  MASSES:	  	  
classical	  SED	  fimng	  to	  the	  UV-‐to-‐IRAC	  (5.8μm)	  with	  Bruzual	  &	  Charlot	  
models	  



The	  PEP-‐	  GOODS	  
South	  	  

(Lutz	  et	  al.	  2011)	  

~21’x14’	  	  



The	  PEP-‐COSMOS	  	  

~2	  square	  degrees	  



Popula>ng	  the	  mass-‐SFR	  plane	  



BzK	  
PACS-‐deep	  
PACS-‐shallow	  

X4-MS 



Same	  but	  in	  Specific-‐SFR	  



Number	  densi=es	  as	  a	  func=on	  of	  mass	  and	  SSFR	  bins:	  	  
defining	  	  the	  ON	  &	  OFF	  main	  sequence	  loci	  



SFR	  density	  	  &	  Number	  density:	  ON	  and	  OFF	  sequence	  



SFR	  density:	  	  
%	  OFF	  sequence	  

~10%	  	  	  

Number	  density:	  
%	  OFF	  sequence	  

~2%	  

SFR	  	  
density	  	  

Number	  
density	  



DUTY	  CYCLE	  ON/OFF	  the	  MAIN	  SEQUENCE	  

With only ∼2% of the massive galaxies being OFF the main 
sequence, on average each galaxy spends 20 Myr in the 
starburst mode.  

This is actually much shorter than both the gas depletion 
timescale (~0.5 Gyr) and the dynamical time in starburst 
galaxies (~50-200 Myr, Daddi et al. 2010; Genzel et al. 2010). 

Not all galaxies may experience a (merger-driven) starburst 
during these ~2 Gyr of cosmic time interval. 



The	  most	  SB	  
sources:	  

SMGs	  brothers	  

Dominated	  by	  
SFR	  

Obscured	  AGN	  
present	  

but	  does	  never	  
dominate	  

the	  bolometric	  
far-‐IR	  emission	  	  



MAIN	  CONCLUSION	  

The merger-enhanced SFR phases are relatively 
unimportant for the stellar mass growth of z ∼ 2 
galaxies, and probably so at all redshifts given that z 
∼ 2 is known to be the ’prime time’ for SMGs 
(Chapman et al. 2005).  

Still, going through a merging-driven starburst phase 
may turn star-forming galaxies into passive 
ellipticals. 



ASI Review Padova Science Activities 33 

Follow-up campaign of extreme  
off-sequence Herschel sources at z=2  (1) 

P.I. G. Rodighiero 
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Follow-up campaign of extreme  
off-sequence Herschel sources at z=2  (2) 

P.I. G. Rodighiero 
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Follow-up campaign of extreme  
off-sequence Herschel sources at z=2  (3) 

P.I. M. Carollo 



ASI Review Padova Science Activities 36 

Follow-up campaign of extreme  
off-sequence Herschel sources at z=2  (4) 

Upcoming: 

TNG/NICS spectroscopy (+ G. Cresci) 

ALMA 

ESO/SINFONI dynamics 



Average	  SEDs	  for	  high-‐z	  galaxies	  on	  
and	  above	  MS	  

Elbaz+11 1105.2537 (GOODS-Herschel KP) 

On MS Above MS 

High PAH/FIR,  cold FIR                                           Low PAH/FIR, warm FIR 







Morphologies	  on	  and	  off	  the	  main	  sequence	  











Sizes	  and	  star	  forma=on	  densi=es	  



SMG	  stellar	  masses:	  open	  debate	  
underes=mated	  by	  a	  factor	  up	  to	  3?	  
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“Standard” - SED fitting SFH “SMGs” - SFH 

Michalowski et al. (2011) 
Cirasuolo et al. (2010) 



A double 
component 
SFH shifts all 
the MS at 
higher 
masses 
(~x3)!! 

Double 
component 
masses by  
M. Cirasuolo 



The	  Herschel	  PEP/HerMES	  LF	  up	  to	  z~4	  

Gruppioni et al. (2012) 



PEP/HerMES total IR Luminosity 

IR Bolometric LF(z) 
Vaccari et al. in prep 
(SPIRE samples) 
Gruppioni et al. in prep 
(PACS Blind Samples) 



ON- and OFF-main sequence Luminosity functions 
Computation of stellar masses and SFR with MAGPHYS (energy-balance, 

Da Cunha et a. 2008)  of PACS/COSMOS-GOODS-ECDFS sources 

Gruppioni 
et al. (in 
prep.) 

Predictions 
from  

Sargent et al. 
2012 

ON-MS 
OFF-MS 



Gruppioni 
et al. (in 
prep.) 

Number density 

SFR density 



The	  AGN	  content	  in	  luminous	  IR	  galaxies	  at	  z~2	  
from	  a	  global	  SED	  fimng	  	  

Pozzi et al. (2012) 

AGN component is 
present in 35% of 
the sample but its 
contribution to the 
8-1000µm emission 
accounts for only 
~5% of the total IR 
energy budget 



The	  SFR-‐density	  rela=on	  at	  @	  redshi6	  ~1	  
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SFR based on MIPS 24 µm SFR based on [OII] emission 



	  The	  SFR-‐density	  rela=on	  at	  z~1	  
(Popesso	  et	  al.	  2010)	  
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Reversal	  of	  the	  SFR-‐density	  rela=on	  
as	  in	  Elbaz	  et	  al.	  (2007)	  and	  
Cooper	  et	  al.	  (2008)	  



The	  SFR-‐density	  rela=on	  at	  z~1	  
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Reversal	  of	  the	  SFR-‐density	  rela=on	  
as	  in	  Elbaz	  et	  al.	  (2007)	  and	  
Cooper	  et	  al.	  (2008)	  

What	  is	  the	  reversal	  due	  to?	  

• 	  mass	  segrega=on?	  

• 	  morphology	  segrega=on?	  

• 	  AGN?	  



The	  AGN	  root?	  
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without	  AGNs	  

with	  AGNs	  



The	  evolu=on	  of	  the	  SF	  ac=vity	  per	  halo	  
mass	  with	  redshi6	  

Popesso et al. (2011) 




