
currently mid/far-IR spectroscopy 
~100-200 galaxies 
worse than optical 

spectroscopy in mid ’80-ies 

SDSS 
(2008) 

~106 galaxies 
CfA first slice 

(1985) 
~1000 galaxies 





Mid/Far-­‐IR	
  metallicity	
  diagnosVcs:	
  
exploring	
  the	
  chemical	
  enrichment	
  of	
  

dust	
  embedded	
  star	
  formaVon	
  

Nagao+11	
  



Nagao+11	
  

Barely	
  feasible	
  with	
  Herschel	
  for	
  a	
  
handful	
  of	
  galaxies	
  

Massive	
  surveys	
  will	
  be	
  
feasible	
  with	
  SPICA	
  



Nagao+12	
  

[NII]205µm	
  	
  @	
  z=4.7	
   “Heroic”	
  aeempts	
  to	
  constrain	
  the	
  
metallicity	
  with	
  ALMA,	
  
but	
  can	
  only	
  access	
  very	
  high	
  redshiS	
  
and	
  only	
  1-­‐2	
  far-­‐IR	
  lines	
  in	
  good	
  
atmospheric	
  windows	
  



Gas	
  density	
  and	
  
ionizaVon	
  parameter	
  

Nagao+11	
  

Tommasin+12	
  



Sturm+10	
  

local	
  
starbursts	
  
(“diffuse”)	
  

local	
  
ULIRGS	
  
(compact	
  merging	
  systems)	
  

MIPSJ1428	
  z~1.3	
  

Tracing	
  density	
  and	
  radiaPon	
  field	
  with	
  
far-­‐IR	
  fine	
  structure	
  lines	
  

n=102	
  

n=104	
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IdenPficaPon	
  of	
  accrePng	
  black	
  holes	
  (AGNs)	
  
opPcal	
  idenPficaPon	
  deceiving…	
  

Trouille+11	
  

Galaxies	
  in	
  COSMOS	
  

faint	
  X-­‐ray	
  
AGNs	
  

strong	
  
X-­‐ray	
  
AGNs	
  

Yet,	
  X-­‐rays	
  fail	
  to	
  idenPfy	
  Compton	
  thick	
  AGNs	
  



Armus+07	
  

AGN 

HII 

SPICA will unambiguosly identify 100’s (~1000) of AGNs 
through mid-IR diagnostics, out to high redshift… 



…	
  and	
  locate	
  them	
  into	
  the	
  cosmic	
  web	
  

AGNs	
  

galaxy	
  
overdensiVes	
  

Silverman+12	
  



NegaVve	
  feedback	
  

Quasar	
  negaPve	
  feedback	
  
invoked	
  by	
  most	
  models	
  to	
  quench	
  
star	
  formaPon	
  in	
  massive	
  galaxies	
  

Granato+04,	
  Di	
  Maeeo+05,	
  Springel+08,	
  
Lapi+06,	
  Menci+06,08,	
  Narayanan+06,08,	
  
Bower+06,	
  Hopkins+08,+10	
  



SPICA:	
  will	
  unambiguously	
  detect	
  AGN-­‐driven	
  massive	
  ounlows	
  
in	
  thousands	
  of	
  galaxies	
  
and	
  trace	
  its	
  evoluVon	
  throughout	
  the	
  cosmic	
  epochs	
  

Revealed	
  by	
  far-­‐IR	
  and	
  mm	
  observaVons	
  
Quasar	
  negaVve	
  feedback	
  

1200	
  km/s	
  

Fischer+10,	
  Sturm+11,	
  Gracia-­‐Caprio+12	
  
Feruglio+10,	
  Aalto+12,	
  Cicone+12,	
  Weiss+12	
  
Nesvadba+11,	
  Alexander+10,	
  Rupke+11,	
  Maiolino+12	
  

CO(1-­‐0)	
  



PosiVve	
  Quasar	
  Feedback:	
  the	
  third	
  mode	
  of	
  galaxy	
  formaVon	
  


