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Stellar	  metallicity:	  
Represents	  an	  average	  over	  the	  en.re	  
star	  forma.on	  history	  of	  the	  galaxy,	  not	  
only	  the	  current	  SFR:	  op.cal	  to	  UV	  
absorp.on	  features	  

	  

	  Also	  sensi.ve	  to	  infalls	  and	  ou@lows,	  cycling	  of	  gas:	  op.cal	  emission	  lines	  

metallicity: a fundamental parameter 

Understanding	  its	  evolu0on	  is	  
essen0al	  to	  isolate	  the	  physical	  
mechanisms	  that	  drive	  Star	  

Forma0on	  



Metallicity	  
Ou@lows,	  
feedback	  

Stellar	  evo
lu.on	  

Dust	  
form

a.on
	  

Supernovae	  

metallicity: a fundamental parameter 



50.000 SDSS galaxies 
Tremonti et al. (2004) 

The mass-metallicity relation 
Possible	  Drivers:	  

	  See	  Kobayashi+	  2007;	  Brooks+	  2007;	  de	  Rossi+	  2007;Dave’	  &	  Oppenheimer	  2007;	  Dalcanton,	  2007;	  De	  Lucia+	  2004;	  Tissera+	  2005;	  Koppen+	  2007;	  Cid	  
Fernandes+	  2007;	  Finlator	  &	  Dave’,	  2008,	  Panter+	  2008,	  Governato+	  2008,	  Sakstein+	  2009;	  Calura+	  2009,	  Save’,	  Finlator	  &	  Oppenheimer	  2011,	  etc	  

Crucial	  test	  for	  models	  
Expecially	  at	  high-‐z,	  where	  the	  predic.ons	  of	  different	  models	  diverge	  more	  

	  

ü 	  inflows	  and	  merging	  
ü 	  ou@lows	  and	  feedback	  (AGN,	  SNe)	  
ü 	  evolu.on	  in	  IMF	  
ü …	  

ü 	  star	  forma.on	  history	  and	  mass	  lost	  
ü 	  downsizing	  



z~0.07	  SDSS	  
	  

z~0.8-‐1	  GDSS+CFRS	  (Savaglio+05),	  
	  GOODS	  (Cowie	  &	  Barger	  09)	  	  

	  	  	  	  	  	  	  	  	  	  VVDS	  (Lamareille+09,	  Perez-‐	  	  	   	   	  	  	  
Monteiro+09))	  

	  IMAGES	  (Rodrigues+08)	  
	  DEEP2	  (Zahid+10)	  

	  

z~2.2	  LBG	  (Shapley+04,	  Erb+06)	  
	  BzK	  	  (Hayashi+11)	  
	  Lenses	  (Richard+10)	  

	  

z~3.3	  	  �	  	  	  AMAZE	  (Maiolino+08,	  	  	  	  	  	  	  	  	  	  
	   	   	   	  Troncoso+13)	  

	  	  	  	  	  	  	  	  	  	  	  �	  	  	  LSD	  	  	  	  	  	  (Mannucci	  +09)	  
	  	  	  	  	  	  	  	  	  	  	  �	  	  	  LUCI	  	  	  	  	  (Cresci+16)	  

Evolution of the mass-GAS metallicity relation 

M-‐Z	  rela.on	  already	  
in	  place	  at	  z~3.5	  

Strong	  and	  fast	  evolu.on	  of	  
the	  M-‐Z	  rela.on	  beyond	  z~2	  

	  

3x  in  10 Gyr 

2.5x  in  1 Gyr 



The Fundamental Metallicity Relation 

Gas	  Metallicity	  depends	  on	  Mass	  but	  also	  on	  SFR	  	  

Spread	  ~0.05dex	  (12%)	  	  

	  à	  half	  dispersion	  of	  the	  original	  M-‐Z	  due	  to	  SFR	  

Mannucci, Cresci et al. 2010 



Redshift evolution of the FMR 

• 	  	  No	  evolu2on	  up	  to	  z=2.5	  
• 	  	  0.6	  dex	  of	  evolu.on	  at	  z=3.3?	  	  

Mannucci et al. 2010, Cresci et al. 2012, Cresci et al. 2016 
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Short-wavelength observations 
Gas	  phase	  metallicity:	  
	  	  
•  direct	  electron	  temperature	  measuraments	  

(Pilyugin+01,10,	  Izotov+06,	  etc.)	  
	  
•  from	  strong	  emission	  lines	  ([OII],	  [OIII],	  Hβ,	  

[NII],	  Hα…..)	  calibrated	  empirically	  (Penni	  &	  
Pagel	  04,	  Liang+06,	  Andrews&Mar.ni	  16	  etc.)	  

	  
•  or	  through	  photoioniza.on	  models	  

(Kewley&Dopita	  02,	  Tremon.+04,	  Dopita+06,16	  
etc.)	  

Curti, Cresci et al. 2016 
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obscured galaxies 
•  Metallicity	  is	  ooen	  unknown	  
•  When	  observed,	  refers	  to	  the	  outskirt	  only	  
	  

ESA / PACS / SHINING / U. Klaas & M. Nielbock, MPIA.  



FMR in obscured galaxies 
•  Spectroscopic	  pairs	  in	  SDSS	  (Ellison	  et	  

al.	  2008)	  
•  Merging	  galaxies	  from	  the	  Galaxy	  Zoo	  

sample	  
•  ULIRGs	  (Hou	  et	  al.	  2009)	  

Lower	  metallici.es	  than	  M-‐Z,	  but	  higher	  SFR	   Cresci	  et	  al.	  2025	  

SFR	  from	  FIR	  luminosity	  needed	  in	  obscured	  
sources,	  or	  just	  a	  skin	  effect?	  

SPICA:	  both	  SFR	  and	  metallicity	  
from	  FIR	  

Different processes? Same processes? 



•  Do	  ULIRG	  follow	  the	  
same	  rela.ons?	  	  

Rupke et al. 2008 

Different 
processes? 

Same 
processes? 

Maiolino+ in prep. 

SPICA:  
both SFR and 
metallicity from 
FIR 

ULIRGS – SFR from Hα 

ULIRGS    
SFR from FIR 

obscured galaxies 



The dark side at high-z 

The	  frac.on	  of	  obscured	  
star	  forma.on	  increases	  

with	  redshio,	  SFR	  and	  mass	  

Rodighiero et al. 2010 

Gruppioni et al 2013 

Santini et al. 2013 



Longer wavelengths 

[NII]205µm 

[CII]158µm 
Pioneer	  ALMA	  	  

metallicity	  measurement!	  
	  

But	  only	  very	  high-‐z,	  and	  only	  1-‐2	  
far-‐IR	  lines	  in	  good	  atmospheric	  
window	  with	  ALMA	  
	  
Need	  to	  calibrate	  empirically	  with	  
local	  galaxies	  

Nagao+12 

LESS J0332  
z=4.76 



Longer wavelengths 

Ex.nc.on-‐free	  lines	  

[OIII]52+88µm 

[NIII]57µm 

Nagao+11, calibrated with 
photoionization models 

Exploring	  the	  chemical	  enrichment	  of	  dust	  
embedded	  SF	  with	  Mid	  IR	  “strong”	  line	  	  



Longer wavelengths 

Spinoglio+12 

Nagao+11 

With	  Herschel,	  barely	  feasible	  for	  just	  an	  
handful	  of	  local	  galaxies	  
	  
Massive	  surveys	  possible	  with	  SPICA	  at	  
high-‐z!	  



Longer wavelengths 

Tommasin+10 
Nagao+11 

Not	  only	  metallici.es…	  
…other	  physical	  quan..es:	  

Electron	  densi.es	   Ioniza.on	  parameter	  



Conclusions	  Conclusions 

The dark side of metallicity 
 is strong with SPiCA/SAFARi ... 


