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Active star formation in the triangulum galaxy  

NGC 604 M33 

M33 in the Local Group: northern HII regions best examples   



M33 offers a unique opportunity in order to 
perform detailed studies of the physics of 
extragalactic star formation regions with the 
necessary spatial resolution.  

Motivation. Extragalactic HII regions provide info on 
chemistry & massive stars: BUT their study    =>  
                        a multi spatial-scale problem  

Galactic nebula @ small scale (~10-2 few pc) 
Giant extrag. HII R @ large scale  (across discs ~ Kpc) Distant star-
forming galaxies @ entire galaxy scale   

M33 helps to understand the mechanisms driving massive     
  star formation  &  chemical evolution in distant galaxies 



Aller 1942 !! : spectra 
of HII regions in M33 

 e.g. Smith 1975: dealed with    
 emission-line gradients … 
  and few others …  

Pioneering Observations of  
*Extragalactic* Emission-line Regions  



Methodology tests: state of the art  

  *>>>  Standard direct abundance derivation in HII regions: 
             Tests Needed: Tests of the 2D ionisation structure 
      - Chemical in-homogeneities ?    
            Tests needed: 2D Study chemical enrichment/mixing             
      - Electron Temperature fluctuations ? (Peimbert’67)  
         Tests needed: Internal Te gradients in HII regions  
 *>>>  Geometry: 3D HII regions (Ercolano, B. et al 07 )               
           Tests needed: chem.  parameters & massive stars in 2D  
 *>>>   Ionising Clusters.  Dependence on metallicity,  masses? 
             Tests: Galaxy gradients of radiation hardening  
  >>>   (Hydro)-Dynamical effects on radial abundance     
       gradients !!  ...  Tests: 2D chemical galaxy maps. 



Gradients of ionising star temperatures in HII Reg   
    M33 shows one of the steepest radial gradients in the  hardening 

of ionising radiation of massive star clusters .  
      This fact suggest a strong gradient of massive star temperatures 

which are higher towards larger galactic radii.   
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Gradients of ionising stellar temperatures  
of HII Regions across spiral disks  

  Radiation softness parameter η 

 Is a function of the stellar eff. temperature 
  once a given family of model atmospheres is assumed 

   (parameter defined by Vilchez & Pagel 1988)   
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Gradients of ionising temperature of  
massive star clusters in HII regions 

Metallicity is not the 
 main driver of the  
 change in the star  
clusters temperature: 

It is suggested a star 
formation modulated 
across disks showing 
correlations  of the  
gradient of  T*  with: 

morphological T  
Galaxy Mass 
Mass(H2) /LB  

Perez-Montero &  
Vilchez    (2009) 



M33 Giant HII regions:  
Center, NGC 595 & IC 132 

   M 33 

1988 



PPAK Observations of the central 
HII regions of M33  



The outer HII 
region IC 132   



HII regions Geometry & Ionisation structure  
tests to 3D photo-i models    

 Э internal Te gradients;  extinction  &  dust distribution;  
  geometrical distribution of massive ionising clusters … 

     = >  DETAILED IFU STUDY OF  NGC 595  IN  M 33 

3D montecarlo photo-
ionization models: 
 ionising stars distribution  
(Ercolano, B. et al. 2007) 



 Integral Field spectroscopy of the 
giant HII region NGC 595 

Hα map Wolf-Rayet  stars  content 

PMAS @ 3.5m Calar Alto 
3.4 Å/pix  ; 3650 – 6990 Å 
47”x 92”  174 x 340 pc2 

Relaño et al 2009 submitted 
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Some open questions 

•  2D abundances:  IFU maps for M 33 
•  HII regions, PNs & Massive stars abundances 
   give consistent results => Te fluctuations -> 0  
•  Theoretical Models calibrations predict abundances 

(x2 x3) higher than observed 
•  What is the key physical variable controling massive 
    (ionising) cluster formation across M33 disk? 
… … 



Magrini et al @ WFC INT  



Radial abundance gradients: changing their shapes 

 Shape of radial abundance gradients may  
 be severely affected  by  gas dynamical  
 mechanisms, also by presence of bars !  
 implies caution at the interpretation!   => 

 2D Abundance gradients needed !! 

- Radial abundance gradients may be 
sensible to hydro-dynamical mech. 
in their disks; cyclon/anticyclon gas 
flows @ co-rotation (Vorobyov 2006 
MNRAS 370, 1046);  (also to  the presence 
of a central bar !) . 



Abundance Gradients: 1D to 2D 

M 33 
(Magrini, 
Vilchez, 
Mampaso 
 et al 2007) 

IMPORTANT!!        mid Infrared HII regions  and optical SG Stars also studied  
M33 Optical  and  MIR  Gradient  slopes agree ! Also with stellar abundance gradient 
ΔlogO/H/ΔR  = 0.054 ± 0.011  
(see U, Urbaneja et al 2009; Rubin et al 2008) 
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 M33  =>  2D gradients sampling 
Rosolowsky & Simon (2007) 
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   (Bresolin  2006) 

8m telescope observing limit 

Z=12+log(O/H)=8.66±0.05 
(Asplund et al  2004) 

Auroral to nebular emission line ratios: 
current observational limitations 



•  Due to the increasing importance of 
Oxygen  as a coolant from 12+log(O/H) 
~ 8.2 upwards, the strong-line empirical 
calibration for O  is two-folded. 

    ( Peimbert et al. 2006,    Bresolin 2007) 

•  Sulphur being less abundant than 
O and its emission lines being at 
longer λ, its relevance as cooling 
agents starts at lower temperatures 
(higher abundances ~ solar).   

•          NEW CAL up to 2 x Zo 

Pérez-Montero & Diaz 2005 

 Bright-Line Abundance Calibrations  

Pérez-Montero, Diaz, Vilchez, 
  &  Kehrig 2007 

O23 S23 



 Bright-line calibrations: Z & Teff  

Pérez-Montero, Vilchez et al. in prep. 

R23 vs  O23 R23  vs   η´   

            η  = [S+/S++]/[O+/O++] 
  Softness Parameter (Vilchez & Pagel 1988) 

Higher Teff Lower Teff R23= ([OII]+[OIII])/Hβ 


