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0. Introduction 
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Hectospec multifiber spectrograph 
MMT telescope 
FoV 1 degree 
300 fibers  

1. Observations 

Observed 100 PNe  and  
50 HII regions  

The idea: obtain at the same 
time (instrument, analysis 
technique, chemical element) 
the metallicity at two epochs   

• Planetary nebulae:  

•  LIMS progenitors 

1 Msun<M<8 Msun  --> 0.3 Gyr < Age < 10 Gyr 

•  do not modify (in most cases) the O, Ne, Ar, S 
abundances 

• HII regions:  

•  ionized by O-B stars 
•  present-time ISM composition
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         Oxygen is the best measured element:  
• Many ionization stages 
• Direct electron temperature measurement 
• No correction (or small) for unseen ionization stages 

4000                                               5000                                                6000                                               7000
Wavelength (A) 

0.90±0.11 

R=0.8 

Magrini, Stanghellini, Villaver 2009 

1. Observations: PNe as tracers of the past ISM 
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From MSV09 
Non-Type I 

Type I 

1. Observations: PNe as tracers of the past ISM 

1 
1.5 

5 

Stanghellini & Renzini 2000 
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2. CEM 

HIIr sample (96 objs): 
1.  Magrini at al. 

2007 (including all 
previous works, 
like Vilchez et al. 
1988, Kwitter & 
Aller 1981, etc.) 

2.  Rosolowsky & 
Simon 2008 

3.  This work  

PN sample (72 objs):  
1.  MSV09 
 non-Type I PNe  
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2. CEM 

Accretion +  
cloud-cloud collisions 

Accretion + 
Schmidt law 

Not reproducing  
the central metallicity! 



Sept 18 2009 Arcetri M33 Workshop 

Oxygen map: at PN birth epoch 

Dss 1 x 1 deg 

1 kpc binning 

12 + log (O
/H

) 

8.5 

8.0 

7.5 

3. The 2 dimensional metallicity map 

N 
E 

Oxygen map:present-time 
HII regions (96) 

 Young stars (U etal.2009) (22 stars) 
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Halpha map 

R>120 kpc 
SB > 5 10-19 erg cm-2 s-1 arcsec-2 

4. The population dependent HII region gradient 

 Giant HII regions (9 objects) 
 HII regions (~90 objs, averaged in 1 kpc bins) 

-0.08 dex kpc-1 

-0.03 dex kpc-1 

•  Large self-bound regions not destroyed  
 by stars retain their original structure 

and get enriched by SF 

…but the giant region sample is limited in number 
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5. Summary 
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5. Summary 
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Model (accretion + S-law) 
AGB in agreement with curve ≈11 Gyr ago 

PNe seem much younger  
on average than AGB  
(≈ 4 Gyr old) AGB gradient: Cioni 2009 

-0.057 dex kpc-1 
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HII regions vs PNe 

No changes in the O/H gradient 

From MSV09, Magrini et al. 2007,  
Rosolowsky & Simon 2008 

1. Observations: the time evolution of the metallicity gradient 

HIIr sample (96 objs): 
1.  Magrini at al. 

2007 (including all 
previous works, 
like Vilchez et al. 
1988, Kwitter & 
Aller 1981, etc.) 

2.  Rosolowsky & 
Simon 2008 

3.  This work  

PN sample (91 objs):  
1.  MSV09 
  Type I PNe (younger) 
  non Type I PNe  
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3. The 2 dimensional metallicity map 

N 

S 

E W 

The location of the metallicity peak does not affect  
the symmetry North-South and East-West of the gradient 
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3. The 2 dimensional metallicity map 

The absence  of a dominant gravitational source in the 
center and the interaction with M31 are possible 
reasons for the off-centered metallicity 
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A & B supergiants in M33 (U et al. 2009)  

A & B supergiants in NGC300 (Bresolin et al. 2009) 

RS08 sample M07 sample 

 HII regions 
 Supergiants 


