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S We want to use jonized nebulae to study the S
-. lchemlcal composition of the present-day ISM and

e the ISM of several Gyr ago, when the progenltors
- of PNe formed. e
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2 A comparison with stellar results.
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, Oxygen is the element for WhICh we can derive: the
| most rellable abundances in ionized gas.

~ InH Il regions and
low-ionization PNe:

~ Ne from:

Ne[O ]

Ne[S 1]
| Ne[CLIND |
| Ne[Ar V] | |
1([O 111] A5007)/1(HB),

~ O/H = O*/H* + O**/H*

([0 1] A3727)/I(HB),
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 O'region
~ O*/H* = function of

TeN I}, and Ne |

O* reglon i
O**/H* = function of

H.r

Te[O I1l], and Ne |
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The abundance -
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-8 Dee’p spectra of H II reglons (Esteban+04; _
. Garcia-Rojas+04,05,06,07) and PNe (e.g., Liu
| +00,04; Tsamis+03) confirm the discrepancy.
~ between the oxygen abundances implied by
recombination lines (RLs) and collisionally
i .ex0|ted lines (CELs, Peimbert+93; Liu+95):

- (and up to 70 for some PNe).




Explanatlons for the

. a-buf.t‘ndan Ge dv’ c@paﬂc

¢ Temperature fluctuatiohs (t2, Peimbert 1967).
Problem: finding a mechanism that produces
enough fluctuations. |

S Metal-rlch |ncl‘u3|ons (Liu+OO; Tsamis+05:
Stasinska+07; Henney+10). Problem: their origin
and survival.

S Errors in the recombination coefficients (Rodriguez
| +10) Problem: other ions show the discrepancy.



B ,Leas' Seeg some W“W T

2 An study of H.II regions and PNe of the solar
| nelghborhood (dlstances d < 2 kpc) and with the
best available spectra ([O 1] A3727, [O 111] A4959,

- M1of O 11, several line ratios sensitive to N, T[N 1],
~and Te[O 111]).
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Jenklns (2009 flnds that the depletlon of oxygen
in the diffuse ISM cannot be explalned with |

*S|I|cates and oxides. lces?

Whlttet-(2010) discusses a similar shortfall of

- oxygen in. molecular clouds and argues for
_depletion into organic refractory dust components

produced by the irradiation of ices by UV photons

in molecular clouds.

BJe H Il regions have Cometary_-like' dust grains? '
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Iomzatlon correctlon factors are likely to mtroduce

g bias that depends on the degree of excitation
(e g., the sulfur anomaly Henry+12 Rodriguez
+11b) |

) @,Another possible source of pias: the assumed
temperature structure.
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3. Have we reached an agreement between our most
reI|abIe stellar and ISM abundances’? = |

S Or do we still have |mportant systematlc errors in
our abundance determlnatlons’?

% Do the progenitors of PNe produce significant
amounts of oxygen? '
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Can we 1ncrease the-,
@mp1e7. C

There are more than 200 PNe in the solar
_nelghborhood (Frew+06, Frew08) =

2 About 500 of the known Galactic PNe have some
‘observed spectrum, 131 (up to 2004) whose
- spectra have reasonable quality (Perinotto+04).

® The oxygen abundance determination is more
‘robust for PNe (when O**.is dominant).




The metallicity distribution

LENe

‘Sources of ‘error



. The metalllmty =
s; "‘:-dﬁstﬁi hiit ion @ Iﬂ'e £

Spectra Complled by Perlnotto+04 plus more
~_recent results: 23 Galactlc PNe with at least
e three observed spectra ([O 1] A3727, [O |I]
~ M959, No[X], Te[N 1], and Te[O 111]). :

| 2 lonization correction factor: -
O/H = [(He*+He**)/He*] (O*/H*+O**/H*) from
Peimbert+37.
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The age-metallicity relation
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3.5.1. The Age-Metallicity Relation

We have assumed that there is an AMR 1n all four components

of the Galaxy, represented by a geometric equation. The average
metallicity of a star formed at time ¢ is

(€)(#) =log(Z/Z:) = a(t — b)" + d, (12)

with fitting parameters a, b, ¢, and d. Several authors (Carraro et al.
1998; Ibukiyama & Arimoto 2002; Bensby et al. 2004; Ibukiyama
2004; Haywood 2005), however, have found scattering in the

AMR, with ~90% of stars formed at a given time scattered over
about 1 dex interval in metallicity. We therefore assume that the
metallicity distribution of stars formed at any given time 7 follows
a Gaussian function:

[ 2
((t,log(2/2,)) = \/12_0 exp{“(o e L) }

(13)

where o, the width of the AMR at any given time £, is chosen to
be 0.25 dex for the bulge and spheroid and 0.15 dex for the thin

Moe & De Marco (2006)
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s!iThe'métalltcity'distributionof-PNe.”
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A Deep spectra of reIatlver high spectral resolutlon
| W|th reI|abIe flux Callbratlons | '

& We need to understand better (via good spectra
‘and photoionization models) the temperature o

- structure of nebulae and the biases and

_uncertainties introduced by ionization correction
factors.

. ® Solve the abundance discrepancy problem. g
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"’* The final objeCtiveS' to dérive reliable metallicities

and constrain or conflrm the results obtamed for
stars ' '
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