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ABSTRACT

Photoionization models of H i regions require as input a description of the ionizing SED (Spectral Energy Distribution) and of the gas
distribution, in terms of ionization parameter U and chemical abundances (e.g. O/H and N/O). A strong degeneracy exists between
the hardness of the SED and U, which in turn leads to high uncertainties in the determination of the other parameters, including
abundances. One way to resolve the degeneracy is to fix one of the parameters using additional information.

For each of the ~ 20,000 sources of the CALIFA Hu regions catalog, a grid of photoionization models is computed assuming the
ionizing SED being described by the underlying stellar population obtained from spectral synthesis modeling. The ionizing SED is
then defined as the sum of various stellar bursts of different ages and metallicities. This solves the degeneracy between the shape of
the ionizing SED and U. The nebular metallicity (associated to O/H) is defined using the classical strong line method O3N2 (which
gives to our models the status of "hybrids"). The remaining free parameters are the abundance ratio N/O and the ionization parameter
U, which are determined by looking for the model fitting [N n]/He and [O m]/HB. The models are also selected to fit [O n]/HpB. This
process leads to a set of ~ 3,200 models that reproduce simultaneously the three observations.

We find that the regions associated to young stellar bursts (i.e., ionized by OB stars) suffer leaking of the ionizing photons, the
proportion of escaping photons having a median of 80%. The set of photoionization models satisfactorily reproduces the electron
temperature derived from the [Om]A4363/5007 line ratio. We determine new relations between the nebular parameters, like the
ionization parameter U and the [On]/[Om] or [Su)/[Sm] line ratios. A new relation between N/O and O/H is obtained, mostly
compatible with previous empirical determinations (and not with previous results obtained using photoionization models). A new
relation between U and O/H is also determined.

All the models are publicly available on the Mexican Million Models database 3MdB.
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Fig. 1. lllustration of the modeled BPT diagram [O m]/Hp vs. [N n]/Ha
used to interpolate the values of log({) and N/O for the region 1 of
NGC3687. The blue diamond corresponds to the observed values in this
[Om]/HB vs. [N n]/He diagram. The circles and triangles correspond to
the values of the models obtained with the morphological factor fr set
to 0.03 (filled sphere) and to 3.0 (thin shell) respectively. The colors
correspond to the values of log(J) while the different values of N/O
lead to models from left to right for increasing N/O.

Brroopka CALIFA ~20 000 o6aacreii
MOHM30BAaHHOTO Tra3a

MetaaamaHocts raza 12+log(O/H)
oIpeaeAsieTcs U3 HaOAIOAaTeAbHBIX 4aHHBIX
MmetoaoM O3N2 (Marino et al. 2013)
CBoliCcTBa 3B€34HOIO HaceAeHus (BO3pacr,
MeTaAAMYHOCTD) OllpejeAsieTCsl U3 aHaAM3a
Ha0A104aeMoro crekrpa ¢ nomomsio FIT3D
OnpeaeseHHble HapaMeTPbl UCIIOAb3YIOTCS
Aast reHepauuu SED B pesyabrare
B3BEIIIEHHOTO CYMMVPOBaHN:
MHAVBIAYyaAbHBIX Moaeaert POPSTAR
(Molla et al. 2009) n IMF — Salpeter (1955).
Xots ucrioanr3doBanue IMF Chabrier (2003)
Ha pe3yAbTaThl CUABHO He BAUSET.
IToayuennsle SED, MeTaaan4HOCTb, OOMAME
9/1€MEeHTOB (KpOMe a30Ta) B COOTBETCTBIE C
Asplund et al. (2009) — na Bxog CLOUDY,
BKAIOUUB IIBIAb 11 PACCMOTPEB HECKOABKO
BapMaHTOB reoMeTpui 00AacTu
CBoOogHble napaMeTpsl Mogean — N/H (N/
O), u nonnsanyoHHb napamerp U.
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Fig. 2. Histogram of Qo;; = Q(H")/Q(He") for the OB and HOLMES
dominated spectra.

HOLMES = HOt Low Mass Evolved Stars
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Fig. 9. WHAN diagrams: values of EW, from the models (left panel) and from the observations (right panel) as a function of [N n]/He. The color
code represents the proportion of OB stars.
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Fig. 5. Electron temperature diagnostic line ratios as a function of O/H (left panels) and ([Om]A5007 + [Onu]A3727)/HpB (right panels) for our
models (colored circles). From top to bottom, the diagnostics are [Om]44363/45007 and [N n]A5755/16584. Black diamonds represent the T.-
based sample of Hu regions used by Marino et al. (2013). The dashed-color lines correspond to the grid of models computed by (Dopita et al.
2013). The color bar is following Qq/1, the softness of the ionizing radiation.
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Fig. 12. N/O vs. O/H. Left panel: the color is coding the hardness of the ionizing radiation Q. Right panel: the color is coding the value of
log(U). The blue line is the fit of the Qg > 0.55 regions (gray/red/orange points), see text for the corresponding values. The red dashed line
corresponds to the fit by Pilyugin et al. (2012), the cyan dashed line to Vila Costas & Edmunds (1993)

, and the green doted line to the fit by Dopita et al. (2013).



* IlpeacraBaena mogean o0aacreit HII, mocrpoeHHast 1o 00AbIIONM BHIOOPKE
CALIFA.

* Mogeau npekpacHO COraacyloTcs C MeTaAANYHOCTLIO, onpeeaeHHo Te-
MeToA0M. XOT:, TeMIlepaTypa H0Ay4aeTcs cAerka 3aHV>KeHHOI!.

« (CmMmogeanposaHHas skBuBaseHTHas mmpuHa EW(Halpha) nmaoxo
coraacyeTcst ¢ Haba104aeMoii. ABTOPBI TOBOPST 00 BBICOKOI (40 80%) g04e
yTeUK) KBaHTOB I3 KAacCHIecKIX o0AacTell 3Be34000pa30BaHILs I
HeOOXOAVMMOCTU APYTUX MCTOYHIMKOB MOHM3AL NN (1A HECOBEePIIIeHCTBe
Mogaeaeil postAGB) — B 00aacTu «MOHM3aM CTapbIMU 3B€34aMIL»

* Bce Mogean AOCTYIIHBI A5 CKauMBaHMU: B Oaze AaHHBIX 3MdB
https://sites.google. com/site/mexicanmillionmodels



