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u.unam.mxSummary. We present results of a 
ombined model for the Planetary Nebula IC418.We perform a 
oherent model for the star and the nebula, using the 
odes CMFGEN[4℄ and Cloudy_3D [2, 7℄ respe
tively. We su

essfully reprodu
e all the observables(stellar 
ontinuum and lines, nebular emission lines, diagnosti
 line ratios, absoluteHβ �ux, HST images). We determine the stellar and nebular 
hara
teristi
s. Thepresen
e of an eventual 
lumping fa
tor avoid to determine more than lower limitsfor the distan
e and stellar luminosity.Key words: Planetary nebula, atmosphere model, photoionization model, IC4181 Introdu
tionIC 418 is a well studied young planetary nebula. Its rather simple morphology andthe impressive amount of observational data make from this PN an ideal test-
asefor a deep and detailed modeling performan
e, asso
iating atmosphere and nebularuptodate modeling tools. We use observations (surfa
e brightness maps, stellar andnebular emission line intensities, UV stellar 
ontinuum) from the literature, seebelow for the details. More details about this work will be found in [8℄.2 The star2.1 Stellar observationsThe spe
trum of the 
entral star is made from several sour
es. The wavelengthsfrom 900 to 1100 Å are taken from FUSE spe
trum. A STIS/HST spe
trum 
oversthe range from 1190 to 1700 Å and �nally an IUE SWP spe
trum extends the UVspe
trum to 1900 Å. In addition to the UV spe
trum we obtain a high resolution(R=20000) spe
trum of the 
entral star at National Astronomi
al Observatory inSan Pedro Martir (Mexi
o) using the REOSC e
helle spe
trograph.



254 Christophe Morisset and Leonid Georgiev2.2 Atmosphere modelThe model is performed using the CMFGEN 
ode [4℄. The stellar parameters are set�tting several features of the spe
trum des
ribed in Se
.2.1. As usual, the terminalvelo
ity is set by the blue wings of [C IV℄ 1548,50Å and [P IV℄ 1117,21Å lines.The turbulent velo
ity are measured from the width of several photospheri
absorption lines visible in the FUSE spe
trum. On
e the velo
ity law is establishedand the temperature is �xed by �tting the nebular response to the ionizing �ux, themass loss rate and the He/H ratio is determined from the �t of the Hβ and He II4686Å lines. More details are to be found in [8℄.3 The nebula3.1 Nebular observationsThe HST observation are des
ribed in [10℄, [12℄ and [11℄. The Li
k observatoryobservations have been report by [5℄. The CTIO observations are taken from [3℄.PN IC 418 have been observed in the UV by the IUE observatory and in the IRby the ISO fa
ilities. We take the values for the line intensities 
orre
ted from theextin
tion published by [9℄.The opti
al observations have been obtained through apertures des
ribed by[11, 5℄. In the following, we will apply the same aperture sizes, orientations andpositions to the emission line intensity maps for the opti
al lines, while the fullobje
t is taken into a

ount for the UV and IR intensities. This is done using thefa
ilities of Cloudy_3D.A total of more than 130 emission lines are used for the model, most of thembeing pure predi
tion (not used for the 
onvergen
e pro
ess).3.2 Nebular modelThe model is done using the 
ode Cloudy_3D [2, 7℄. The morphology of IC418 wasobtained by a trial and error pro
ess, using the HST images of Hβ, [O III℄ 5007Åand [N II℄ 6584Å and the density diagnosti
s (11 line ratios).The main goal in the determination of this somewhat 
omplex density distri-bution is to reprodu
e the 
entral enhan
ed emission observed in the [O III℄ 5007Åimage. This is rea
hed by using a double ellipsoidal shell morphology, where the den-sity is adjust to reprodu
e the emission line diagnosti
s. The density distribution isdes
ribed in details in [8℄. The distan
e is set to reprodu
e the observed angular sizeof the nebula.To 
ompare the models with the observations we de�ne toleran
es a

ordingto the observed intensities errors ∆I
I

ranging from 10 to 50%, depending on theabsolute intensities. Noti
e that these errors are also aimed to take into a

ount
ross 
alibration un
ertainties between the various observations, and the numeri
aland modeling errors due to the limited 
omplexity of the morphology we adopt andthe errors in atomi
 data we used. The toleran
e is de�ned as t = Log(1 + ∆I
I

). AQuality Fit parameter is then de�ned as QF = Log(Model/Observation)/t. Thisparameter is also used to analyse the diagnosti
 line ratios.
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Fig. 1. Comparison between the CMFGEN model and the observations.Fig. 1 shows the �t to the observed stellar spe
trum. An ex
eptional �t to boththe stellar and nebular observations is obtained. Figs. 2, 3 and 4 show 
omparisonsbetween the nebular observations and the results of the models, in terms of images,line intensities and diagnosti
 line ratios. Most of the observed intensities are re-produ
ed within the adopted toleran
e. The nebular response to the ionizing �uxdoesn't show any trend when 
ompared to the observations (see Fig.3). This is a
lear validation of the 
ombined stellar-nebular model.

Fig. 2. Comparison between HST observations (upper) and model images (lower).The lines are horizontal 
uts in the surfa
e brightness image through the small axis.
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Fig. 3. Results of the model: Quality Fit parameter (de�ned in Se
.3.2) vs. theionization potential of the emitting ion.The 
lumping fa
tor cf is aimed to take into a

ount an eventual small s
alestru
ture of the nebula, where the gas would be 
on
entrated in 
lumps. We insiston the fa
t that there is virtually no di�eren
e on observables between a model with
Q0, R and cf and a model with K2×Q0, K×R and cf/K, where Q0 is the numberof ionizing photons emitted by the 
entral sour
e, R is the radius of the nebula,and K being a 
oe�
ient greater than 1. All the line intensities, the angular sizes,and the images are exa
tly the same for both models. On
e the existen
e of su
h a
lumping fa
tor is a

epted, there is no way to determine the distan
e to the nebula,nor the absolute luminosity of the star, 
ontrary to what is 
laimed by [6℄.In the following, the litterature values for the determined parameters are givenin parenthesis. The Hβ value (without reddening) is predi
ted to be 3.4 × 10−10erg.
m−2.s−1 (2.6 - 5.9). The distan
e is estimated to be K × 1.0 kp
 (0.3 - 5.7).The ionized hydrogen mass is K2 × 0.03 solar mass. With an equatorial radius of
K ×1017
m and 
onsidering an expansion velo
ity of 12 km/s, the age of the nebulais K × 2750 years. The e�e
tive temperature of the star is 38.5 kK. Its luminosity is
K2 × 2300 solar luminosities (300 - 8000) and the 
orresponding number of ionizingphotons is K2 × 1047s−1. To reprodu
e the observed UV 
ontinuum �ux and shape,an extin
tion of EB−V = 0.24 (0.14 - 0.37) and RV = 5.1 is used with the Cardellilaw [1℄. The 
hemi
al 
omposition of both the star and the nebula we obtain are outof the s
ope of this pro
eeding, please referee to [8℄.
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Fig. 4. Quality Fit parameter (de�ned in Se
.3.2) for various diagnosti
 ratios (di-amonds for ele
tron density and triangles for ele
tron temperature). For the opti
allines, HAL refers to [5℄, GMC to [3℄, otherwise to [10℄. Other observation sour
esare des
ribed in Se
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