en abundances.
o P ot0|on|z




Ionized ISM Is an active filter to t.he
lonizing photons
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Photoionization codes = first ones

* First models in late 60's by D. Flower, P. Harrington, B.
Rubin among others.

 Photoionization codes can be seen as a completa

summary of all the physics we know about the
interaction between energeétic radiation-and interstellar
gas. -

COMPUTER MODELS OF THE PLANETARY NEBULAE
NGC 7662 AND IC 418
D. R. FLOWER

Department of Physics, University College, London, England

Discrepancies between the observed and calculated spectra of the nebulae are discussed. There is evidence for the
importance of dynamical effects and filamentary structure and possibly for deviations of the flux of the central
star of NGC 7662 from black-body values in the far ultra-violet.




Photoionization codes - tbday

» Today the more used photoionization code is certainly
Cloudy (G. Ferland, P. van Hoof, R. Porter, R..
Williams, W. Henney) It's a 200,000 lines C++ code
(W|th 500,000 lines of data files). - .

. Some other 1D codes are also used (PHOTO by
Stasinska, NEBU by Peqwgnot Mappmg by Dopita
and Binette)

. MOCASSIN (Erc
. CIoudyD Q- d Python versions, by Morisset) is a

10) is a Monte-Carlo full 3D code
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Photoionization codes

—
_ Description of Model (input

lonizi ‘ﬁED (BB, stel. model, synth.
Spectrum.) T#, L*, Z*

«  Gas distribution : nH(r — x,y,z)
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For a recombination line, like HB:

For a collisionally-excited line:

4y,
ens(T,) = nnﬁ's

=hv Hﬁaleiﬂ (T,)

—09
Eyg X1,

-0.5 _—hv,/kT,
€4 KL e
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How to make a model ’?'

™
-
- The mode ing procé‘ss 2 an
’nvegs problem :

-

: .-

III]/[SII] :
[ArllI[/Hb
[NIIJ/Hb

What we want!!!’
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Figure 2. Sequences of photoionization models with varying metallicities Z
and constant ionization parameter U. The symbols on the curves correspond
to the location of models with metallicities Z = 0.1, 0.2, 0.3, 0.4, 0.6, 0.8,
1.0, 1.5 and 2.5 Z, going from the upper left to the lower right (in panels
b, ¢ and d, the lowest metallicity models are actually outside the range of
Semi-empirical analysis of Sloan Digital Sky Survey galaxies - 11 the plots). The values of the ionization parameter U are 10~2 (black circles).
How:{o distinguish AGN hosts 5 % 1073 (red squares), 2 x 10~ (green triangles), 10~* (blue diamonds),

Grazyna Stasiriska,'* Roberto Cid Femandes Abilio Mateus.” Laerte Sodré | 5 x 107% (cyan + signs) and 2 x 107 (purple  signs).
and Natalia V. Asari’

Mon. Not. R Asos. Soc. 371, 972-982 (2006 ot I0N1T1A 15682




How to make a madel 7

» The « result » of a model is the set of input parameters,
including the density structure, the SED description, the
chemical composition, -and the temperature and ionic
structure. . *

There is no ICF, as all the iens are taken into account by
the phot0|on|zatron Code even if not observed.

Advantage: when a model IS converged, abundance can
be determine for element from just 1 line!




Converging a model;
DO matte
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Cohverging a model; faint lines
DO matter

BV 5-1 JnEr 1 M 141 NGC 2818 Sh 1-89 Sh 2-71E

PARAMETER . Obs. Model Obs. Model Obs. Model Obs. Model Obs. Model Obs. Model

[O u] 23727 352 367 782 734 290 274 509 498 408 385 179 232
[Ne m] 23869 163 163 115 112 102 101 155 155 108 112 133 133
Hé 74101 25.7 25.1 24.5 25.9 25.1 254 26.4 259 24.5 258 23.5 247
H~ 74340 48.3 46.5 57.0 46.9 46.0 46.7 48.0 46.9 45.2 46.8 43.4 46.3
[O m] 74363. 25.1 18.2 542 4.87 17.2 10.2 14.6 8.06 4.07 3.49 214 18.8
He 1 74471 ... ; 6.12 5.99 5.15 7.36 cva 4.83 4.40 6.15 4.75 7.16 o0 5.96
He n /4686 66.9 68.5 22.9 229 53.2 53.0 329 32.7 25.7 23.6 90.8 91.3

[Arv] 24740 ............. . 3.89 3.80 ... 0.48 6.92 3.00 ... 92 i 0.29 8.14 8.54
[O m] A5007............... 951 923 721 820 653 654 808 747 668 691 833 838
[N 1] 75200 192 19.6 4.84 559 225 226 22.0 232 133 133 243 248
[Cl ) 25518 ... 2.59 236 ... 087 ... 1.65 ... o) L 072 ... 2.13
[Cl m] 5538.............. 1.64 1:87. ... 062 ... 1.60 ... 087 ... 053 ... 1.69
[N 1] A5755 .orrrrrreeeee. 26.4 25.0 7.96 6.94 ; 226 19.3 17.3 7.38 819 338 34.8
He 1 /5876... 16.1 161 194 19.4 : 13.8 16.0 16.1 19.2 19.2 16.1 16.1
[O 1] 76300 .. 436 100 273 11.4 : 13.7 47.0 16.7 46.3 13.6 254 6.58
[S m] i6312. 7.37 951 .. 0.52 X 5.22 2.83 446 ... 1.43 9.64 154
Ho /6563 299 299 290 290 296 289 289 292 292 302 302
[N u] 16584, 1135 1101 633 584 1011 1175 1191 793 813 1614 1615
He 1 /6678 4.73 435 ... 5.49 g 3.54 4.86 4.55 5.56 5.42 6.83 435
[S u] 46717 99.0 98.1 164 16.8 : 487 114 115 47.7 485 106 107
[S n] /6731 94.9 942 114 11.8 : 66.2 82.5 83.3 40.2 408 101 102
[Ar v] 27006 2.10 036 ... g 047 5 051 ... 1.82
[Ar m] 47136 g A 446 44.6 J g ; 31.6 31.4 15.1 153 59.1 59.1
o 0.80 ... ; : 020 ... 1.00 ... 0.67
N Q98 R84 R R
T(Ow) 12272 15183 10524 9791 17461 13638 14599 11891 9862 9338 16117
Ne ... 195 552 20 20 2059 2010 31 36 251 250 535
010 ... 007 ... 0.08 ... )X SR 013 ... 0.08 a3 0.12
34.8 A% 35.1 ook 338 i 34.9 32 34.6 R 34.6 S 35.1
6.5 7.1 0.9 1.3 3.2 1.9 54
1.8 27 1.3 0.4 4.9 0.8 1.0
[C 1] /9850 695 ... 1.08 ... 14.6 11.3 465 i 87.8 1.81
[C u] 42326.. 56.6 30.3 71.7 281 30.7 Uy 447 41.1
[C m) 21909 106 166 119 .. 1066 96.2 711 406
[C ] 21549 420 ... 45.1 897 ... 133 45.1 31.4 252
[N m] 21750...ccumcceee ... 72.2 264 753 ... 120 9.68 ... 9.68 ... 707
[N m] 57.21 pum 295 207 e 216 67.4 361 275 405
[N 1v] 41486 3.80 ... 07 o 1.00 ... 20.3 41.4 093 ... 488
[Ov] 25.88 pm....ccc.. ... 15.9 109 67.6 48.1 152 66.0 177
[Ne 1v] 2424 ... 284 ... 302 ... 120 ... 892 ... 224 ... 144 ... 61.3
[Ne v] 14.32 um 017 ... 759 ... 182 ... 12.2 20.7
[S m] 49532 131 175 21.7 111 134 262
[S 1v] 10.51 pm 12.1 634 ... 506 ... 28.3 58.9 150
[CI 1v] /8047 127 i 2147 i 129 i 181 & 1115 1.94




Cohverging a model; faint lines

DO matter

PARAMETER

AT9

BV 5-1

JnEr 1

M 141

Obs.

Model

Obs.

Model

Obs.

Model

Obs.

Model

[O u] 23727
[Ne m] 23869
Hé 74101

Hy 74340

511

155
30.5
48.8

491

155
25.8
46.8

352

163
25.7
48.3

367

163
25.1
46.5

782

115
24.5
57.0

734

112
25.9
46.9

290

102
25.1
46.0

274

101
254
46.7

[O m]) /4363..

9.19

5.21

25.1

18.2

542

4.87

17.2

10.2

He 1 /4471 ...
He n /4686
[Ar v] 24740 ...

7.19
48.6

10.2
49.8
0.35

6.12
66.9
3.89

5.99
68.5
3.89

5.15
22.9

7.36
229
0.48

53.2
6.92

4.83
53.0
3.00

[O w] 75007

44

443

951

923

721

820

653

654

[N 1] 45200
[Cl m] 25518....
[Cl m] 25538
[N u) A5755
He 1 25876 ....
[O 1] 46300 ...
[S m] 46312..
Ha 26563

[N n] 26584 ..
He 1 /6678

[S u] 26717
[S u] 46731...

349

36.1
269
98.8
291
2155
10.4

145
117

335

37.0
1.34
0.99

34.7

26.8

12.5
4.86

291
2050
7.51
144
116

33.2
098
12272

19.2
2.59
1.64

26.4

16.1

43.6
7.37

299
1135
4.73

99.0

94.9
2.10

446
0.80

19.6
236
1.87

25.0

16.1

10.0
9.51

299
1101
4.35

98.1

94.2
0.36

446

4.84

7.96
194
27.3

290
633

16.4
11.4

5.59
0.87
0.62
6.94
19.4
11.4
0.52
290
584
5.49
16.8
11.8

10524 9791

225

26.1
13.7
43.8
7.75
296
1010
3.58
48.7
66.1
5.80
62.1

17461

22.6
1.65
1.60

22,6

13.8

13.7
5.22

296
1011
3.54

48.7

66.2
0.17

62.2

13638

log [L( H(x)

[C 1] /9850....
[C u] 42326...
[C ) £1909..
[C ] A1549.....
[N m] 2A1750....
[N m] 57.21 pm.........
[N 1v] 21486..............
[O v] 25.88 pm.........
[Ne1v] 22424 ..........
[Ne v] 14.32 pym .......
[S m] 29532...............
[S v] 10.51 pm .........
[C] 1v] 28047..............

195
0.10
348
6.5
1.8
6.95
56.6
106
4.20
72.2
295
3.80
15.9
2.84
0.17
131
12.1
1.27

35.1
7.1
2.7
1.08

30.3

166

45.1

264

207
70.7

109

30.2
7.59

175

63.4

2.17

20

20
0.08
338
0.9
1.3
14.6
71.7
119
8.97
7.53
216
1.00
67.6
1.20
21.7
5.06
1.29

2059

2010
0.12
349
1.3
0.4
11.3
281
1066
133
120
67.4
20.3
48.1
8.92
1.82
111
283
1.81

NGC 2818
Obs.  Model
509 498
155 155

264 259
480 469
14.6 8.06

440 615

329 327
o 1.92
808 747
220 232
1.21
" 0.87
193 173
160 161
47.0 16.7

283 446

289 289
1175 1191

4.86 4.55

114 115
825 833
25 0.51
3.6 314

020

OR84
14599 11891
31 36
0.13
34.6
32
49
4.65
30.7
96.2
45.1
9.68
361
414
152
224
12.2
134
58.9
1.15

Sh 1-89 Sh 2-71E
Obs. Model Obs. Model
408 385 179 232
108 112 133 133

245 258 23.5 247
452 468 434 463
407 349 214 188
475 7.16 Ta 5.96
257 236 908 913
st 0.29 8.14 8.54
668 691 833 838
133 133 248
0.72 2.13
e 0.53 1.69
738 819 34.8
19.2 19.2 16.1
46.3 13.6 6.58
S 1.43 154
292 292 302
793 813 1615
5.56 5.42 435
47.7 48.5 107
40.8 102
P 1.82
15.3 59.1
OR62 9338 17284 16117
251 250 524 535
0.08 0.12
The rms relative difference between'the observed and mod-
eled spectra was determined with \
\

\
1 (0; — M;)*
rmsz - ﬁz PV, 0’2 i\ ) (2)
\

where N is the number of lines included in thg:vnalysis, W, is
a line weight factor, and O; and M; are the observed and mod-
eled line intensities. The line weight factor is ®ual to 1 when
O/HB > 0.5, 0.5 if O,/HB €[0.1,0.5) and 0.25 if O/HS €

[0.01, 0.1). Obviously, all hydrogen recombination lines are ex-
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A photoionization model of the compact H n region G29.96-0.02*

C. Morisset!, D. Schaerer?, N. L. Martin-Herndndez®, E. Peeters®?, F. Damour!, J.-P. Baluteau!,
P. Cox®, and P. Roelfsema®

[Armi]9.0 [sm)18.7 1]133. y [Nen)12.8

3

-30-20-10 0 10 20 0 -30-20-10. ¢ 0 20 B -3-20-10 0 10 20 -30-20-10 0 10 20 X -3¥-20-10 0 W0 20 X
orcsec arcsec oresec orcsec aresec
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[Nem]15.5 [N]121.7 [NI)57.3 ) [om]88.3
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orcsec orcsec arcsec arceec orcaec orcsec
Fig. 1. Emission lines maps of the best model, in grey linear scale. The two components are presented with angular size related
to their corresponding covering factors. Contours for the ISO SWS beam profile are superposed, for transmissions of 20, 40, 60,
80% of the flux. In the four latest maps, the LW S aperture size is of order of the images, and not shown. Note that the SWS
! aperture is not always centered.
|
|
k

In the case of SlitS'Smaller than the object, it very important to
determine therangelar distribution of the emission for each line.



SR R

Aperture effects

A self-consistent stellar and 3D nebular model
of planetary nebula IC 418*

C. Morisset and L. Georgiev

Hel 7065 7.040 [011) 7332 : 13.380
Hel 7065 5.130 ol 77713 0.075
Hel 7281 0.791 0l 8447° 1.142
[cI) 8727 0.033 019264 0.027
[CII} 157. 1.100 (O III) 4363 0.935
clII) 2326 81.462 [OIII) 4363 0.520
cIII) 1909 27.592 [OI1I) 4363 0.910
CcIl 1335 23.212 (O III) 4959 72.700
cll 1761° 2.102 [0 I11) 4959 29.520
cll 4267 0.570 0 111} 4959 50.100
cll 4267 0.690 [0 III) 5007 214.000
cll 4619 0.011 [0 III) 5007 85.870
c Il 65807 0.805 0 00 g L0
cll 7231¢ 0.169 y [OII)51.8 15.261
NI} 5198 0.201 X [OIII)88.3 2.407
(NI} 5200 0.117 oll4152 0.018
(NII) 5755 2.760 Ol 4341 0.085
NI} 5755 01l 4593° 0.024
(NII] 5755 oIl 4651 0.171
5348 [Nell} 12.8 53.098

[Ne II1) 3869 3.090

54.902 [NeIII) 3869 2.050

156.681 [NeIII) 3869 2,630

0 (NII) 6584 . 217.309 [Ne II1) 3968 0.970
orcsec INII) 6584 ; 162.014 [Nelll) 3968 3 0.640
INII) 121 1 0.189 [NeIIl) 15.5 9.512

orcsec

Fig.3. Apertures used to reproduce observations by Sharpee et al.
(2004) (left one) and Hyung et al. (1994) (right one), superimposed on
the HB model image.

Discrepanciés petween different observations not always mean
errors... Can bexdue to the slit size and position.



Mid-IR observations of Galactic Hu regions: Constraining ionizing
spectra of massive stars and the nature of the observed
excitation sequences

The ionizing radiation from massive stars and its impact on HII
regions: results from modern model atmospheres

C. Morisset', D. Schaerer™, J.-C. Bouret?, and F. Martins®* S. Simén-Dfaz'? * and G, Stasifiska’

lonizing radiation from massive stars and its impact on HIl regions

CMFGEN

TS

log(H,. in orgs"cm"ﬁz")

Atmosphere modeélsialmost always agree in the optical and near UV (observed
part of the SED), batiéanrstrongly disagree in the never-observed ionizing part
of the SED. The nebulas see » this, and tell us about the SED shape.



2-components maodels

[si

? X Nelfil]
'

TSOHIEEAI]
’/: il ﬂwv

2 2 3.0 35 4.0 4.5 5.0 5.5 2.0 25 3.0 35 40
fog(n,) [cm 7]

log(n,) [cm "]

20000
18000
16000
14000
¥
= 12000

10000

8000

6000
2.0 5 X . 4.0
log(n,) [em’]

o 2 componehts, differing by Te, ne and the ionization
structure.

* No way tesséparate them without a detail model.




Three-dimensional chemically homogeneous and bi-abundance
photoionization models of the ‘super-metal-rich’ planetary
nebula NGC 6153

| H.-B. Yuan,'! X.-W. Liu,">* D. Péquignot,® R. H. Rubin,>*> B. Ercolano®’-8
and Y. Zhang®

[@ m) 5007

FSoLLEVar €0 L1

el el

Figure 14. Projected monochromatic images of Hf (left-hand panel), [Om] AS007 (central panel) and On 24649 (right-hand panel) predicted by the bi-
abundance model B at a viewing angle of 8 = 60°. = 0° is for face on. The units of the colour bars are 1073, 1072 and 10~ '3 ergem 2 s~ ! arcsec 2 for the
three images, respectively.




3D photoionization models of NGC6153 1047
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Figure 15. Comparison of the predicted and observed line fluxes for ORLs (left-hand panel) and CELs (right-hand panel) in the bi-abundance model B. Black
and grey parts represent contributions from the normal and the cold H-deficient components, respectively.

0.0

A kind of 2-eomponents model. Direct method is not usable,
unless one haveaway to separate the contribution of each
componentinfeach emission line. .



SR R

Effect of the dust

1036 G. Stasiriska and R. Szczerba: The temperature in dusty planetary nebulae

Table 5. Abundances determination for models with 7. = 5 x 10* K.

Toun
Iril\'ll]

Neis11)
nv::\r V]

He* (\5876)/H"

He* " (\4686)/H"

He/H

‘ (,\0007)/1{'
*+(1663)/H*
+ . (
(

A52 um)/H"
T (A88 um)/H"

tr()4651)/H!

model Aa

8242,
8197.

9120.
11 120.

1.11E-01

1.34E-04
1.12E-01

447E-04

1.29E+-00

4.14E-01

2.62E-01

model Ba

8552.
8434,

8837.
11 091.

1.13E-01

1.88E-04
1.14E-01

1.28E+00

4.20E-01

2.65E-01

model Ca

13 504.
10 480.

6832.
10 949.

1.07E-01
7.36E-04
1.08E-01

2.61E-04
3.08E-04
3.08E-04
3.05E-04
3.48E-04

1.17E+00
5.21E-01

2.73E-01

model Da

9356.
9079.

T7444.
11 012.

1.14E-01
2.03E-04
1.15E-01

3.32E-04
3.56E-04
3.43E-04
3.42E-04
3.53E-04

1.23E+400

4.70E-01

2.68E-01

model Ea

8330.
8776.

6548.
20 401.

1.12E-01
1.37E-04
1.12E-01

3.57E-04
3.7T1E-04
4.04E-04
4.17E-04
3.56E-04
4.21E-04

1.28E+00
5.23E-01

2.59E-01

model Fa

8422,
9051.

14 782.
13 830.
1.12E-01

1.35E-04
1.12E-01

1.31E+00

5.67E-01

2.71E-01

model Ga

13 145.
11334.

10 108.
12 338.

1.08E-01
6.18E-04
1.08E-01

2.18E-04
2.63E-04
2.25E-04
2.35E-04
3.06E-04
2.75E-04

1.19E+00

6.86E-01

2.83E-01

Dust changes'the temperature structure of the nebulae. In this study,
Stasinska & Szczerbatest different dust (small, large grains, inclusions)
and found that'thexderwved O/H abundance is strongly affected (input
value = 4.79E-04)8AND DEPLETION EFFECT... =«



Temperature gradient
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On the nitrogen abundance of fast, low-ionization emission regions:
the outer knots of the planetary nebula NGC 7009

D. R. Gongalves,'** B. Ercolano,? A. Carnero,> A. Mampaso® and R. L. M. Corradi**

___polar bubble |

J

2 A
ﬂ

Figure 2. Left-hand panel: HST [Om] and [N 11] images of NGC 7009 on a logarithmic intensity scale; slit position for the spectra discussed in Section 2.1 is
indicated by short lines (PA = 79°), while labels mark the position of the several structures, where ‘K’, ‘J* and ‘R’ stand for ‘knot’, ‘jet’ and ‘rim’, respectively.
Right-hand panel: project emission maps from the model; the top map is [Om] and the bottom one is [N11]; maps (in arbitrary units) are not on the same

and [N 1] images, and long-slit spectra of NGC 7009. Our model is indeed able to reproduce
the main spectroscopic and imaging characteristics of the bright inner rim of NGC 7009 and

its outer pairs of knots, assuming homogeneous elemental abundances throughout the nebula,
for nitrogen as well as all the other elements included in the model.

Because of the fact that the (N*/N)/(O*/0) ratio predicted by our models is 0.60 for the rim
and is 0.72 for the knots, so clearly in disagreement with the N*/N = O*/O assumption of
the ionization correction factor (icf) method, the icfs will be underestimated by the empirical
scheme, in both components, rim and knots, but more so in the knots. This effect is partly
responsible for the apparent inhomogeneous N abundance empirically derived. The differences




The effects of spatially distributed ionisation sources on the
temperature structure of H 11 regions

B. Ercolanol"", N. Bastianz, G. Stasir'lska3

Table 4. Oxygen abundances derived applying various metallicity indicators to the integrated emission line spectra calculated for our models (See text for
calibrations used), All abundances are given in Jogarithmic scale, 12 + log(O/H). The input values of 12 + log(O/H) (i.e. "the right answer") are 8.99 (Z/Z, =2),
8.69 (L2 =1),829(Z/Zr =04),799 (LZy =0.2) and 739 (ZZ = 0.05). | A |, the largest difference between the abundance derived from C, H and F
cases are given for each model trio. The value averaged over all models, |< A >/, is given in the last row of the table.

model Oz O3N2 Nz Sz S303 Ar model Rzs O3N2 N2 23 5303  ArzO4

867 878 844 792 877 8 CSh2.0 862 877 850 ! 8.75 8.82
869 878 843 787 B.76 . HSh2.0 862 877 850 ! 8.75 8.82
867 873 852 817 867 . FSh2.0 863 8.6 52 s 8.72 8.81
002 005 009 030 0.10 05 A 0.01 0.01 02 | 0.03 0.01

8.74 827 817 776 804 . CSh1.0 866 830 2 » 8.16 8.55
8.75 827 816 773 802 : HSh1.0 867 830 2 92 814 8.54
849 B40 843 834 B2 X FSh1.0 8.51 3 ‘ 23 824 8.61
026 013 027 061 022 ; A 0.16 A > 3 0.10 0.07

8.52 J 787 793 B28 A CSh0.4 8.52 A g : 8.10 1.77
8.52 8. 785 792 822 : HSh0 4 8.50 . . . 8.08 1.73
8.43 815 822 9.02 . FSho.4 8.41 23 . . 8.27 8.12
0.09 5 030 030 080 3 A 0.11 i 22 : 0.19 0.39
7.86 L 777 199 767 v CSh0.2 7.84 X : P 7.87 7.92
787 g 7.77 7 7.66 . HSh0.2 7.86 o 5 . 7.79 7.82
7.68 J3 8.05 ! 8.10 . FSh0.2 172 A3 02 ! 8.11 8.26
0.19 . 0.28 . 0.44 . A 0.14 L 2 3 0.32 0.44

748 92 751 2 7.39 o CSh005 744 93 e 3 7.58 6.67
! Sp0. 7.44 93 7.56 = 749 ! HSKOOS 744 g 53 e 157 6.63
]

7.15 4 7.77 .73 791 / FSh0O5 721 i ‘ 3 793 749
033 2 y 0.52 . A 023 A 23 3 0.36 0.86

The abundancerdetérminations show strong biases due to the
presence of multiplesHll regions summed in the same observation.



The chemical composition of TS 01, the most oxygen-deficient

planetary nebula

AGB nucleosynthesis in a metal-poor binary star*>**:-***

G. Stasifiska!, C. Morisset?, G. Tovmassian?, T. Rauch?, M. G. Richer®, M. Pefia?, R. Szczerba’, T. Decressin®,
C. Charbonnel’, L. Yungelson®, R. Napiwotzki’, S. Simén-Dfaz'?, and L. Jamet!

« No Te-diagnostics ([Nev]A24.3um/[Ne v] A3426, but need godd cross-calibration, with
aperture effects)

« Complexe SED (2 stars, both acting on the nebula)
¢« Complexe morphology (Bipolar shapej
BUT :
. G.ood stellar observations to constraint the central engine
 Good and multiplesebservations of the nebula (IR-opt-UV spectra + images).

. C3D photoionizationfeede to take into account morphology and slit positions



[Ne ‘ :
- .7 | ' .lr !

Fig. 14. Monochromatic images of the reference model in various lines
(the values of the wavelengths are in A if they are larger than 900, and
in ym otherwise). The x and y values are the coordinates in pixel units
of the models.

Table 6. Nebular abundances of TS 01, in various units.

12+log X/H Uncertainty X/H Mass fraction

1095 +0.04 8.91 x 1072 2.63x 10!
7.84 +0.30 6.92x 107° 6.11x10™
7.15  £0.25 1.41 x 10-3 1.46 x 10~*
6.82 +0.33 6.61 x 107° 7.79 x 10-3
6.83 +0.30 6.76 x 107° 9.96 x 10~°
<5.5 <3.16 X107 <7.45%10°°
<4.5 <3.16 x10°% <8.38x10°7

Oxygen and other elemental
abundances are determined
within 0.3 dex error, quite good
without Te-diagnostic!



On N-component models

* Adding N photoionization models wéighted by |
covering factors can represent very different
topological distributions of the N components

» Cloudy -3D is one of the use of this, where a
spatial distribution is assumed.

» t* can be simulated by adding extra heating in
. some part of thesnebula, even without knowing
‘oceurs and where it is located.




RESOLVING THE ELECTRON TEMPERATURE DISCREPANCIES IN Hit REGIONS AND PLANETARY
NEBULAE: x-DISTRIBUTED ELECTRONS

DaviD C. NicuorLs', MiCHAEL A. DopITA'?, & RALPH S. SUTHERLAND'

~— Maxwell core

Relative population

0.4
0.2

0.0
0.0 0.5 1.0

Energy (E/kgTy)

FIG. 4.— k = 2 energy distribution with peak-fitted Maxwell-
Boltzmann distribution core.

! « The spatialidistridutionror the N components can even be microscopic
|
|

iInstead of mMaeroseopic — Kappa distribution as a sum of gaussians

 Each gaussian‘eorresponds to a fraction of the gas being at a different
temperature;;OBtaINEd by adding extra heating to different runs of
" photoionization‘'models.



lr

It also r eed 1l

Conclusions =

* Photoionization modeling Is sometimes more

efficent than direct method as it can take into
account coherently and simultaneously all the
observables of a given object, as well as

aperture, dust, N—components and 3D effects.

But it takes more tlme and experience to be
correctly converged, and

atthe electron temperature is
well constrair (or by diagnostic, or by
controlling@lmost everything).



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 7
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 21
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45

