M43, the little sister
of the Orion nebula.

Jorge Garcia-Rojas
IAC, Spain

Sergio Simon Diaz (IAC, Spain)

César Esteban (IAC, Spain)

Grazyna Stasinska (Obs. Paris-Meudon, France)
Christophe Morisset (IA-UNAM, Mexico)
Angel R. Lépez-Sanchez (AAO, Australia)

5 arcmin

—

1 A ‘



A detailed study of the HIl region M43 and its ionizing star.

I. Stellar parameters and nebular empirical analysis.

Simon-Diaz, Garcia-Rojas, Esteban, Stasinska, Lopez-Sanchez & Morisset, 2011, A&A, 530, A57
Il. Stellar spectral energy distribution and nebular photoionization models.

Simdn-Diaz, Morisset, Garcia-Rojas et al. (in preparation)

Home » Mighlights

SRR AR _Highlighted papers

Vol. 530 In section 6. Interstellar and circumastellar matter

6 May 2011

A detailed study of the HII region M43 and its ionizing
star. 1. Stellar parameters and nebular empirical
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» CrossRef Determination of abundance in ionized environments,
» Access by vol/page wold such as M 1l regions and planetary nebulae, has long
¥ DOI resolver been hampered by the problem of passing from the
» Useful links abundance of the observed ions to that of the element.

This is often addressed by a correction factor that takes

inte account the unmeasured species as a function of

temperature and density.  This multiaperture

spectroscopic study of the prototypical M II region, the
central part of the M 43 nebula associated with the Orion nebuls, provides a
benchmark study of such analyses: the abundance of individual ions comprising the
whole of those states spanned by each element have been directly measured without
the need for corrections. Important details, the effects of diffuse emission (scattered
light from the imbedded stars), dust, and variations in the physical conditions within
the ionized gas are included.
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Color composite image of the M
42+M 43 region (Simon-Diaz, S.,
et al., 530, A57)



Motivations of the study

Combined study of Galactic HII regions and the associated massive OB-type
stars to:

e Check the reliability of the ionizing spectral energy distributions predicted
by the modern stellar atmosphere codes

e Step forward in the investigation of the cause of the nebular abundance
discrepancy problem

e Investigate if present-day abundances derived from HII regions and B-type
stars in agreement?

M43 is the first one but there are others...




MA43: the little sister of M42

* Bright nebula

» Apparently simple geometry

* Single ionizing source: HD37061,
B0.5V-B1V star. Multiple system, but
only one of the stars produce ionizing

photons.

* Forms part of the very well studied
Extended Orion Nebula (EON)

» Stellar abundances well known (see
next talk by S. Simon-Diaz)

A simple case?
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Observations, strategy and tools (in a nutshell)

Narrow band images | WFC@INT | Nebular geometry
0 Ha, Hac, HBc, HB L(Ha), S(Ho)
S .
.&_'} (+[OII1], [SII]) Extinction maps
% Long-slit optical ‘ ISIS@QWHT ‘ Nebﬁéiruaﬁy:;:ﬂg;ﬁggt'es
spectroscopy IDS@INT Y
Ionization structure
% ISISQWHT Stellar and wind parameters
@ ||| Optical spectroscopy IDS@INT Ionizing SEDs, Q(H°)
S FIES@NOT Stellar abundances

IDL, IRAF (nebular)
Stellar atmosphere codes (FASTWIND, CMFGEN, WMbasic, TLUSTY)
Photoionization codes (Cloudy, Cloudy3D)




Qualitative and Quantitative analysis of
nebular images.

WFC@INT: Ho,, [OI11], [SII]

M43 appears as a roundish H Il region
centered on HD 37061 and well separated
from the Orion nebula by the north-east
dust lane.

Diameter of about 4.5 arcmin (~0.64 pc
assuming a distance of 400 pc).

Crossed by a dark line oriented N-S. This
dark cloud is located in front of the nebula,
blocking the light coming from behind
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Qualitative and Quantitative analysis of
nebular images.
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Qualitative and Quantitative analysis of
nebular images.

Simple spherical photoionization model
with n,=500 cm and the SED from the
FASTWIND model of the ionizing star.

M43 - [OIl]
O** region would be ~25 % of the total

size of the nebula.

[O Ill] emission comes from a more
extended region, not associated to
nebular material ionized by HD~37061

Sr——— Extended emission




Qualitative and Quantitative analysis of nebular images. The
structure of M43 (and the influence of its “older” sister M42)
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TALK BY BOB O’DELL YESTERDAY

Study of the EON.

Find that scattered light affects physical
conditions derived from emission line ratios at
distances larger than 5’ from the Huygens region.
But M43 partially shielded from 6'0Ori C by NE
dark lane.

At large distances scattered light becomes
dominant.



Qualitative and Quantitative analysis of

nebular images.
Extinction map
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Empirical analysis of the nebular spectra
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Empirical analysis of the nebular spectra.

Plasma diagnostics and abundances
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Empirical analysis of the nebular spectra.

O, S and N abundances. Results and comparison with M42 abundances.

Element M43 M 42 (GREO7) M42 (SDS10)

O 8.57+0.05 8.54+0.03 8.52+0.01
S 6.97+0.03 7.04+0.04 6.87+0.04
N 7.80+0.04 113009 7.90+0.09

M43: No ICF correction needed

M42: GREO7 (Garcia-Rojas & Esteban 2007) Use empirical ICFs for N
and S. Same atomic data set than in M43

M42: SDS10 (Simon-Diaz & Stasinska 2010) Use photoionization model
ICFs for N and S. Atomic data in S are different.



Empirical analysis of the nebular spectra.

Importance of an adequate correction of the scattered light component

Uncorrected Corrected Uncorrected
A4 A5 Ad A5 Total Slit
n.(cm™3) [On] 475 485 440 450 510
[S ] 560 565 560 560 600
T.(K) [Ou] 7650 7700 7260 7270 7900
[O m] — — — — 7450
e(X™) O* 845 844 858 8.58 8.38
Ot — — — — 7.45
N+ 771 770 780 7.80 7.66 M42
S* 642 646 651 656 642
§¥ 671 6100 68 6713 6.69 Esteban et al. (2004)
A+
~ gl =R N — S — > 64 CEL ORL
S 693 690 700 696 6.88

M T.. ionic, and total abundance values are based on the assumption n.=ne([O 1)) as
discussed in Sect.[5.6]



M43: Towards a tailored photoionization
model (on-going work)

Spatial distribution of nebular line ratios will be used to constraint
the nebular n,, T,, ionization structure & abundances
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Quantitative spectroscopic analysis of HD
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Stellar parameters obtained
using FASTWIND

Standard techniques:

e vsinji = 200 km/s

o FASTWIND stellar atmosphere code

e H + He I/II lines

e d=400 £ 50 pc

e mv=6.84, Av=2.09 > Mv=-3.3 £ 0.3

T.x(K) 31000 + 500 R (R,) 57+£08
log g(dex) 421+0.1 logl/L, 442+0.12
e(He) 0.09 (assumed) | M (M,) 19+7
log Q -15 (assumed) | logQ(H®) 472402




Qualitative and Quantitative analysis of
nebular images.
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Work in progress: Photoionization models
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To take away...

v We present a combined and comprehensive study of the nebula and its ionizing
star by using as many observational constraints as possible.

v Even the simple HII regions are not so simple when studied in detail
- scattered light, non constant extinction

v Mind the atomic data and ICFs you use in your nebular analyses
- their effect on the nebular abundances is non negligible

v What are the “real” abundances in the nebula? (here we only have CELs...)
- but this is not the end of the story

Stay tunned!!!
We’re still working on it
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