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

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

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

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

M43 is the first one but there are others… 
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•  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. Simón-Díaz)  

A simple case? 



Narrow band images 
H!, H!c, H"c, H"  
(+[OIII], [SII]) 

Long-slit optical 
spectroscopy 

Optical spectroscopy 

Nebular geometry 
L(H!), S(H!) 

Extinction maps 

Nebular physical properties 
Nebular abundances 
Ionization structure 

Stellar and wind parameters 
Ionizing SEDs, Q(H0) 
Stellar abundances 

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



M43 appears as a roundish H II 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 

 M42 

M43 

WFC@INT: H!, [OIII], [SII] 





Simple spherical photoionization model 
with ne=500 cm-3 and the SED from the 
FASTWIND model of the ionizing star. 

O++ region would be ~25 % of the total 
size of the nebula. 

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

Extended emission 



O’Dell & Goss (2009) 
O’Dell & Harris (2010) 

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 !1Ori C by NE 
dark lane.  

At large distances scattered light becomes 
dominant. 

TALK BY BOB O’DELL YESTERDAY 



WFC@INT: H! (+ H!c, H", H"c) 

The observed behavior correlates perfectly with 
the study of dust re-radiation (at 60 μm) by 
Smith et al (1987) 

Low extinction due to observed 
light is in front of dust lane.  

Extinction map  

Non constant distribution within the nebula 



9 apertures within the limits of the 
nebula (! < 150’’) 

4 extra apertures at different locations 
to correct for the extended emission.  

ISIS@WHT 

R600B: R=7500, 3386-5102 A 
R600R: R=8000, 6064-7585 A 



Classical approach 

ne([S II]), ne([O II]) 
Te([O II])  
Te([O II]) ! Te([O III]) 

Ionic abundances 
He+, O+, O++, S+, S++,  
N+ and Ar++ 

Total abudances 
O, N and S (no ICFs) 

Ap #4-7 selected as 
representative 



M43: No ICF correction needed 

M42: GRE07 (García-Rojas & Esteban 2007) Use empirical ICFs for N 
and S. Same atomic data set than in M43 

M42: SDS10 (Simón-Díaz & Stasi"ska 2010) Use photoionization model 
ICFs for N and S. Atomic data in S are different. 



M42 
Esteban et al. (2004)  

CEL    ORL 
8.54   8.65 (±0.03) 



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

Spatial distribution of nebular line ratios will be used to constraint 
the nebular ne , Te , ionization structure & abundances 



Stellar parameters obtained 
using FASTWIND 

Standard techniques: 

•  v sini = 200 km/s 
•  FASTWIND stellar atmosphere code 
•  H + He I/II lines 
•  d=400 ± 50 pc 
•  mv=6.84, Av=2.09 ! Mv=-3.3 ± 0.3 

IDS@INT 

H2400B: R=8000, 4060-4590 A 
H2400B: R=8000, 4550-5070 A 
H1800V: R=10000, 6090-6760 A 



(LH!)corr =(3.0±1.1)!1035 erg s-1 

Q(H0) ! LH! =(2.5±1.0)!1035 erg s-1 

L(H!) = 4 x L(H!) MW-SW quadrant 

Corrected for [NII] contribution 

Non constant c (H")  

d= 400 ± 50 pc 

A (mostly) ionized bounded nebula 



Blue: O, N, S 
abundances from M43. 
Other elements from 
Esteban et al. (2004) 

Green: S/H increased 

Red: S/H and Cl/H 
increased.  
Density increased. 
Filling factor=0.5 



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

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

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

"  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 



Canary Islands 

La Palma 
(the beautiful island) 

Roque de los 
Muchachos  
observatory 
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