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On the hardening of ionising photons 

in HII regions across 

spiral disks



Star formation in HII regions: e.g. M33 

NGC 604M33

M33 in the Local Group : triangulum galaxy



Aller 1942 spectra of M33 HII regions 

e.g. Smith 1975: HII Reg 

emission-line gradients

Pioneering spectroscopic observations of  *Extragalactic*  HII Regions

Astrophysical Journal, vol. 95, p.52



HII regions methodology:  state of the art

*  Standard (direct) abundance derivation in HII regions:

Study of chem.  parameters & massive stars (in 3D/2D)

Te fluctuations - Chemical (in)homogeneity

*   Chemo-Dynamical-Evolutionary effects on gal. abundance    

gradients ...  Tests: 2D chemical galaxy maps.    

(e.g. Fabian Rosales’ Thesis)

*   Geometry: 3D HII regions (Ercolano, B. et al 07 )              

Test: 2D ionisation structure constrains 3D photo-ion models

(e.g. NGC 595,  Monica Relaño et al 2009)

•>>> Ionising star/clusters SEDs. 

• Dependence on: metallicity, masses, evolutionary stage, … ?

Tests:  Gradients of radiation hardening in galaxies ?

selected sample of galaxies (optical & MIR)



Rewriting the ionisation equation:

A radiation softness parameter η can be defined:

This can be expressed as a function of the stellar Teff or of the 
equivalent quantity corresponding to the SED of a given cluster, 
provided a family of model atmospheres is assumed

(after Vilchez & Pagel 1988)



U-independent to 1st order; neglecting charge exchange 
reactions & assuming  ionization bounded nebulae. Very low 
sensitivity to Te and Ne & reddening independent.
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Hardening of the ionising photons in HII Regions 
across spiral disks: 

the slope of the gradient as a new galaxy parameter
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The radiation softness parameter η methodology

has been extended to the MidIR domain (ISO; Spitzer)  

Among others: N. L. Martin-Hernandez (PhD 2002; 

and latter work with cols.); also K. Morisset (2004a,b). 

Convenient ionic ratios used to define ηMIR are e.g. : 

[NeIII/II]15.5/12.8µm

[SIV/III] 10.5/18.7µm,

[ArIII/II]8.98/6.98µm

[NIII/II]57.3/121.8µm

Using most recent Spitzer data, have a look to recent work by: 

Lei et al (2009) for BCDs;  Le Bouteiller et al (2008) for 30Dor, N66 and NGC3603; 

Rubin et al (2008) for M33, among others.

At present, direct derivation of absolute values of Teff is a function of the model 

atmospheres used, so therefore η will give a model dependent  --e.g. WMBasic, 

CMFGEN, TLUSTY, FASTWIND, CoStar–- output for present state of the art. 

However, a relative scale of Teff/SED’s could be produced so ranking the ionising 

star  clusters  e.g. in HII regions across spiral disks  
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Gradients of ionising photons hardening in massive 
star clusters vs. galaxy properties: interpretations

Metallicity is not the main driver of the 
observed change in the star clusters
equivalent effective temperature T* :
O Stars Teff changes by ~ 4000 K 
from the metallicity of the Magellanic 
Clouds to typical values for the Milky 
Way (Massey et al 2009).

It is suggested that star formation is 
modulated across the spirals disks 
Observed, so leading to correlations of 
the gradient of  T* with:

Morphological Type 
Galaxy Mass
Mass(H2) /LB

An interpretation somewhat 
speculative could be e.g. linked 
to recent claims for the max. 
stellar mass in a cluster being a 
function of total cluster mass   
(Weidner, Kroupa & Bonnell 2009)
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HII regions Geometry & Ionisation structure 
tests to 3D photo-i models

Э internal Te gradients;  extinction  &  dust distribution; 

geometrical distribution of massive ionising clusters …

= >  DETAILED IFU STUDY OF  NGC 595  IN  M 33

3D montecarlo photo-

ionization models:

ionising stars distribution 

(Ercolano, B. et al. 2007)


