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Transfer Equation

transfer equation in general form
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transfer equation in general form

transfer equation in case of static 
spherically symmetric atmosphere
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Transfer Equation



The Comoving Frame system is more convenient to use for several reasons:

● Absorption and emission coefficients do not depend on angles.

● When solving problems taking into account partial redistribution, you can use the 
standard redistribution functions.

● When calculating the integrals describing scattering, it suffices to consider only 
such a frequency band that would completely cover the absorption profile in the 
line.

● The quadrature formula for the angle can be chosen based only on from what is the 
angular distribution of radiation.

● Gas dynamic calculations for spherically symmetric flows can be performed with 
high accuracy in Lagrangian coordinate system (i.e., in the comoving system).

Comoving Frame



Transfer Equation

Transport equation in comoving 
frame with spherical geometry



Transfer Equation

simplified transport equation in comoving 
frame with spherical geometry



Transfer Equation

Mihalas et al. 1975, 1976



predcessor of CMFGEN

Since middle of 80-s Desmond John Hillier was extensively developing a 
code for solving the radiative transfer equation for objects with spherically 
extended outflows using either the Sobolev approximation or the full 
solution of the comoving-frame radiative transfer equation. 

!!! Till 1999 CMFGEN didn’t have its name 



predcessor of CMFGEN

To facilitate the simultaneous solution of the transfer equations and the 
statistical equilibrium equations, a partial linearization method is used. Iterative 
scheme uses a triagonal (or pentadiagonal) Newton-Raphson operator, and is 
based on complete linearization method of Auer and Michalas (1969). This 
method is closely related to procedures that use approximate lambda operators 
and has similar convergence properties.

Hillier (1987, 1990, 1991)

!!! Till 1999 CMFGEN didn’t have its name 



predcessor of CMFGEN

Predecessor of CMFGEN has become widely used for studying 
Galactic and extragalactic WR stars and even LBVs

!!! Till 1999 CMFGEN didn’t have its name 



from predcessor of CMFGEN to CMFGEN

Comparison of observations with model results  revealed “weak 
points” of theoretical assumptions.   

For the next step in modeling – codes should include:
● Line blanketing effect
● Auger ionisation effect 
● Clumping



Blanketing

Line blanketing is the enhancement of the red or infrared regions of a stellar spectrum 
at the expense of the other regions, with an overall diminishing effect on the whole 
spectrum. The term originates in a 1928 article by astrophysicist Edward Arthur Milne, 
where it was used to describe the effects that the astronomical metals in a star's outer 
regions had on that star's spectrum. The name arose because the absorption lines act 
as a "blanket", causing the continuum temperature of the spectrum to rise over what it 
would have been if these lines were not present.



Blanketing



Blanketing (as of mid 90s) 

● Before 1990-s most codes neglected non-LTE line blanketing.
● All codes in spherical geometry and with radial outflow of material consistently 

treated only the major species (e.g., H, He, and in some cases CNO) and 
neglected line blanketing caused by elements of iron group.

● The impact of extreme UV line blocking on the electron populations and 
ionization structure of the wind quickly became obvious

● In the begining of 1990-s advances in computing power and computational 
techniques have led several groups to invest a large effort into including 
non-LTE line blanketing into plane-parallel static atmospheres.



Blanketing (as of mid 90s) 

● Before 1990-s most codes neglected non-LTE line blanketing.
● All codes in spherical geometry and with radial outflow of material consistently 

treated only the major species (e.g., H, He, and in some cases CNO) and 
neglected line blanketing caused by elements of iron group.

● The impact of extreme UV line blocking on the electron populations and 
ionization structure of the wind quickly became obvious

● In the beginning of 1990-s advances in computing power and computational 
techniques have led several groups to invest a large effort into including 
non-LTE line blanketing into plane-parallel static atmospheres.

● Hillier & Millier (1998) were the first to include NLTE-line blanketing in 
their WR models



Blanketing

The key aspects of implementation line blanketing in CMFGEN*:

1. Radiative transfer in the lines is treated "exactly", meaning that no opacity 
redistribution or sampling techniques are used. We still make the usual assumption of 
complete redistribution in the line.

2. Super levels are used to decrease the number of levels whose atomic populations 
must be explicitly solved.

3. Level dissolution using a technique similar to that of Hubeny, Hummer, & Lanz (1994) 
is utilized.

!!! in 1998 CMFGEN was still a nameless code



Super-levels
The idea of super levels was first pioneered by 
Anderson (1989). In it, levels with similar excitation 
energies are grouped together, and within each 
group, the departure coefficients are assumed to be 
identical. Only the population (or equivalently, the 
departure coefficient) of the super level need be 
solved in order to fully specify the populations of the 
levels within a super level. This approach is a natural 
extension of the single-level LTE assumption, and 
thus LTE is recovered exactly at depth.

● Some ions (e.g., Fe III) have 1000’s of atomic 
levels

● Impracticable to treat all levels in non-LTE. 
Therefore group levels, & treat as single level in 
the rate equations. All lines treated at their 
correct wavelengths. 

● Simplest grouping – group terms belonging to 
same LS state. Reduces # of levels by factor of 
3.

● Optimal grouping unknown



Super-levels



Auger ionization

The Auger effect is a physical phenomenon in which the 
filling of an inner-shell vacancy of an atom is accompanied 
by the emission of an electron from the same atom. When 
a core electron is removed, leaving a vacancy, an electron 
from a higher energy level may fall into the vacancy, 
resulting in a release of energy.

Early UV observations of hot stars often showed spectral 
features (e.g., O VI) that were not expected on the basis 
of the stars effective temperature. It was quickly realized 
that a possible explanation was Auger ionization 
(Cassinelli & Olson 1979).



Auger ionization



Clumping

Theoretically, the intrinsic instability of radiation driven winds 
predicts the formation of shocks and inhomogeneities (clumps)

Owocki et al. (1988), Feldmeier et al. 
(1997), Runacres & Owocki (2002)

Robert (1994), Hillier (1991) 
Eversberg et al. (1998)

Theory Observations



Clumping in CMFGEN 

CMFGEN include simple filling factor approach. Winds are clumped with a volume 
filling factor f and there is no interclump medium. Clumping affect on mass-loss 
rates derived from radio fluxes

To solve the transfer equation we assume that the clumps are small 
compared to the mean free path of the photons



Clumping

In this formulation of clumping, the expressions for the opacities and emissivities are

where η and χ are computed using populations and densities appropriate to the clumps. The solution 
of the radiative transfer equation and the equilibrium equations then proceeds exactly as in the 
unclumped model

Hillier & Miller, 1999



from predcessor of CMFGEN to CMFGEN

Hillier & Miller, 1998, ApJ, 496, 407-427

Hillier & Miller, 1999, ApJ, 519, 354-371

Line Blanketing
Auger Effect

Clumping

!!! in 1999 CMFGEN was still a nameless code



from predcessor of CMFGEN to CMFGEN

Crowther et al. 1999 “Wolf-Rayet nebulae as 
tracers of stellar ionizing fluxes. I. M1-67”



The code assumes spherical symmetry, stationary outflow, and what both photospheric 
and wind lines may be treated in non-LTE. Full line blanketing due to hundreds of 
thousands of spectral lines is included, as well as wind clumping.

CMFGEN comprises not only a single executable, and actually a suite of codes are 
used in the process of analyzing stellar spectra. While the temperature, atmospheric 
and wind structures, and level populations are obtained with CMFGEN itself, the 
observed spectrum is computed with a separate code (CMF_FLUX). Many 
accompanying routines for plotting and analysis (DISPGEN and PLT_SPEC) and 
computation of Rosseland opacities (MAIN_LTE), among others, are provided.

CMFGEN



CMF_FLUX
CMF_FLUX is an one-dimensional code to compute synthetic spectra in the observer’s 
frame, what is used with CMFGEN to compute synthetic spectra

CMF_FLUX calculates synthetic spectra in the observer’s frame simultaneously with 
the solution of the statistical and radiative equilibrium equations using CMFGEN. 
Basically, the outer boundary intensity in the comoving frame is transformed to the 
observer’s frame for each impact parameter



CMF_FLUX: Difficulties 

Three difficulties present themselves with the observer’s-frame calculation:
● effects of electron scattering need

● lot of bookkeeping involved because of overlapping lines and the Doppler shifts. 

● along a ray a single line interacts only over a few Sobolev lengths, a distance 
that can be much smaller than the grid spacing



CMF_FLUX

Several additional options are provided in CMF_FLUX:

1. One can calculate a pure continuum spectrum, although it should be noted that the definition of 
continuum is problematic. Strong resonances in the photoionization cross sections can appear either as 
narrow or broad features in the continuum spectrum.

2. Line spectra for individual species or ions can be computed. 

3. It is possible to output I(ν, p) at the outer boundary. This information, equivalent to the limb-darkening 
law, is useful for interpreting interferometric measurements.

4. The depth variation of the flux, opacities, emissivities, and force multiplier can be output to 
direct-access files. An auxiliary plot program is available to help interpret these files.

5. It is possible to compute the EWs of strong emission lines using the Sobolev approximation (useful 
for Wolf-Rayet stars and luminous blue variables)

6. It is possible to alter the abundance of an impurity species in order to obtain a zeroth-order estimate 
of the effects of abundance changes.



CMF_FLUX
Several additional options are provided in CMF_FLUX:

1. One can calculate a pure continuum spectrum, although it should be noted that the definition of 
continuum is problematic. Strong resonances in the photoionization cross sections can appear either as 
narrow or broad features in the continuum spectrum.

2. Line spectra for individual species or ions can be computed. 

3. It is possible to output I(ν, p) at the outer boundary. This information, equivalent to the limb-darkening 
law, is useful for interpreting interferometric measurements.

4. The depth variation of the flux, opacities, emissivities, and force multiplier can be output to 
direct-access files. An auxiliary plot program is available to help interpret these files.

5. It is possible to compute the EWs of strong emission lines using the Sobolev approximation (useful 
for Wolf-Rayet stars and luminous blue variables)

6. It is possible to alter the abundance of an impurity species in order to obtain a zeroth-order estimate 
of the effects of abundance changes.

Busche & Hillier, 2005



Velocity Law 

CMFGEN does not solve the hydrodynamic equations of the wind → a velocity law 
has to be assumed a priori. Simple parametric beta law approximation is used



Atomic Data

Atomic data

quality and self-consistency of atomic data plays a key role in the spectroscopic analysis and 
determination of stellar parameters. 

The atomic data contained in CMFGEN comes from a variety of sources, which are mainly the 
Opacity Project, the NIST database, and from several individuals such as Robert Kurucz, Keith 
Butler, Sultana Nahar & Anil Prandham, and Gary Ferland. 

CMFGEN stores atomic data in ASCII files in unique directory structures, with separate files 
containing collisional cross sections, oscillator strengths and energy levels, auto ionization rates, 
superlevels designation, and photoionization cross sections from the ground and excited states. 
The atomic data format is unique to CMFGEN, and conversion from published data into 
CMFGEN is time consuming. Unfortunately, this hampers the portability of atomic data and test 
models using atomic datasets from different groups has been done on a very limited basis



CMFGEN application: Wolf–Rayet Stars 

● 1995 "Fundamental parameters of Wolf–Rayet stars. I Ofpe/WN9 stars"
● 1994 "Fundamental parameters of Wolf–Rayet stars. II Tailored analyses of 

Galactic WNL stars"
● 1995 "Fundamental parameters of Wolf–Rayet stars. III Evolution status of WNL 

stars"
● Crowther et al. 1995 "Fundamental parameters of Wolf–Rayet stars. IV. 

Weak-lined WNE stars"
● 1995 "Fundamental parameters of Wolf–Rayet stars. V. The nature of the WN/C 

star WR 8"
● 1997 Fundamental parameters of Wolf–Rayet stars. VI. Large Magellanic Cloud 

WNL stars

Crowther et al. +
Paul Crowther



CMFGEN application: Wolf–Rayet Stars 

Crowther et al.1995 "Fundamental parameters of Wolf–Rayet stars. I Ofpe/WN9 stars"

Fit for Sk66°-40 (WN10)



CMFGEN application: Wolf–Rayet Stars 

Crowther et al. 1994 "Fundamental parameters of Wolf–Rayet stars. II Tailored 
analyses of Galactic WNL stars"

Fit for WR22 (WN7+abs)



CMFGEN application: Wolf–Rayet Stars 
Crowther et al. 1995 "Fundamental parameters of Wolf–Rayet 
stars. III Evolution status of WNL stars"

T*, Teff, L*, Ṁ,  V∞, 
XH, XHe, XC, XN



CMFGEN application: Wolf–Rayet Stars 

Evolutionary tracks from 
Schaller et al. (1992)

Crowther et al. 1995 
“Fundamental parameters 
of Wolf–Rayet stars. III 
Evolution status of WNL 
stars”



CMFGEN application: O-type stars
Since beginning of 2000-s CMFGEN is actively used for modeling O-type stars

Fabrice Martins, Jean-Claude Bouret, Wagner Marcolino 



CMFGEN application: O-type stars
Martins, Schaerer, Hillier, 2005, “A new calibration of stellar parameters of 

Galactic O stars”
Supergiants, luminosity class I stars Dwarfs, luminosity class V stars
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CMFGEN application: O-type stars

Martins, Schaerer, Hillier, 2005, “A new calibration of stellar parameters of 
Galactic O stars”

Supergiants, luminosity class I stars Dwarfs, luminosity class V stars
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CMFGEN application: O-type stars
Martins, Plez, 2006, “UBVJHK synthetic photometry of 

Galactic O stars”
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CMFGEN application: O-type stars
Martins, Plez, 2006, “UBVJHK synthetic photometry of 

Galactic O stars”
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CMFGEN is widely used for estimation of CNO abundances, for example 

 Martins et al., 2015 “The MiMeS Survey of Magnetism in Massive Stars: CNO surface 
abundances of Galactic O stars”  →74 stars from O4 to O9.7

CMFGEN application: O-type stars: CNO abundances



CMFGEN application: O-type stars: CNO abundances
Martins et al., 2015 “The MiMeS Survey of Magnetism in Massive Stars: CNO surface 
abundances of Galactic O stars”

CNO abundances are observed in the range of 
values predicted by nucleosynthesis through the 
CNO cycle. More massive stars, within a given 
luminosity class, appear to be more chemically 
enriched than lower mass stars. 80% of the 
sample can be explained by stellar evolution 
including rotation. 



CMFGEN application: O-type stars: Weak wind problem
O dwarfs have found to have very low mass-loss rates; rates 
much lower than predicted by theory (the weak wind problem)

Marcolino et al. 2009



CMFGEN application: O-type stars: Weak wind problem

    ⃝ – superginats
🛆 – dwarfs
◻ – giants  

Myr old. Mass loss rates of all stars are found to be 
lower than expected from the hydrodynamical 
predictions of Vink et al. (2001). 
For stars with logL/L☉ ≳ 5.2, the reduction is by less 
than a factor 5 and is mainly due to the inclusion of 
clumping in the models. 
For stars with logL/L☉ ≲ 5.2 the reduction can be 
as high as a factor 100

Vink et al. (2001)



CMFGEN application: O-type stars: Weak wind problem

Najarro, Hanson, Puls, 2011



CMFGEN application: O-type stars: X-ray
The inclusion of X-ray emission (possibly due to magnetic mechanisms) in models 
with low density is crucial to derive accurate mass loss rates from UV lines, while it 
is found to be unimportant for high density winds.

CMFGEN allows the possibility to include X-ray 
emission in the models. Practically, as X-rays are 
thought to be emitted by shocks distributed in the 
wind, two parameters are adopted to take them into 
account: one is a shock temperature (chosen to be 
3 × 106 K since it is typical of high energy photons 
in O type stars) to set the wavelength of maximum 
emission, and the other is a volume filling factor 
which is used to set the level of emission.

Martins et al. 2005 “O stars with weak winds: the 
Galactic case”



CMFGEN application: B-type stars: X-ray

Bernini-Peron et al. 2023, “Clumping and X-Rays in cooler B supergiant stars”

When including both clumping and X-rays, we obtained a 
good agreement between synthetic and observed spectra 
for our sample stars. For the first time, we reproduced 
key wind lines in the UV, where previous studies were 
unsuccessful. To model the UV spectra, we require a 
moderately clumped wind ( fV∞ ≳ 0.5). We also infer a 
relative X-ray luminosity of about 10−7.5 to 10−8 , which   is 
lower than the typical ratio of 10−7 . Moreover, we find a 
possible mismatch between evolutionary mass predictions 
and the derived spectroscopic masses, which deserves 
deeper investigation as this might relate to the 
mass-discrepancy problem present in other types of OB 
stars.



Clumping
For objects with dense winds, Brα samples the 
intermediate wind while Pfγ maps the inner one. In 
combination with other indicators (UV, Hα, Brγ) these 
lines enable us to constrain the wind clumping structure 
and to obtain "true" mass-loss rates. For objects with 
weak winds, Brα emerges as a reliable diagnostic tool to 
constrain Ṁ. The emission component at the line 
Doppler-core superimposed on the rather shallow Stark 
absorption wings reacts very sensitively to mass loss 
already at very low Ṁ values. On the other hand, the line 
wings display similar sensitivity to mass loss as Hα, the 
classical optical mass loss diagnostics.
L-band might be used for estimations clumping 
properties and mass-loss rates of hot star winds. Brα will 
become the primary diagnostic tool to measure very low 
mass-loss rates with unprecedented accuracy.

Najarro et al. 2011



Clumping



CMFGEN application: Luminous Blue Variables

CMFGEN was used for modeling all famous LBVs

AG Car η Car P Cyg
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CMFGEN was used for modeling all famous LBVs

AG Car η Car P Cyg



Luminous Blue Variables

● Photometric variability

● Spectral variability

● Bolometric magnitude -9.7 > Mbol > -11.5

from B supergiants or late 
Of/WN stars to A-supergiants

Short (0.1-0.5 mag)
S Dor cycles (1-2 mag)
Giant eruption



CMFGEN application: LBV – P Cygni

Najarro, 2000 “Spectroscopy of P Cygni” → UV, optical, IR



CMFGEN application: LBV – P Cygni

Najarro, 2000 “Spectroscopy of P Cygni” → UV, optical, IR



CMFGEN application: Luminous Blue Variables
CMFGEN allows to estimate luminosity of star, 
that makes CMFGEN important tool for studies 
of luminous blues variables (LBV)

LBV star AG Carinae (AG Car) is one of the 
most luminous stars in the Milky Way

Groh et al., 2009 “On the Nature of the Prototype 
Luminous Blue Variable Ag Carinae. I. Fundamental 
Parameters During Visual Minimum Phases and 
Changes in the Bolometric Luminosity During the S-Dor 
Cycle”

Groh, Hillier, Damineli, 2011 “On the Nature of the 
Prototype Luminous Blue Variable AG Carinae. II. 
Witnessing a Massive Star Evolving Close to the 
Eddington and Bistability Limits”



CMFGEN application: Luminous Blue Variables

Groh et al., 2009, 2011



CMFGEN application: Luminous Blue Variables

Minimum phases of AG Car are not equal to each other
maximum effective temperature

1985–1990 → 22, 800 K;   2000–2001 → 17, 000 K

Significantly different effective temperatures achieved by AG Car during the 
consecutive visual minima of 1985–1990 (Teff  22,800 K) and 2000–2001 (Teff  17,000 
K) place the star on different sides of the bistability limit, which occurs in line-driven 
stellar winds around Teff ∼21,000 K.



CMFGEN application: [WR] stars



CMFGEN application: pre-Supernova

Flux-calibrated spectrum of SN2015bh observed on 12 November 2013. The model has been 
scaled to a distance of d = 27 Mpc and reddened using E(B-V)= 0.25 and RV = 3.1

SN2015bh 

Boian & Groh, 2017, “Catching a star before explosion: the luminous blue variable progenitor of SN2015bh” 

CMFGEN modeling show that  progenitor of SN2015bh had an Teff between 8700 and 10000 K, 
luminosity ≈ 2.7 ×106 L☉ , contained at least 25% H in mass at the surface, and half-solar Fe 
abundances. The results



CMFGEN application: [WR] stars
A significant number of the central stars of planetary 
nebulae (CSPNe) are hydrogen-deficient, showing a 
chemical composition of helium, carbon, and 
oxygen. Most of them exhibit Wolf–Rayet-like 
emission line spectra, similar to those of the 
massive WC Pop I stars, and are therefore 
classified as of spectral type [WC] or [WO].



CMFGEN application: [WR] stars
Marcolino et al. 2007, “Detailed far-ultraviolet to optical analysis 
of four [WR] stars”

BD +30 3639 [WC9]
log Ṁ=-6.30; V∞=700 km/s; Teff=46720 K



CMFGEN application: [WR] stars
Marcolino et al. 2007, “Detailed far-ultraviolet to optical analysis of four [WR] stars”

NGC 6905 [WO2]
log Ṁ=-6.65; V∞=1890 km/s; Teff=146200 K



CMFGEN application: [WR] stars



CMFGEN application: Supernova

Luc Dessart



CMFGEN application: Supernova



CMFGEN application: Supernova

Spectrum SN1999em taken on 
the 14th of November 1999

The model parameters are: 
L
∗
 = 1.5 × 108 L

☉
;

Rphot = 6.15 × 1014 cm (or 8840 R), 
vphot = 6350 km s−1 ;
Teff =6800 K; 
n = 10; 
ρphot = 8.7 × 10−14 g cm−3 

Dessart & Hillier (2005) 
presented first results on the 
quantitative spectroscopic 
analysis of photospheric-phase of 
type II supernovae (SN).



CMFGEN application: Supernova

The model parameters are: 
L
∗
 = 3 × 108 L

☉
; 

Rphot = 2.74 × 1014 cm 
(or 3940 R);
 vphot = 17700 km s−1 ;
 Teff =11200 K; 
n = 12;
 ρphot = 1.1 × 10−13 g cm−3 

Spectrum SN1987A taken 
on the February 24 1987



Dessart et al., 2023 “Modeling of the nebular-phase spectral evolution of stripped-envelope 
supernovae. New grids from 100 to 450 days”

CMFGEN application: Supernova

Dessart et al. 2023 presented 
extended grid of multi-epoch 
1D nonlocal thermodynamic 
equilibrium radiative transfer 
calculations for nebular-phase 
Type Ibc SNe from He-star 
explosions. Spectral evolution 
from 100 to about 450 days 
was studied.



CMFGEN application: Ultraluminous X-Ray Sources

Simulations of quasi-spherical outflow from 
supercritical accretion disk in NGC 7793 P13 
ULX (Kostenkov et al. 2023)

Supercritical disk

Donor star



CMFGEN and Evolutionary Codes 

Groh et al. (2013)



CMFGEN and Evolutionary Codes 

Groh et al. (2013)



CMFGEN and Evolutionary Codes 

Groh et al. (2013)



CMFGEN and Evolutionary Codes 

Groh et al. (2013)



CMFGEN and Evolutionary Codes 

Maryeva et al. (2020)

Wray15-906



CMFGEN and Evolutionary Codes 
Groh et al. (2014)



CMFGEN and Evolutionary Codes 
Groh et al. (2014)



CMFGEN: Grids of Models

http://www.sao.ru/webmodels/models



CMFGEN: Grids of Models

Mega grid of ~80 000 stellar atmospheric models is calculated. These models cover 
the region of the H-R diagram that is populated by OB main-sequence and WR stars 
with masses of 9-120 Msun. The grid provides UV, visual, and IR spectra for each 
model. Zsargo et al. 2020 used the surface temperature (Teff) and luminosity (L*) 
values that correspond to the evolutionary traces and isochrones of Ekström et al. 
(2012). Furthermore, they used seven values of β, four values of the clumping factor, 
and two different metallicities and terminal velocities.

Zsargo et al. 2020 “Creating and using large grids of precalculated model 
atmospheres for a rapid analysis of stellar spectra”



CMFGEN: Grids of Models



CMFGEN: From Macrocosm to Microcosm

Processes
1) Bound-bound processes (line transitions)
2) Bound-free (photoionization/recombination
3) Free-fee (bremsstrahlung)
4) Low-temperature dielectronic recombination (LTDR)
5) Gamma ray transport/degradation
6) Auger ionization
7) Two photon emission
8)  Electron scattering
9)  Rayleigh scattering

10) Charge exchange
11) Collisional process

          l changing collisions, excitation/deexcitation
          Ionization/recombination



CMFGEN: From Macrocosm to Microcosm

12) Line broadening
      Stark (liner, quadratic, van-der Waals) -- Electrons, protons, H, H−, He
      Hyperfine structure, isotopic effects
13) Penning ionization
      He I(1s 2s 3S) + H(1s) ---> HeI(1s2 1S) + H+ + e−
      H(2s) + H(2s) → H(1s) + H+ + e−
14) Plasma effects (level dissolution)
15) Non-thermal ionization/excitation
16) High-temperature dielectronic recombination (HTDR)
17) Thermalization of electrons
18) Zeeman splitting
19) Raman scattering (symbiotic stars)
20) Molecules ( B[e] stars, SNe, WC stars)
      Above + chemical reactions

Processes



CMFGEN: Comparison with other codes

Puls, 2008



CMFGEN: Comparison with other codes

Massey et al. 2013



CMFGEN: Comparison with other codes

There is, in general, very good agreement between the physical properties of massive 
O stars derived by modeling the same data both by FASTWIND and CMFGEN. There 
is no significant difference in the mean or median effective temperature found, although 
there is quite a bit of scatter. More interesting, perhaps, is the systematic 0.1 dex 
difference in the log g’s obtained by our fits using the two programs, with fastwind 
producing a lower surface gravity. We demonstrate that this 0.1 dex differ ence is quite 
significant to the mass discrepancy problem. The CMFGEN spectroscopic masses are 
in better agreement with the evolutionary masses, while fastwind’s spectroscopic 
masses tend to be too low, consistent with the long-standing mass discrepancy.

Massey et al. 2013



CMFGEN: Comparison with other codes



Useful References

''The Treatment of Non-LTE Line Blanketing in Spherically Expanding Outflows'', Hillier & Miller, 1998
The Treatment of Non-LTE Line Blanketing in Spherically Expanding Outflows - NASA/ADS
''Constraints on the Evolution of Massive Stars through Spectral Analysis. I. The WC5 Star HD 165763'', 
Hillier & Miller, 1998
Constraints on the Evolution of Massive Stars through Spectral Analysis. I. The WC5 Star HD 165763 - 
NASA/ADS
''Modeling the wind and photosphere of massive stars with the radiative transfer code CMFGEN'', Groh, 2011
Modeling the wind and photosphere of massive stars with the radiative transfer code CMFGEN - NASA/ADS

WR (works by Crowther); OB stars (works by Martins; Bouret, Marcolino); LBVs (works by Groh; Najarro); SN 
(works by Dessart); IR range (works by Najarro)

https://ui.adsabs.harvard.edu/abs/1998ApJ...496..407H/abstract
https://ui.adsabs.harvard.edu/abs/1999ApJ...519..354H/abstract
https://ui.adsabs.harvard.edu/abs/1999ApJ...519..354H/abstract
https://ui.adsabs.harvard.edu/abs/2011JPhCS.328a2020G/abstract


Thank you for your attention!


