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CMFGEN & Desmond John Hillier

https://sites.pitt.edu/~hillier/web/CMFGEN.htm



./batch.sh  – calculation of atmosphere 
(structure)
./batobs.sh –  calculation of syntetic 
spectrum (analog of Synspec)
./cpmod.sh – creating new directory  
(./cpmod.sh old_model new_model)
./clean.sh – delete hyperlinks

MAIN COMMAND

batch.sh  – calculation of atmosphere (structure)
Contains paths to atomic data and main command 
for the start of calculation



INPUT PARAMETERS 
VADAT  – file with input parameters (luminosity, temperature, mass loss rate, etc)
MODEL_SPEC – file containing information about super levels and grid
IN_ITS – number of iterations



VADAT



VADAT



VADAT
130.74563885  [RSTAR]        !Rp 125
108.42976734  [RMAX]         !Rmax/Rp
T                  [DO_HYDRO]

7                 [VEL_LAW]      !Velocity Law
RVSIG_COL [VEL_OPT]
1820.0            [VINF]         !Terminal (km\s)
1.5               [BETA]         !Gamma (i.e. Beta=speed of velocity law)
1.00E-6           [MDOT]         !Mass loss rate
2.80D+5           [LSTAR]        !Luminosity (Lo)
2.970D0           [TEFF]
3.20D0            [LOGG]
23.07408119       [MASS]         !Stars Mass (Mo)



T        [DO_CL]    !Allow for clumping in the model?
EXPO     [CL_LAW]    !Law to evaluate clumping factors.
2        [N_CL_PAR]    !Number of clumping parameters
0.23     [CL_PAR_1]    !1st clumping  parameter (X at Vinf)
10.0     [CL_PAR_2]

1.0      [HYD/X]        !H/X abundance (by number)
0.11     [HE/X]        !He/X abundance (by number)
1.500D-4 [CARB/X]       !C/X abundance (by number)
1.500D-4 [NIT/X]        !N/X abundance (by number)
1.000D-4 [OXY/X]        !O/X abundance (by number)
-5.81D-04 [MAG/X]        !Mg/X abundance (by mass)
3.300D-5 [SIL/X]        !SIL/X abundance
2.500D-7 [PHOS/X]       !P/X abundance (by number)  = P_sol
2.000D-5 [SUL/X]        !SUL/X abundance
3.600D-5 [IRON/X]       !IRON/X abundance

VADAT



MODEL_SPEC
70         [ND]            !Number of depth points
15         [NC]            !Number of core rays
85         [NP]            !Number of impact parameters [ND+NC]
3          [NUM_BNDS]      !Use 3 for tridiagonal matrix (should be odd)
250000     [NCF_MAX]       !Total number of frequencies
150        [MAX_SIM]       !Maximum # of lines whose Doppler profile overlpas.
150000     [NLINE_MAX]     !Maximum # of bound-bound transitions
21         [NLF]           !For CMF option only

30,30,30   [HI_ISF]
69,69,69   [HeI_ISF]
30,30,30   [He2_ISF]
49,49,125  [C2_ISF]
68,68,128  [CIII_ISF]
33,33,38   [CIV_ISF]
39,39,85   [N2_ISF]
117,117,177 [NIII_ISF]
69,69,111  [NIV_ISF]
33,33,41   [NV_ISF]
54,54,123  [O2_ISF]



Parallel Process !!!!

IN FILE BATCH.SH: 

source ~/CMFGEN2023/cur_cmf/com/aliases_for_cmfgen.sh   
set local_path = `/usr/bin/lsof +p $$ | \grep -oE /.\*batch.sh  `

setenv OMP_NUM_THREADS 5
setenv CMFGEN_PROG   $cmfdist/exe/cmfgen_dev.exe           

Number parallel processes



OUTPUT PARAMETERS

MOD_SUM – summary of model
CORRECTION_SUM  – summary of changes at each depth
OUTGEN –  summary of changes at each iteration
RVTJ – radius,  Velocity, Electron density, Temperature, Atom Density, etc…
HYDRO – look at the errors when velocity = 10 km/s. The errors should be better than 4%
OBSFLUX –  check the luminosity (should be consistent within a percent). Convergence 
(Normalized luminosity check) should typically be better than 2% 

obs/ obs_fin – main spectrum. The file contains a list of frequencies (in 1015 Hz) and then lists the 
corresponding fluxes in Janskies (assuming d = 1 kpc). It is a raw data file — no smoothing has 
been done and no effect of rotation is taken into account. ASCII file !!!

obs/ obs_cont – continuum spectrum (may contain dielectronic lines if they are treated as part of 
the photoionization cross-sections). ASCII file !!!



Limit number of possible parameters 

Temperature – from spectral classification (for OB-type, WR stars)

Luminosity – based on distance and photometric data

V∞ = 2.65* Vesc

Ṁ ~ L* (Vink et al. 2000, 2001, Krticka & Kubat, 2017)

CNO – from stellar evolution tracks
Other elements ~ Solar abundances



Line Strengths as a Function of Spectral Type



 Estimation of Parameters

Rotational broadening

V sin i
sensitive lines: 
HeI 4713
OIII 5592



My experience 



CMFGEN: Installation
Make the folder where CMFGEN will live:
> mkdir ~/CMFGEN2023
> cd ~/CMFGEN2023/
Download USBstick  /Maryeva/CMFGEN/  !!!
Now, download CMFGEN sources and atomic data from https://sites.pitt.edu/~hillier/web/CMFGEN.htm here.

Unpack it:
> tar xzvf atomic_data_21jun23.tar.gz
> tar xzvf cur_cmf_26jun23.tar.gz
Also, get the patch (.diff file) and place it here.

Now, go to the sources folder and apply the patch:
> cd cur_cmf
> patch -p1 < ../fix_cmfgen.diff

Finally, build it:
> make

It should finish without errors, and create a lot of .exe files in exe/ folder, including cmfgen_dev.exe and 
cmf_flux.exe.

If the code crashes - type ulimit -s unlimited to increase allowed stack size for the process



Model Computation 

The spectrum of an O star primarily depends on log g and Teff, while for a WR star L, R∗ 
and Ṁ can be considered to be fundamental. In CMFGEN models, the parameters that 
define a model are determined by the type of model.

● If the density structure is assumed to be fixed, L and Rcore are used to define the 
model. log g, Teff , and M∗ are not used, and the values in VADAT are ignored, and 
may be totally inconsistent with L and R∗ (case WR stars)

● Hydrostatic models. When the model is initialized L and Rcore are considered to be 
the fundamental parameters, and log g, Teff , and M∗ are ignored. However, before 
running the model, you should make sure L, R∗ and Teff are consistent. When the 
hydrostatic iteration is performed, log g and Teff are regarded as fundamental. L, 
Rcore and M∗ will be updated in VADAT to be consistent the values of log g and Teff 
in VADAT (O star case)



 Select a starting model and set up the directory

- Create a new directory for the star's model

- Determine the ogrid model that most closely matches- Mdot, Teff, log g

> cpmod oldModel newModel
> cd newModel

edit VADAT

> ./batch.sh

Start new model (example)  



Start new model (example)  

> mkdir model_poems1008 
> mkdir model_poems1008/obs
> cp obs2/* model_poems1008/obs
> cp clean.sh model_poems1008/obs
> cp clean.sh model_poems1008/
> ./cpmod.sh model_poems1005 model_poems1008
> cp IN_ITS model_poems1008/
> cd model_poems1008
> chmod 755 *
> chmod 755 */*
> cp RVSIG_COL RVSIG_COL_OLD
> cp ../HYDRO_DEFAULTS HYDRO_DEFAULTS

change some parameters in VADAT
> ./batch.sh



Start new model (example) 
> mkdir model_poems1008
> mkdir model_poems1008/obs
> cp obs2/* model_poems1008/obs
> cp clean.sh model_poems1008/obs
> cp clean.sh model_poems1008/
> cpmod.sh model_poems1005 model_poems1008
> cp IN_ITS model_poems1008/
> cd model_poems1008
> chmod 755 *
> chmod 755 */*
> cp RVSIG_COL RVSIG_COL_OLD
> cp ../HYDRO_DEFAULTS HYDRO_DEFAULTS
> mkdir lte ; cp VADAT ./lte ; cp batch.sh ./lte/ ; cp MODEL_SPEC ./lte ; cp ../ltebat.sh ./lte/ ; cp ../clean.sh ./lte

 From another model / lte
> cp GRID_PARAMS lte
> cp ltebat.sh lte
>cd lte 
 



edit MODEL_SPEC
- ND = 925
- NP = 940 (ND + 15)
> ltebat.sh 
> wind_hyd.exe
edit VADAT
> cp RVSIG_COL_NEW ../RVSIG_COL
> cp ROSSELAND_LTE_TAB ../
> cp VADAT ../
> cd ..
>./batch.sh

Start new model (example) 

Lowell_CMFGENGuide.pdf in Documentation  CMFGEN 



CMFGEN computes the hydrostatic structure using an iterative procedure which is 
undertaken during the general CMFGEN procedure. For O stars, only a few hydrostatic 
iterations are needed to obtain a well converged hydrostatic structure. The initial 
hydrostatic structure is generally taken from an earlier model (but can be generated), 
although in earlier versions of CMFGEN we often utilized the density structure from a 
Tlusty (Lanz & Hubeny 2003) model. 

CMFGEN


