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A quick introduction

Michel Curé’s talk…



Momentum Equation
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Radial Coordinate: r     Time: t     Density: 𝜌     Velocity: v    
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Line-Force Parameters

𝛼 : ratio between the line-force from optically thick lines and the 
total line force

k : related to the number of lines effectively contributing to the 
driving of the wind

𝛿 : changes in the ionization throughout the wind

glinerad =
�E GM k

r2

✓
1

�E vth

◆↵ ✓
1

⇢

@v

@r

◆↵ ✓
nE11

W (r)

◆�

fCF

✓
r, v,

@v

@r

◆

M-CAK 



β=0.7
β=0.9
β=1.5
Hydwind

-1.0 -0.8 -0.6 -0.4 -0.2 0.0

0

500

1000

1500

2000

2500

u = -R*/r

v
[k
m
s-
1
]

β-law 
v(r) = v1(1�R⇤/r)�

Fast Solution (Standard m-CAK)



δ-Slow Solutions (Curé et al. 2011) δ≳0.3

δ=0.00
δ=0.10
δ=0.20
δ=0.33
δ=0.35

-1.0 -0.8 -0.6 -0.4 -0.2 0.0
0

500

1000

1500

2000

u = -R*/r

v
[k
m
s-
1
]

Fast Solutions

δ-Slow Solutions

glinerad =
�E GM k

r2

✓
1

�E vth

◆↵ ✓
1

⇢

@v

@r

◆↵ ✓
nE11

W (r)

◆�

fCF

✓
r, v,

@v

@r

◆



β-law 

Hydwind
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O and B stars  ➜ β=0.7 
to 1.5 

Puls et al. 1996, Kudritzki & Puls 
2000

Late B and A supergiants  
➜ β> 1.5 

(Stahl et al. 1991, Lefever et al. 2007, 
Markova & Puls 2008)

Typical Values:
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See also Venero et al. 2024



GrId of Stellar atmOSphere and  
hydrodynamiC modELs of massivE Stars 

ISOSCELES

See proceeding Araya et al. 2023

Synthetic data grid for massive stars, integrating m -CAK 
hydrodynamics and NLTE radiative transport.
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Models

Hydwind grid - without rotation 
Hydwind (stationary hydrodynamic code, Curé 2004)

Step 1 

These models consider the fast and δ-slow solutions.



Step 2  

FASTWIND (Fast Analysis of STellar Atmospheres with WINDs, Puls et al. 2005)

Fastwind grid (without rotation)
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Line force parameters

ISOSCELES Grid v1.0

Temperature:  
9 kK - 30 kK (steps of 500 k)     
31 kK - 45 kK (steps of 1000 k)
log g:  
4.2 - 0.75 (steps of 0.15)

Si abundance log :  
7.21, 7.36, 7.51 (solar), 7.66, and 7.81 dex.

ϵSi

Micro-turbulent velocity 
1 ,5 , 10, 15, 20, 25 km/s 

Lines H He Si:  
IR - Optical Total = 573 423 converged models



ISOSCELES Explorer
https://ifa.uv.cl/grid



ISOSCELES Explorer https://ifa.uv.cl/grid



ISOSCELES Explorer https://ifa.uv.cl/grid



Optimization problem of spectral line fitting

Natalia Machuca’s work



Some Results
HD 99953

Haucke 
et al. 
2018

This 
work

Teff [K] 19000 18500

log g 2.30 2.40

𝛼 — 0.53

k — 0.15

𝛿 — 0.34

𝛽 2.0 —

Ṁ  

[10-6 M☉ /yr]
0.13 0.24

v∞ [km/s] 500 254
Observations from Haucke et al. 2018



HD 41117
Haucke 

et al. 
2018

This 
work

Teff [K] 19000 19000

log g 2.30 2.25

𝛼 — 0.53

k — 0.1

𝛿 — 0.33

𝛽 2.0 —

Ṁ  

[10-6 M☉ /yr]
0.17 0.55

v∞ [km/s] 510 223
Observations from Haucke et al. 2018

Some Results



HD 75149 Haucke 
et al. 
2018

This 
work

Teff [K] 16000 16500

log g 2.10 2.25

𝛼 — 0.51

k — 0.2

𝛿 — 0.33

𝛽 2.5 —

Ṁ  

[10-6 M☉ /yr]
0.16 0.19

v∞ [km/s] 400 228

Observations from Haucke et al. 2018

Some Results



Natalia Machuca’s Poster
Spectral modelling of OB-type stars and the

Wind momentum Luminosity Relationship

Natalia Machuca1, Michel Curé1 and Ignacio Araya2
1Universidad de Valparaíso, 2Universidad Mayor

Abstract
Our study investigates the Wind Momentum Luminosity Relationship (WLR) which links wind momentum (Dmom © ṀvŒ

Ô
R) to stellar luminosity

(L). We integrate hydrodynamics and NLTE radiative transport calculations to explore this relationship. Using a multiprocessing code, we analyze
spectral lines from 100 OB-type stars, employing the ISOSCELES grid constructed with HYDWIND and FASTWIND codes. Our findings reveal a correlation
between the solution type and luminosity class of stars, and it propose a method to calibrate distance measurements.

Grid of synthetic spectra: ISOSCELES
ISOSCELES, grId of Stellar atmOSphere and hydrodynamiC modELs for
massivE Stars, is the first grid of synthetic data for massive stars that
involve both, the m-CAK hydrodynamics (instead of the generally used
—-law) and the NLTE radiative transport. ISOSCELES has been set up
to cover the complete parameter space of O-, B- and A-type stars.

Free access to models in
this QR code.

Figure 1. Coverage of the grid in the Teff ≠ log(g) plane. Red lines are the evolutionary
tracks of massive stars above 7 M§. Blue dots are models discarded due to a lack
of convergence to a solution. Green dots correspond to converged models in
FASTWIND and HYDWIND.

Observations
Spectra of 100 stars were used for the first estimation of the WLR. IACOB
and ESO-UVES are open databases. CASLEO data was obtained in col-
laboration with the group of Haucke et al. 2018.

IACOB MS Giants Supergiants

B-type 18 17 10
O-type 11 7 10

ESO-UVES MS Giants Supergiants

B-type 0 0 15
CASLEO MS Giants Supergiants

B-type 0 4 8

Methodology

1. Determine the rotational parameters vsini and vmacro with the
iacob_broad tool (Simón-Díaz & Herrero, 2014).

2. Perform rotational and instrumental convolution. Then interpolation.
3. Employ multiprocessing to conduct a ‰2 test to compare observed
and synthetic spectra following the equation:

‰2 =
1

nlines

nlinesX

j
SNRj

n‹X

i

(yobs ≠ yij)2
yij

,

4. Export stellar and wind parameters including Dmom and Luminosity.

Results
Wind momentum depends on the mass-loss rates, terminal velocity
and radius of the star as shown in the y-axis. With this, we defined the
WLR as log(Dmom) = x log(L/L§) +D0.

Figure 2. WLR for O and B-type stars. Dashed lines are linear fits for both hydrody-
namical solutions. Filling styles represent different luminosity classes. Values of the
WLR found for B-type stars are x = 1.92±0.14 and D0 = 17.37±0.65 for ”-slow solutions
and x = 1.22±0.17 and D0 = 22.23±0.58 for fast solutions. For O-type stars, these val-
ues are x = 6.27±1.85 and D0 = ≠4.31±8.57 for ”-slow solutions and x = 2.07±0.20 and
D0 = 17.23±1.07 for fast solutions.

Conclusions and Future work

For the WLR we found a strong dependency on the type of solution
and luminosity class which could lead to a potential estimation of

distance with purely spectroscopic analysis.
For B-supergiants we found that 94% of these stars present a

”-slow solution.
O-type stars exhibit a complex relation to the luminosity class, sug-
gesting a new theoretical model of their wind such as the weak wind
phenomena.
Future work will include modelling UV lines and LMC data to study the
dependence of the WLR on metallicity.

Modelling Examples
Figure 3 (Top) Modelling of Blue
Supergiant star HD79186 (B5
Ia). Photospheric lines (Si-
III 4552, SiIV 4089 and HeI
4771) show a good agree-
ment with the model and with
the expected stellar parame-
ters (Teff = 18000 K, log(g) =

2.4), while wind parameters
(– = 0.53, k = 0.15, ” = 0.34)
properly model the hydrogen
lines H–, H—, H“.

Figure 3 (Bottom) Modelling of
MS star HD36512 (O9.7 V).
Photospheric lines (SiIII 4552,
HeI 4771 and HeI 6678) show
a good agreement with the
model and with the expected
stellar parameters (Teff =

31000 K, log(g) = 4.2), while
wind parameters (– = 0.55, k =

0.2, ” = 0.2) properly model the
hydrogen lines H–, H—, H“.

Acknowledgement
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under the Marie Skłodowska-Curie Grant Agreement No. 823734. Special thanks to L. Cidale and A. Lobel for sharing their expertise in observational modelling and the
reduced spectroscopic data.
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Photospheric lines (SiIII 4552,
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Classification of spectral H𝜶 lines from massive stars using machine learning 
methods
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Abstract
Massive stars, characterized by strong winds, are typically modeled with the approximated 𝛽-law, instead of using a complete hydrodynamic treatment. 
This works aims to apply a huge synthetic line database, constructed using hydrodynamic modeling, together with different machine learning methods, to 
yield predictions of different parameters of B-supergiants and other massive stars.

2. Data set
We used the H𝛼 lines from 𝛿-slow models from 
ISOSCELES (GrId of Stellar AtmOSphere and 
HydrodynamiC ModELs for MassivE Stars, see 
Fig. 1) [1] as our main data set.

3. Methodology
To fit an observation, we:
• Separated our data in classes with Gaussian 

Mixture Models (GMM, see Fig. 2). 
• Trained a Deep Neural Network (DNN) to 

label the lines with a class.
• Computed the 𝜒2 -test between an 

observation and the lines in the predicted 
class.

1. Hydrodynamic regimes
The mechanism driving the winds of massive 
stars is explained by the m-CAK theory [2, 4, 5], 
parametrized by the force multiplier parameters: 
𝛼, 𝑘 and 𝛿. The latter produces the fast (𝛿 ≲
0.24 ) and the 𝛿 -slow ( 𝛿 ≳ 0.28 ) [3] 
hydrodynamic regimes. 

4. Results
Applying this procedure to 12 B-supergiant 
stars studied previously in [6], better fits were 
obtained for 9 of these stars (see Fig. 3).

6. Error estimation
To estimate the error in the predictions, we plan 
to implement a Bayesian Neural Network 
(BNN), which yields distributions as results, 
from which a dispersion metric can be 
computed. An example can be seen in Fig. 5.

Acknowledgments
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7. Discussion
• The ISOSCELES database and machine 

learning methods were used to make 
prediction to B-supergiant stars.

• Similar results to the literature were obtained, 
taking just a few minutes for the predictions.

• It is planned to implement a BNN with 
multiple lines and include fast solutions in 
the future.

5. More spectral lines
H𝛼 lines are sensible to the mass-loss ratio, but 
we should be using different lines to better 
determine other parameters. An initial test to 
this, with 6 lines, is shown in Fig. 4.
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Fig. 4: Ensemble constructed with 6 different 
line profiles.

Fig. 1: Distribution of ISOSCELES parameters 
in the log g - 𝑇eff space.

Fig. 2: Classes obtained with GMM. The titles 
show the number of lines in each class.

Fig. 3: H𝛼 lines for 12 stars studied in [6]. In 
blue there are our fits, and in red the fits 
from [6]. The labels show the 𝜒2 values.

Fig. 5: Distribution of 6 parameters predicted by 
a BNN.
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Line force parameters

ISOSCELES Grid v2.0

Temperature:  
10 kK - 30 kK (steps of 500 k)     
31 kK - 45 kK (steps of 1000 k)
log g:  
4.2 - 0.75 (steps of 0.15)

Micro-turbulent velocity 
1 ,5 , 10, 15, 20, 25 km/s 
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ISOSCELES 
v1.0

ISOSCELES 
v2.0

Wavelength 
Range

IR, Optical IR, Optical, UV

Explicit Elements H, He, Si H, He, Si, C, N, O

# Line profiles 57 167

# Models ~ 0.5 M ~ 2.5 M

CAK parameters
k: 12 values 
𝛼: 8 values 
𝛿: 12 values

k: 13 values 
𝛼: 11 values 
𝛿: 13 values

Size 
(binary format) ~300 Gb ~1.4 Tb

ISOSCELES Grid - Differences



Final Remarks and Future Work

ISOSCELES is the first grid of synthetic data for massive stars that 
involves both, the m-CAK hydrodynamics and the NLTE radiative 
transport. 

The results obtained from ISOSCELES should have a better 
justification than the currently and widely calculated models 
with a 𝛽-law in quantitative spectroscopic analyses, especially for 
high values of 𝛽 

ISOSCELES v2.0 will cover the UV region  

We are implementing Machine-learning methods for the spectral 
line fitting. 

The next steps are new grids with other metallicities.



Thanks!
QUESTIONS?

If anyone wants to use ISOSCELES, please feel free to 
contact me (ignacio.araya@umayor.cl)!
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