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A quick introduction

Michel Curé’s talk...




Momentum Equation

Radial Coordinate:r Time:t Density:p Velocity:v
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a = sound speed



Line-Force Parameters

Irad = r2 OF Vth p Or

0 : changes in the ionization throughout the wind

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

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



Fast Solution (Standard m-CAK)
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Fast Solution
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Typical Values:

O and B stars = 3=0.7

to1.5

Puls et al. 1996, Kudritzki & Puls
2000

Late B and A supergiants

->B3>1.5

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

See also Venero et al. 2024



ISOSCELES

Grid of Stellar atmOSphere and
hydrodynamiC modELs of massivE Stars

See proceeding Araya et al. 2023

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



Step 1

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

1 | These models consider the fast and 6-slow solutions.
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Step 2

Fastwind grid (without rotation)

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

Line force parameters

a|0.45(10.47]10.5110.53|0.55]0.57(0.61]0.65
k|o0.05( 0.1 [0.15]| 0.2 |0.25| 0.3 |[0.35[ 0.4 |0.45| 0.5 |0.55| 0.6
6| 6. |0.04| 0.1 |0.14| 0.2 [0.24]| 0.3 [0.31]0.32(0.33/0.34]0.35

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

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

Models list

Log g/Temp Graph

First, select a model from the chosen Log g/Temp

Select a Log g/Temp pair by clicking on any point in the graph, or by
selecting in the selection box

0.75
Temperature (K)
45000
0o
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45000
Temperature (°K)

Click here to select the parameter(s) of interest. None selected means all selected.

Parameter selection

Get



ISOSCELES Explorer i...euw

Log g/Temp Graph Models list
Select a Log g/Temp pair by clicking on any point in the graph, or by Temperature 23500 °K
selecting in the selection box Logg 3.00
Total of models 949
0.75 The table below shows a sample of these models
Temperature () Temp (°K) Logg k alpha delta si mdot vinf
23500 O 23500 3.00 025 061 0.10 7.81  1.3710222e-6 1.1007462e+3
Logg: ® 23500 3.00 0.15 0.5 0.10 7.66  2.0969853e-7 8.8840028e+2
3.00 O 23500 3.00 0.25 045 0.32 7.66  2.6928484e-8 3.0495954e+2
O 23500 3.00 0.25 0.55 024  7.66 9.5403302e-7 5.9674206e+2
% O 23500 3.00 025 061 014 751 1.5671467e-6 9.7650579e+2
S O 23500 3.00 025 061 014  7.66 1.5671467e-6 9.7650579e+2
O 23500 3.00 025 061 0.20 7.81  1.9966341e-6 8.2119768e+2
O 23500 3.00 030 045 0.10 736 1.9203121e-7 6.4988458e+2
O 23500 3.00 0.30 0.65 024 736 6.1899429-6 8.4175889%e+2
O 23500 3.00 0.60 0.65 014  7.81 1.3285612e-5 1.1509216e+3
4.20
45000 9000
Temperature (°K)
Parameter selection Click here to select the parameter(s) of interest. None selected means all selected.
[JBRrR10 [CJHEI4471 [CJHEN712 [ siln4ss2
[JBR11 [JHEI4713 [JHEN713 [Jsil4se7
[JBRr12 [CJHEI4922 [JHEPS [Jsilas74
[C] BRALPHA [CJHEI6678 [JHGAMMA [Jsilaz16
[C]1 BRBETA [CJHEN218 [CJ PALPHA [Jsillag13
) BRGAMMA ) HEN4200 ) PBETA [ silag19
HALPHA ) HEN4541 CJpF10 [ silag29
[CJHBETA [CJHEN4686 [JpPFo [Jsins739
[CJHDELTA [JHENS7 [J PFGAMMA [ silv4089
[JHEN70 [JHEN611 [J PGAMMA [Jsiva11e
[CJHEI205 [CJ HENl6406 [Jsina128 [Jsilva212
[ HEI211 [ HEN6527 [ silla130 [ silv4950
) HEI4026 ) HEN6683 [ silis041 [ silves67

[CJHEI4387 [JHEN67 [Jsils056 [Jsilve701



ISOSCELES Explorer ...
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Optimization problem of spectral line fitting

Read input file ] l
Mand_atory: ) Optional:
Observational Data -Effective Temperature
Convolution Parameter ) - Surface gravity
- Type of solution

(Use multiprocessing ]

L tools J

58-S~ 53

Convolve synthetic Convolve synthetic Convolve synthetic
spectrum spectrum spectrum
Interpolate with Interpolate with Interpolate with
Observational Data Observational Data Observational Data
Perform 72 Perform 72 Perform 7
test test test

Collect the results

Extract all parameters N ata I l

Sort by 7* value
Select and plot best model
Export results to PDF file




Some Results

HD 99953

Haucke .
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Observations from Haucke et al. 2018




Some Results

Normalized Flux

Normalized Flux

HD 41117
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Some Results
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Natalia Machuca’s Poster
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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
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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 D = 17.37+0-63 for 5-slow solutions
and x = 1.22%0-17 and Dy = 22.23+0-58 for fast solutions. For O-type stars, these val-
ues are x = 6.27+1-85 and Dy = —4.31%8:57 for 5-slow solutions and x = 2.07+9-20 and
Dg = 17.23%1.07 for fast solutions.



Felipe Ortiz’s Poster

Classification of spectral Ha lines from massive stars using machine learning
methods e
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Fig. 3: Ha lines for 12 stars studied in [6]. In
blue there are our fits, and in red the fits
from [6]. The labels show the y? values.




ISOSCELES Grid v2.0

Temperature:
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ISOSCELES Grid - Differences

ISOSCELES ISOSCELES
v1.0 v2.0
Wavelength IR, Optical IR, Optical, UV
Range
Explicit Elements H, He, Si H, He, Si,C,N, O
# Line profiles 57 167
# Models ~0.5M ~2.5M
k: 12 values k: 13 values
CAK parameters o: 8 values a: 11 values
d: 12 values o: 13 values
Size ~300 Gb ~1.4Tb

(binary format)




Final Remarks and Future Work

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

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

high values of 3
o ISOSCELES v2.0 will cover the UV region

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

o The next steps are new grids with other metallicities.



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