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Introduction - Massive stars

ESO

Properties

Teff ≳ 10000K ,
L > 104L⊙,
MZAMS ≳ 8M⊙,

Short lifetimes (∼ 106 yr)

Rotational velocities over 40
km/s

Radiation driven winds
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Introduction - Winds theory

CAK Theory

m-CAK

Abbott (1982)

Friend & Abbott (1986)

Pauldrach et al. (1986)

Finite disk correction

Mass loss rate
Ṁ = 4πr2ρ(r)v(r)

Terminal velocity
(v∞)
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Introduction - Winds theory

Assuming that:

Winds are stationary.

Forces involved: gravity, pressure y radiation.

Viscosity and magnetic fields can be neglected.

Equation of motion

v
dv

dr
=

1
ρ

dp(r)

dr
− GM⋆(1 − Γ)

r2 + geskt
−α

(
Ne

W

)δ

0.01 ≲ k ≲ 0.60 number of lines effectively contributing to the driving of the wind

0.45 ≲ α ≲ 0.65 ratio between line-force from optically thick lines and total line force

0.00 ≲ δ ≲ 0.36 changes in the ionization throughout the wind

natalia.machuca@postgrado.uv.cl WLR in massive stars October 26, 2023 4 / 35



Introduction - Winds theory

Assuming that:

Winds are stationary.

Forces involved: gravity, pressure y radiation.

Viscosity and magnetic fields can be neglected.

Equation of motion

v
dv

dr
=

1
ρ

dp(r)

dr
− GM⋆(1 − Γ)

r2 + geskt
−α

(
Ne

W

)δ

0.01 ≲ k ≲ 0.60 number of lines effectively contributing to the driving of the wind

0.45 ≲ α ≲ 0.65 ratio between line-force from optically thick lines and total line force

0.00 ≲ δ ≲ 0.36 changes in the ionization throughout the wind

natalia.machuca@postgrado.uv.cl WLR in massive stars October 26, 2023 4 / 35



Introduction - Winds theory solutions

fast solution
O type stars

High values of v∞
δ ≲ 0.25

v(r) = v∞

(
1 −

R⋆

r

)β

Pauldrach et al. (1986)

Ω-slow solution
High rotation

Equator of the stars

Low values of v∞
Ω = vrot/vcrit ≳
60%− 70%

Curé 2004

δ-slow solution
Supergiants

Low values of v∞
δ ≳ 0.28

Curé et al. 2011

Characterization of a star

Stellar parameters: Teff , log(g), L, R, ...
Wind parameters: Ṁ, v∞, α, k, δ
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Methodology - Code

FASTWIND

HYDWIND (Curé, 2004)

Hydrodynamical code that solves stellar winds of massive stars in 1D

Wind is treated as a stationary and isothermal fluid.

Uses approximations to include effects of high rotation and gravity darkening.
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Methodology - Grid of models

ISOSCELES: grId of Stellar atmOSphere and hydrodynamiC modELs for massivE Stars
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Parameter Variation
Teff [K] 9000 to 30000 steps of 500

30000 a 45000 steps of 1000
log g 0.75∗ < log g < 4.20 steps of 0.15
α 0.45, 0.51, 0.53, 0.55, 0.61, 0.65
k 0.05 to 1.0 steps of 0.05
δ 0, 0.04, 0.1, 0.14, 0.2, 0.24, 0.28, 0.29,

0.3, 0.31, 0.32, 0.33, 0.34, 0.35
ξ [km/s] 1, 5, 10, 15, 20, 25
logϵSi 7.21, 7.36, 7.51, 7.66, 7.81

Result

∼ 573.387 models

6 microturbulence velocities

56 spectral lines H, He, Si.
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Methodology - Convolution

Glebocki R. & Gnacinski P. (2005)
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Methodology - Code

Read input file

Mandatory:
Observational Data

Convolution Parameter

Optional:
-Effective Temperature

- Surface gravity
- Type of solution

Use multiprocessing
tools

CPU 1 CPU 2 CPU n-1 CPU nCPU n/2

Convolve synthetic
spectrum

Interpolate with
Observational Data

Perform χ2

 test 

Collect the results

Extract all parameters
Sort by χ2 value
Select and plot best model
Export results to PDF file

Convolve synthetic
spectrum

Interpolate with
Observational Data

Perform χ2

 test 

Convolve synthetic
spectrum

Interpolate with
Observational Data

Perform χ2

 test 
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Results - Spectral Analysis

Example 1: Analysis of PCyg (B1 Ia)

Teff = 13000 K
log g = 1.35

α = 0.57
k = 0.15
δ = 0.24

Ṁ = 3.68×10−5M⊙/yr

v∞ = 176 km/s

Example 2: Analysis of HD99953 (B2 Ia)

Teff = 18500 K
log g = 2.40

α = 0.53
k = 0.15
δ = 0.34

Ṁ = 2.44 × 10−7M⊙/yr

v∞ = 254 km/s
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Results - Spectral Analysis

Example 3: Analysis of HD14633 (O8.5 V)

Teff = 36000 K
log g = 4.05

α = 0.51
k = 0.30
δ = 0.10

Ṁ = 3.08 × 10−8M⊙/yr

v∞ = 597.41 km/s
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Example 4: IACOB stars

HD120315

HD176502

HD179406

HD18604
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Example 5: IACOB stars

HD120315

HD176502

HD179406

HD18604
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Scientific goal: Wind momentum Luminosity Relationship

Wind momentum definition

Dmom ≡ Ṁv∞

(
R⋆

R⊙

)1/2

Wind momentum Luminosity Relationship

Since the stellar winds of massive stars are driven by radiation, it is reasonable to expect
that the mechanical momentum of the flowing material is related to the momentum of
the radiation field.

Dmom ∝
(
L⋆

L⊙

)x

x: the inverse of the slope of the line force distribution function corrected for ionization effects (Puls et al.,

2000)

Distance Estimator v∞ ∝ vesc → ISM Ṁ, Dmom along E.T.
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Previous studies of this relationship

Kudritzki et al. 1999

Vink et al. 2000

Bresolin et al. 2002

Martins et al. 2008

β-law: v(r) = v∞

(
1 − R⋆

r

)β
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IACOB + ISOSCELES

IACOB

http://research.iac.es/proyecto/iacob/iacobcat/

Sergio Simón-Díaz, Instituto
de Astrofísica de Canarias

Galactic massive stars

1000 O, B type stars optical
spectra

ISOSCELES
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Results - WLR

log(Dmom) = 1.89 ± 0.14 log(L/L⊙) + 17.45 ± 0.65

log(Dmom) = 1.10 ± 0.1 log(L/L⊙) + 22.15 ± 0.37
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Secondment at Ondrejov
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Secondment at Ondrejov
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Secondment at Ondrejov
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Secondment at Ondrejov

Mass loss

Radius
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Secondment at Ondrejov

2014

2015
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Secondment at Ondrejov
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Secondment at Ondrejov
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Secondment at Ondrejov
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Secondment at Ondrejov
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Secondment at Ondrejov
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Secondment at Ondrejov
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Secondment at Ondrejov
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Secondment at Ondrejov
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Conclusions

The calibration of the WLR (still in progress) has been done for the first time with
the correct hydrodynamic and we’ve found a clear dependency on the type of
solution.

B supergiant stars are better modeled with δ-slow solutions and are needed to better
constrain the WLR.

We have a powerful tool to model most of O, B or A-type stars using the
ISOSCELES grid.

Secondment:
I test the invariant Q value.
I gained new skills in using another atmosphere code.
I learned about equivalent widths and their importance in the study of observational
data.

Contact: natalia.machuca@postgrado.uv.cl
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