
Study of stellar winds and coronae of low-mass 

and low-metallicity stars

Author of the Paper: 

Takeru K. SUZUKI

Presented by 

Richa Halder

@steller wind-NASA



@Interne
t

▪ For less luminous stars, MHD process accelerate stellar winds.

• The source of the energy for heating and accelerating the plasma is believed to be in the 

surface convection, this energy is lifted up through the magnetic fields, and its dissipation 

results in plasma heating

• In the coronal holes, the Alfven waves can play an important role.

• The Alfven waves are excited by steady transverse motions of the field lines at the 

photosphere.

• These Alfven waves are believed to contribute to the acceleration of the stellar wind and 

related to coronal heating problem.

• In this project, possible solution to these problems are studied using 1D MHD simulation in 

compressible plasma.

Introduction



• To determine the dependence of mass loss rate and

atmospheric properties on metallicity of low mass and low

metallicity stars by solving 1D MHD equations.

Goal of the project
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Stellar mass

Stellar radius

Effective Temperature

Density

Metallicity

Magnetic diffusion

Velocity perturbation

Expansion factor of a flux tube

determined by dynamo activity in surface convective layer

Method: Input Parameters



Time-dependent solution of MHD equation
Assumption: open magnetic flux tubes similar to Sun for all low-mass stars and

magnetic activity level same as the Sun.

Solves the ideal two MHD equations (1D):

Method

1D MHD equation’s solution is done using FORTRAN program



Method: Plotting

• Shallow surface convective zone and opacity has a positive dependence on metallicity.

• Low-mass stars to be considered:                                                    

• Metallicity   

• Python program is written to analyze the results.

• Different time-averaged wind profiles are plotted.

• And the time evolution of mass loss rate is also given.



Method: Plotting

• Different factors such as Teff, density, steller radius and expansion factor of the flux

tube are also modified. Different values used are given below [5]

M          Z             R          Teff Density         f0



Results (Solar Case)



Results

With time, the atmosphere is heated and 

accelerated effectively by the dissipation 

of the Alfven waves.

At t = 5.55 hr the temperature rises with 

height.

the coronal density increases by 2 orders 

of magnitude at t=0.33 hr.

the transverse wind velocity exceeds the 

plot of 250km/s at t=0.33 hr

Time-evolution: solar case



Results

Wind profiles of 

Different steller mass

• Temperature increases with mass

• Density increases with mass

• Velocity decreases with mass in 

coronal region and reverse in 

inner surface



Results
Dependence on metallicity for 0.8

• The temperature profiles for low metallicity are 

similar.

• Isothermal region at T ≈ 10^4 K is formed by the 

Lyα cooling, thermal instability is achieved 

above that.

• Location of peak temperature depends on 

metallicity.

• Density in the coronal region is higher for 

lower Z.

• The difference between the density at the 

photosphere and the density in the corona is 

smaller for lower-metallicity stars.



Results
Dependence on metallicity of 0.8

• The profile is similar for 

both radial velocity and 

transverse velocity.

• Dependence of the wind 

velocity on metallicity is 

weak.

• Terminal velocity is 

comparable to the escape 

velocity.

• Wind velocity is slightly 

slower for lower Z.



Results
Dependence on density for 0.8

Dependence on effective temperature for 0.8



Discussion and Limitation

• Ideal MHD approximation and in open magnetic field regions.

• In the high-density condition, Ohmic dissipation is the dominant damping mechanism that 

affects the propagation of Alfven waves.

• Realistic conditions include ambipolar diffusion in the chromosphere.

• Shock dissipation tends to be overestimated in the one-dimensional simulation because 

the shocks cannot be diluted by the geometrical expansion.

• Dissipation can also happen with different mechanisms due to multidimensionality such as 

the turbulent cascade into the transverse direction and phase.

Though Mass loss rate can be determined from the surface convective perturbations easily,

and ideal MHD follows conservation of mass, momentum, and energy,

this process have several limitations:



• Investigated structure of atmospheres and winds in open magnetic field regions on 

low-mass stars with various metallicities.

• Solved MHD equations with radiative cooling and thermal conduction in superradially

open one-dimensional magnetic flux tubes.

• Location of peak temperature depends on metallicity.

• The difference between the density at the photosphere and the density in the corona 

is smaller for lower-metallicity stars.

• Dependence of the wind velocity on metallicity is weak.

Learning Outcomes
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