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1. On magnetic flux tubes

Tattered cover of my personal copy of

Sami’s PhD thesis The Photospheric

Layers of Solar Magnetic Fluxtubes.

Sami K. Solanki (1987), PhD thesis

ETH 8309

toc ref



On magnetic flux tubes (cont.)

Semi-empirical atmospheres of plage and net-

work magnetic flux tubes, also called the “Sami-

empirical” models by Uli Grossmann-Doerth.

One of seven pages of Fe I and Fe II lines and

their Landé factors.
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On magnetic flux tubes (cont.)
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On magnetic flux tubes (cont.)

Gerald ”Jerry” W. Pneuman, 1931–2004

Scientist at the High Altitude Observatory from 1968 to

1987. Visiting scientist at the Institute of Astronomy at ETH

from 1984 to 1985.

Work on coronal magnetic fields (coronal streamers) and

space physics.

Pneuman, G.W., Solanki, S.K., and Stenflo, J.O.: 1986, Structure and merging of solar

magnetic fluxtubes, A&A 154, 231

Steiner, O., Pneuman, G.W., and Stenflo, J.O.: 1986, Numerical models of solar

magnetic fluxtubes, A&A 170, 126
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On magnetic flux tubes (cont.)

Approximate sketch by Jerry Pneuman, explaining even an odd power expansions for

Bz and Br , respectively.

Find proof in:

Ferriz Mas, A. and Schüssler, M.: 1989, Radial expansion of the magnetohydrodynamic

equations for axially symmetric configurations, Geophys. Astrophys. Fluid

Dynamics 48, 217-234
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On magnetic flux tubes (cont.)

Solution of a 2nd order ODE with the help

of a shooting method .

Sami shoots faster than Lucky Luke who

already shoots faster than his own

shadow.
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On magnetic flux tubes (cont.)

“... magnetic flux ... is typically structured into

larger, amorphous, “ribbons” which are not re-

solved into individual flux tubes.” From Berger

et al. 2004, A&A 428, 613.

“... the time-evolution is more that of a mag-

netic fluid than that of collections of flux-tubes.”

From Rouppe van der Voort et al. 2005, A&A

435, 327.
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Contrast profile and magnetic field strength of

a “ribbon” structure. From Berger et al. 2004.
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On magnetic flux tubes (cont.)

“This example ... demonstrates that results of idealized,

two-dimensional models are indeed relevant for the

explanation of some aspects of three-dimensional

magnetoconvection.” From Vögler et al. 2005.
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On magnetic flux tubes (cont.)
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Vertical section through through a CO
5
BOLD simulation snapshot. Gray scales: vertical

magnetic field strength. Dashed curve: τR = 1 contour. Solid white curves: contours

of constant density. From Salhab et al. 2018.
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2. On irradiance
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On irradiance (cont.)

τc =1 T
T1

23T

I/Iquiet
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Sketch of the optical surface of τc = 1 in relation to isothermal contours and

corresponding contrast profile. Sketch derived from results of the stationary

magnetohydrodynamic model of Deinzer, Hensler, Schüssler, and Weisshaar 1984a,b.
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On irradiance (cont.)

c=1τ

A single flux sheet/tube influences the radiative

escape in a cross-sectional area that is much

wider than the magnetic field concentration

proper.

At heliocentric angle µ = 0.54,

the facular size ⊥ to the limb is

≈ 0.5′′ and more. From Lites et

al. 2004.
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On irradiance (cont.)

Radiative cooling (dark) and heating (bright) per unit mass, Qrad/ρ, in a vertical slice

of a 3-D solar CO
5
BOLD model with 12 opacity bins and 4+1 ray inclinations µ.

From Steffen 2017 .
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§ 3 Stellar irradiance variability

K8V

K2V

G2V

F5V

- “Box in a star” simulations of the

surface layers of four spectral

types;

- Each simulation is run twice :

with and without magnetic fields;

- Initial vertical homogeneous

field of 50 G and 100 G ;

- Multi-group radiation transfer

using 5 opacity bins;

- Numerical, non-stationary,

three-dimensional radiation

magnetohydrodynamics using

the CO
5
BOLD code.
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3. Stellar irradiance variability (cont.)

K8V

cbol rms =

5.6 %

B0, v50

K2V

cbol rms =

9.8 %

B0, v50

From Salhab

et al. (2017)
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3. Stellar irradiance variability (cont.)

G2V

cbol rms =

15.3 %

B0, v50

F5V

cbol rms =

18.7 %

B0, v50

From Salhab

et al. (2017)
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3. Stellar irradiance variability (cont.)
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depression” WD.

Conclusion: Bz(τR = 1) ≈ 1550 [G] is fairly

independent of spectral type
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3. Stellar irradiance variability (cont.)

Magnetic flux sheath in a

LOS

mag+ppipe

ρ
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K-type atmosphere

Small depression of the τc = 1 surface

⇒ weak hot-wall effect .

Weak evacuation

⇒ faint facular granules.
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ρ
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G-type atmosphere.

Large depression of the τc = 1 surface

⇒ strong hot-wall effect .

Strong evacuation

⇒ bright facular granules.
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3. Stellar irradiance variability (cont.)

spectral type K8V K2V G2V F5V

initial Bz [G] 50 50 50 50

25 δIbol
[%] 0.25±0.2 0.68±0.9 0.88±1.1 0.53±0.8

26 δFbol
[%] 0.39 ±0.2 0.86 ±0.9 1.15 ±1.1 0.95 ±0.8

27 δFbol
− δIbol

[%] 0.14 0.18 0.27 0.42

30 WDw [km] 60±14 139±34 232±65 388±113

31 WDw/Hp(τR = 1) [-] 0.7±0.1 1.3±0.3 1.4±0.3 2.6±0.7

15 ρint/ρext(z0) [-] 0.75±0.02 0.54±0.03 0.46±0.04 0.36±0.05

16 β(z0) [-] 2.7±0.2 1.3±0.1 0.74±0.1 0.38±0.1

Radiative surplus of the magnetic over the field-free models, weighted mean

Wilson depression, and degree of evacuation of the flux concentrations.
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3. Stellar irradiance variability (cont.)

Conclusion: For spectral types K8V to F5V, the small-scale

magnetic fields produce a surplus in radiative intensity and flux .

It is most pronounced for G-type and early K-type stars.
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