
Re: yesterday

Negative diffusivity, but

positive hyperdiffusiviy

(positive curvature!)



Preprint numbers
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Entropy Rain

Surface: granulation (~1Mm)

Radius of the Sun: 700 Mm

Convection zone: 200 Mm



Early work in the 1930s



Entropy & convection
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Original mixing length model
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Considerations

• In mixing length theory: l=Hp only hypothesis

• Simulations: subgrid scale diffusion, viscosity

• Envisage reasons for (i) smaller scale flows 

and/or (ii) deeper parts subadiabatic?

• Convection zone still 200 Mm



Helioseismology: change at 0.7R



Spruit97 A changing paradigm



Stein & Nordlund (1998) simulations

Filamentary, nonlocal shown: entropy fluctuations pos neg



Entropy rain



Tau approximation
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Closure

hypothesis



Deardorff1



Deardorff2



Physical meaning?
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New solutions with Deardorff flux
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Axel Brandenburg

CU-Boulder, Colorado

Nordita, Stockholm

Gradient & Deardorff terms

extra nabla term in standard MLT
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Axel Brandenburg

CU-Boulder, Colorado

Nordita, Stockholm

Subadiabaticity of the 

deeper layers

Hurlburt, Toomre, & Massaguer (1986)

Negative
Negative

previously taboo, by construction
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Subadiabaticity of the 

deeper layers
5 pages of recap of Solar Focus of Dec 5 + Kapyla+18 paper

Brandenburg, Nordlund, & Stein (2000) using Kramers opacity

Negative
Negative
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Axel Brandenburg

CU-Boulder, Colorado

Nordita, Stockholm

Hydrostatics with K(z) K(,T)

Brandenburg (2016)
Polytropic index:

TKradF

Radiative flux:
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Kramers’ opacity:

Nonconvecting solution (Frad=const, Ttop= 0.84Teff)
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But why optically thick = thin in equilibrium?

instead of



…end of a generation has begun
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…end of a generation has begun
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Axel Brandenburg

CU-Boulder, Colorado

Nordita, Stockholm

Solar non-convecting model

• Unstable layer 
extremely thin 
(1Mm)

• But extremely 
unstable

• Deep layers will 
be mixed by long 
nonlocal spoon

•  S ~ const 

Brandenburg (2016)

large structures     

 not excited!
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Axel Brandenburg

CU-Boulder, Colorado

Nordita, Stockholm

Thickness versus separation
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Nonconvecting 1-D atmospheres

• Solve from the bottom upward
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Solutions

always: Ftot=Fconv+Frad here: Fconv=Fenth+Fkin



Kinetic energy flux

Self-consistency &

upflow estimate

-(neg)pospos



OPAL vs. old Cox & Stewart opacities

• 2 branches

• Rising branch from 
H- opacity at low T

• Decreasing branch 
from bound-free & 
free-free opacity

• Kramers type 
opacity

• a=1, b=-3.5

10-7 g/cm3

10-5 g/cm3

10-3 g/cm3



h
tt

p
:/

/c
d
sw

eb
.u

-s
tr

as
b

g
.f

r/
to

p
b
as

e/
h
o
m

e.
h
tm

l

10-7 g/cm3

10-5 g/cm3

10-3

g/cm3

Z=0

Z=0.1Z=0.01

Z=0.001

Different metallicities



Essentials captured by analytic formula

• Kr: a=1, b=-7/2

• H-: a=0.5, 

b=+10…



Solve hydro model with prescribed prescribed 

• Cartesian

• Gray rad 

transfer

• 22 – 26 rays in 

3D

• 2 rays in 1-D 

(up/down)



Relaxation from isothermal state

• Most rapid cooling near, or slightly above =1

• Relaxation to near-polytropic interior plus isothermal top

• Polytropic index depends on a and b

Barekat & Brandenburg (2014, A&A 571, A68)



Constant opacity (a=b=0) with 

exponential (iron) bump

• Convection smears out negative entropy gradient

• Surface becomes slightly cooler

• Iron bump by hand

• Model not yet designed 
to represent Be stars

• Modify setup similar to 
that with Barekat

• How does convectio
develop?

1-D, no convection 2-D,  convection



Strong random perturbations: 

almost die out

• Mild convection

• Strongly subsonic



Deardorff also in accretion discs

38

• Significant 

convective 

flux near 

midplane!

• Not explained 

by super-

adiabatic 

gradient!
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Axel Brandenburg

CU-Boulder, Colorado

Nordita, Stockholm

Simulations (Käpylä+17)

• Extended subadiabatic layer

• Yet upward enthalpy flux

Brandenburg (2016)
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Consequences

• Large scales not excited

– No giant cell convection

• Smaller scale l less turb. Diffusion: ht=lurms/3

– Applications to dynamos: stronger, less turb diffusive

• Two other important effect:

– Lambda effect   differential rotation

– Negative effective magnetic pressure  spots



Coronaviral activity (update)
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Latest update (last week)
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Latest update
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Latest update
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Latest update
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Conclusions

• For the Sun: need new approaches

– WholeSun (Paris, MPS, Oslo)

– ERC consolitator for Maarit Käpylä

• Smart top boundary condition

– Effects of entropy rain
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Crafoord prize in Astronomy 2020

47
“for pioneering and fundamental studies of the solar wind and magnetic fields from stellar to galactic scales”


