
SURFACE PROCESSES II

The different spatio-

temporal scales of the solar 

magnetism

Dr. Dario Del Moro

University of Rome Tor Vergata

delmoro@roma2.infn.it

From the small(est) scales,

large(st) scales

Or how the advection of the

smallest magnetic elements on

the solar surface affects the

toroidal-to-poloidal conversion in

the solar cycle.

Dr. Dario Del Moro

University of Rome Tor Vergata

delmoro@roma2.infn.it



2

Abramenko et al.  2011

Here it begins
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Sanchez-Almeida 2010

The Swedish 1-meter Solar Telescope – La Palma



The small scales



Numerical simulation of the solar 

photosphere

5

Schussler, ESPM 2008:

“In 100 years we will have 

the computing power to 

perform MHD simulations 

from the large scales 

(1400 Mm) down to the 

dissipation scale (10 cm).”

In the meanwhile, need of 

models that can mimic the 

complexity of the solar 

dynamics Woeger et al., ScienceDaily, Oct. 2005 Rempel et al., ApJ 691, 640, 2009



Magnetic diffusion value: “small”

Otherwise no small scale dynamo



The flux-transport dynamo

 Toroidal field

 Just below the CZ

– Created by shear

 Buoyancy of flux tubes 

 Tilted AR emergence

 Active latitudes

 Decay by shredding

 Diffuse field

 Meridional flow

 Poleward migration for 

a new poloidal field



+ Right time scales

+ Right starting latitudes

+ Right tilt angle between 

emerging polarities

+ Variation of the meridional flow 

affects the cycle

- Decay of AR still a problem

- JUST a kinematic model

Rudiger & Hollerbach, The Magnetic Universe, Wiley-VCH, 2004

The large scales



MAIN INGREDIENTS:

Differential rotation

Diffusion

Meridional flow

A kinematic dynamo 
model

 Period determined by 
the characteristics of 
the return flow

 Surface B flux values 
strongly dependent on 
rotation rate and 
profile

Isik et al., A&A 528, A135, 2011
Bonanno, Geophys. Astrophys. Fluid Dyn., 107, 2013



Diffusion: a key ingredient for 

kinematic dynamo models
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MAIN INGREDIENTS:

Differential rotation

Diffusion

Meridional flow

Case SUN:

prescriptions matching 

measurements of solar flux 

emergence and evolution.

Case DISP: 

same emergence as Case 

SUN, but dispersal 10 

times less efficient.

Case LIN:

dependence of magnetic 

feature mobility on flux 

removed

Case LIN+DISP:

combination of LIN and 

DISP.

 Surface B diffusion  strongly 
dependent on turbulent convection 
properties De Rosa, Proc. IAU,  S233, 2, 25, 2006



Turbulent diffusion coefficient in use:

~600 km
2

/s for kinematic dynamos

<10 km
2

/s  for MURAM code simulations 
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Abramenko et al.  2011

Back to the start



Chitta et al.  2012

Anomalous diffusion!



Abramenko et al.  2011

Anomalous diffusion!



Einstein–Smoluchowski relation

Normal and Anomalous Diffusion: 

A quick Tutorial

“Phenomena of anomalous diffusion are very frequent, because any systems of interest are far from

equilibrium, such as turbulent systems, or because the space accessible to the diffusing particles has a

strange, e.g. fractal structure. The tools to model these phenomena, continuous time random walk,

stochastic differential equations, and fractional diffusion equations, are still active research topics.”

Vlahos et al. 2008



Abramenko et al.  2011

The diffusion coefficient changes 

from small to large scales



Jafarzadeh et al.  2013



Abramenko et al.  2011

Can we do better?

Richardson diffusion?

Fully turbulent medium?

Self-similar scaling?

Methods ok?

Ranges explored?





One exceptional Dataset

Duration:  50 min FoV: ~30x30Mm
2

Cadence:  5 sec Resolution: ~100km



Del Moro et al.  2015



An advection simulation...



Del Moro et al.  2015

An advection simulation...

After all…

No need of Richardson diffusion



Diffusion coefficients you may use:

~500 km
2

/s for large scales (depending on B 

strength) 

<10 km
2

/s  for small scales

“The diffusion coefficient value depends on the scale”



Another exceptional Dataset

Duration:  ~25 hours FoV: ~50x50Mm
2

Cadence:  90 sec Resolution: ~200km



Giannattasio et al.  2013

Stangalini et al.  2015



Giannattasio et al.  2013



Giannattasio et al.  2014a

“the lower diffusivity of magnetic elements in

NW regions allows to amplify more easily the

magnetic fields therein”



Diffusion coefficients you may use:

~500 km
2

/s for large scales (depending on B 

strength) 

<10 km
2

/s  for small scales

“The diffusion coefficient value depends on the scale and the position”



Giannattasio et al.  2014b


