
The small scale magnetic 
elements on the photosphere: 

a turbulent story.

DARIO DEL MORO
Dipartimento di Fisica 
Università di Roma “Tor Vergata”

Giardini Naxos - 11 June 2018



4

Sanchez-Almeida 2010
The Swedish 1-meter Solar Telescope – La Palma
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The large scales



Diffusion: a key ingredient for 
kinematic dynamo models
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MAIN INGREDIENTS:
Differential rotation
Diffusion
Meridional flow

Case SUN:
prescriptions to match 
measurements of solar flux 
emergence and evolution.
Case LIN:
dependence of magnetic 
feature mobility on flux 
removed
Case DISP: 
same emergence as Case 
SUN, but dispersal 10 
times less efficient.
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

Dario Del Moro     OAR 30/01/2018



Magnetic diffusion value: “small”
Otherwise no small scale dynamo
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The small scales



Turbulent diffusion coefficient in 
use:

~600 km2/s for kinematic dynamos

<10 km2/s  for MURAM code simulations 
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Abramenko et al.  2011
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Here it begins



Abramenko et al.  2011

Anomalous diffusion!



Abramenko et al.  2011

The diffusion coefficient changes 
from small to large scales
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Jafarzadeh et al.  2013



Abramenko et al.  2011

Can we do better?
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Richardson diffusion?

Fully turbulent medium?

Self-similar scaling?

Methods ok?

Ranges explored?



An exceptional dataset

Duration:  ~25 hours FoV: ~50x50Mm2

Cadence:  90 sec Resolution: ~200km

Dario Del Moro     OAR 30/01/2018



Giannattasio et al.  2013
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Giannattasio et al.  2014a
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“the lower diffusivity of magnetic elements in 
NW regions allows to amplify more easily the

magnetic fields therein”
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Advection simulations...Advection simulations...
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After all…
No need of Richardson diffusion

Agrawal et al.  2018



Giannattasio et al.  2014b
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Diffusion coefficients you may use:

~500 km2/s for large scales (depending on B 
strength) 

<10 km2/s  for small scales

“The diffusion coefficient value depends on the scale and the position”
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Photospheric advection model Nano-flare reconnection model

Viticchié et al. 2006, 
Volpes et al. 2012, 
Giovannelli et al.
2015

Energy for the Corona



Using the Sun (real or simulated) 
to study the impact of stellar activity 
on exo-planet detectability
Stellar activity produces signals that can be 
observed in photometric light curves and 
radial velocities.
 
They are due to:
 
1. Magnetic activity.
Due to spots and plages.
Varies on day-month time-scales and on 
year-decade time-scales.
 
2. Oscillations and pulsations.
They usually have an impact on minute-hour 
time-scales

Use the models as templates to investigate the impact of magnetic activity 
and turbulent convection diffusion on our ability to detect planetary signals
 
→ IMPROVE the models!!
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Thank you

Miss a EST.


