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The current computational capabilities allow us to reproduce the turbulent dynamics of the Sun with a high degree of realism from the interior to the corona. At the same time, the variety of available observations allows us to probe the subsurface dynamics and observe
a wide range of phenomena in the solar atmosphere, from the photosphere to the corona. However, interpreting observations remains challenging due to the non-linear coupling of the turbulent plasma dynamics with magnetic fields and radiation. Using the output from
the realistic 3D radiative MHD simulations, we generate synthetic observables for different instruments to enable comparison of observations and models. This presentation will discuss examples of a synergetic analysis of the models, synthetic observables, and
observational data from different space missions: SDO, Hinode, and IRIS. Specifically, we will discuss the center-to-limb variations of spectroscopic data, subsurface flow measurements by the ring-diagram analysis, effects of the local dynamo, the origin of small-scale
eruptions, and dynamics of the solar corona. 

Conclusions
The multidimensional nature of flows from granulation 
and supergranulation to meridional flows and differential 
rotation, as well as their coupling to magnetic fields, are 
building blocks of the Sun's dynamics on global scales 
and crucial for tracing and understanding the solar 
magnetic activity from the interior to the surface and 
corona. 
Current computational capabilities enable modeling of 
various phenomena observed with different instruments. 
In this poster, we present examples of 'ob-initio' 3D 
radiative MHD and hydrodynamic models obtained with 
the StellarBox code, as well as synthetic observables to 
link simulations and observations of SDO/HMI, 
Hinode/SOT, and IRIS.
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ü 3D rectangular geometry
ü Fully conservative compressible
ü Fully coupled radiation solver:
- LTE using 4 opacity-distribution-function bins
- Ray-tracing transport by Feautrier method
- 14 ray angular quadrature
ü Non-ideal (tabular) EOS
ü 4th order Padé spatial derivatives
ü 4th order Runge-Kutta in time
ü LES-Eddy Simulation options 

(turbulence models):
- Compressible Smagorinsky model
- Compressible Dynamics Smagorinsky models
- MHD  subgrid models
- DNS+Hyperviscosity approach
ü MPI parallelization

StellarBox code (Wray et al 2015, 2018)

Thermodynamics structure of upper layers of 
the convection zone

Mean radial profiles of diagonal 
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Effects of the meridional flows and the radial differential 
rotation  and meridional flows on ring diagrams
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computation box 

location 
relative to the 

Sun’s  equator 
and rotation axis.

Rotational splitting in the oscillation power spectra
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View through the solar atmosphere 
from the corona towards the 
transition zone and corona. The 
simulation results show a self-formed 
magnetic structure in the corona that 
is connected with kilogauss magnetic 
field in the photosphere through the 
chromosphere and transition zone. 
Visualization is performed by 
advecting particles seeded at height 
2.4Mm above the solar surface.

Evolution of a) the Mg II k line 
spectra, b) CII 1334.5A line spectra, 
c) normalized SDO/AIA emission, and 
d) physical parameters in the 
transition region (at the height 
corresponding to 5x105K). The vertical 
dashed lines mark the time moment 
corresponding to the strongest 
SDO/AIA 335A emission during the 
shock. The vertical dotted lines mark 
the time moments of the Mg II k 
intensity peak (panel a), CII 1334.5A 
intensity peak (panel b), and SDO/AIA 
304A peak (panel c). The dotted area 
in panel (d) indicates the positive 
enthalpy flux (Sadykov et al., 2021).Distributions of a) vertical velocity, 

b) temperature, and c) magnetic field in 
a quiet Sun region at height 10 Mm 
above the photosphere. The vertical 
slice in panel d) shows propagation of 
high-frequency perturbations of 
divergence of the velocity from the 
transition zone to the upper layers of 
the corona. Color curves in panel 
d)  correspond to temperatures of the 
transition region of 0.1MK and 0.5MK. 
Black streamlines with arrows indicate 
magnetic field lines (Kitiashvili et al., 
2020).

# 
Eruption

Enstrophy transport 
speed, km/s

1 16 110
2 16 76
3 30 79
4 35 115

1 2 3 4

Temporal profiles 
of variations of the 
mean vertical 
velocity at different 
levels below the 
surface and in the 
atmosphere. The 
height difference 
between the curves 
is 60 km.

Panel a shows the vertical cut of the vortex tube 
which drives flow eruption and generation of shock 
waves in the solar chromosphere. The horizontal 
cuts (panel b) show a fraction of the box domain in 
the photosphere (top row) and 625 km above the 
solar surface (bottom row) for different quantities 
(from left to right): vertical velocity, density, 
temperature and vertical magnetic field.

The red arrows illustrate downdraft in the 
low-density, relatively cool vortex tube core 
(gray area); blue lines and arrows show 
swirling upflows around the vortex core. 
The vortex tube is rooted below the 
surface, and the flow eruptions are initiated 
by a pressure excess 60–120 km below 
the surface, and further accelerated by the 
Lorentz force in the mid-chromosphere.

Small-scale eruptions

Modeling of the Solar Corona

The flow eruption reflected in Stokes I and V. Panels a and b 
show zoomed images of I/Ic and V/Ic for l0 = −0.61 Å (l0 = 
6401.5Å). Panels c and d illustrate the evolution of Stokes 
profiles I/Ic and V/Ic. Thick red line profiles and circles on the 
profiles on the left plots indicate the location of the slit. Circles 
on images indicates location of the sample during the flow 
eruption.

Vertical helical motions in Hinode/SOT observables & fine structure of near-
surface magnetic fields from a 3D MHD radiative model of a quiet Sun region

Enstrophy transport from the transition 
zone  to the corona

Schematic illustration
of the flow pattern
in eruptions 
driven by a 
magnetized 
vortex 
tube.

Comparison of the contributions to 
the flow ejection of the hydro-
dynamic (red curves) and magnetic 
(Lorentz force, blue curves) vertical 
accelerations (normalized by the 
gravity acceleration) at different 
altitudes: a) z=780km, b) z=300km. 
The dashed curves correspond to 
the vertical velocity, given for 
reference at the same layers.

Effects of the solar rotation

Solar oscillations – 
distribution of the 

oscillation amplitude 
with depth – radial 

eigenfunctions
(p-modes).

l-𝜈 diagrams of solar convection and oscillations obtained for 8 hours of data for 
three Fe I lines 6173A, 6301A, and 6302A and the differences between the diagrams.

Radial profiles of the 
temperature pertur-
bations, T’rms (red 
curve), and density 
perturbations, r’rms  

(blue curve). 
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