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Abstract: The observed primordial energy release of solar
flare in the corona is explained by the mechanism of S. I.
Syrovatskii, according to which the flare energy is accu-
mulated in the current sheet. The flare release of the
current sheet energy causes the observed manifestations
of the flare, which are explained by the electrodynamical
model of a solar flare proposed by I. M. Podgorny. According
to thismodel, hard X-ray beam radiation on the solar surface
is explained by the acceleration of electrons in field aligned
currents caused by the Hall electric field in the current sheet.
The study of the flare mechanism is impossible without per-
formingmagnetohydrodynamic (MHD) simulations abovea real
active region (AR), in which the calculation begins several
days before the appearance of flares. When setting the pro-
blem, no assumptionsweremade about the flaremechanism.
An absolutely implicit finite-difference scheme, conservative
with respect to themagnetic flux, has been developed, which is
implemented in the PERESVET code. MHD simulation in the
real scale of time can only be carried out, thanks to parallel
computations using compute unified device architecture
(CUDA) technology. Methods have been developed that
made it possible to stabilize the numerical instability arising
near the boundary of the region. Calculation above AR 10365
for low viscosities ( =Rm 109, =Re 107, =νArt Phoosphere

=

−ν 10Magn Art Phoosphere
4)showed theappearanceof a singular

X-type line, in the vicinity of which a current sheet with accu-
mulatedmagnetic energy for aflare can form.Also, bymeans of
MHD simulation the appearance of singular lines above a real
AR is shown, in which the magnetic field is a superposition of
an X-type field and a divergingmagnetic field. In such a super-
position of configurations, even if the diverging field predomi-
nates, the formation of a current sheet is possible, which can
explain the appearance of a flare of not very high power. The
coincidence of the position of the source of the flare thermal
X-ray radiation with the places of appearance of the current
sheets confirms the mechanism of the solar flare, based on the
accumulation of energy in themagneticfield of the current sheet.

Keywords: solar flares, current sheet, solar corona, mag-
netohydrodynamic simulation, numerical methods, par-
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1 Introduction: the need for
magnetohydrodynamic (MHD)
simulations above the active
region (AR) in the real scale of
time to study the solar flare
mechanism

Solar flares are the most powerful manifestations of solar
activity, during which energy of 1032 erg is released in a
few tens of minutes. Since flares occur above ARs with a
large magnetic field (the value of the field in the AR on
the solar surface reaches several thousand G), there is
now no doubt that magnetic energy is released during
flares. The primordial energy release from the flare occurs
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high in the solar atmosphere (in the lower corona) at
altitudes of 15,000–70,000 km, which is ~1/40–1/10 of
the solar radius. First of all, this has been proven by
direct measurements of the thermal X-ray emission of
flares on the limb (Lin et al. 2003). Evidence of the
appearance of a flare in the corona is also the invaria-
bility of the magnetic field on the solar surface (Podgorny
et al. 2015), and the analysis of temperature changes in
time in the corona at the flare site according to observa-
tions of ultraviolet radiation of highly ionized iron ions
(Podgorny and Podgorny 2018).

The main flare process high in the corona can be
explained by the mechanism of Syrovatskii (1966): the
accumulation of magnetic energy in the field of a current
sheet, which is formed in the vicinity of an X-type sin-
gular line of magnetic field. As a result of quasi-sta-
tionary evolution, the current sheet transfers into an
unstable state (Podgorny and Podgorny 2012). Instability
causes a flare release of energy with all the observed
manifestations of a flare, which are explained by the electro-
dynamic model of a flare proposed by I. M. Podgorny
(Podgorny et al. 2010). The model was developed based
on the results of observations and numerical MHD simula-
tion and uses analogies with the electrodynamic substorm
model proposed earlier by the author on the basis of Inter-
cosmos-Bulgaria-1300 satellite data (Podgorny et al. 1988).
The hard X-ray beam radiation on the surface of the sun
during a flare is explained by the deceleration in the lower
dense layers of the solar atmosphere of electron fluxes
accelerated in field aligned currents caused by the Hall
electric field in the current sheet. Studies have once again
confirmed that the only mechanism that can explain the
slow accumulation of magnetic energy in the solar corona
in a stable configuration, and then its rapid release during a
flare when the configuration transition to an unstable state,
is the mechanism of the release of energy accumulated in
the magnetic field of the current sheet.

Since the configuration of the magnetic field in the
corona cannot be obtained from observations, in order to
study the physical mechanism of the flare, as well as
improve the prognosis of flares, it is necessary to carry
out MHD simulation in the corona above the AR, in which
all conditions are taken from observations. The results of
recent studies lead to the conclusion that in order to
study the mechanism of a solar flare, the calculation
should begin several days before the appearance of flares,
when the magnetic energy for the flare has not yet accumu-
lated in the corona. When setting the problem, no assump-
tions about the flare mechanism were made at setting of the
problem (Podgorny and Podgorny 2008), the purpose of the
simulationwas to determine themechanism of the solar flare.
For setting the boundary conditions, we used the magnetic

field distribution observed in the photosphere; the other con-
ditions were approximated by the free exit conditions.

The problem of studying the mechanism of a solar
flare by MHD simulation of a flare situation in the corona
above a real AR has not been completely solved at pre-
sent. The problem is so complex that it cannot be com-
pletely solved using the already developed numerical
methods, even using the most powerful computing clusters,
such as the NASA Ames Research Center, with parallel com-
puting on modern graphics cards (GPU). It is necessary to
develop and optimizemathematicalmethods and to program
the most optimal algorithm for parallel calculations specifi-
cally for our problem.

In order to speed up the calculation, a finite-difference
scheme was specially developed, which had to remain
stable for the largest possible time step (Podgorny
and Podgorny 2004, 2008). The scheme was realized in
the PERESVET program. The scheme is upwind, absolutely
implicit, and conservative with respect to the magnetic flux,
it is solved by the iteration method. Despite the use of spe-
cially developed methods, it was possible to carry out MHD
simulations in the corona on a usual computer only on a
greatly reduced (by a factor of 104) time scale (Podgorny
and Podgorny 2013a, b, Podgorny et al. 2017, 2018). At MHD
simulations on a greatly reduced time scale, instability arose
at the photospheric boundary, caused by an unnaturally
rapid change in the magnetic field; however, thanks to the
application of the developed methods, it did not propagate
into the calculated region of the corona and did not increase
to infinity. In order to get rid of this instability, as well as to
obtain the correct development of processes in time, it is
necessary to carry out MHD simulations in real scale of time.

Since it is impossible to carry out MHD simulation in
the corona in the real scale of time on a conventional
computer for the foreseeable calculation time, it is neces-
sary to carry out parallel computations using the CUDA
technology (Borisenko et al. 2020a, b). Compute unified
device architecture (CUDA) is the system of programming
of parallel computations on graphic cards (GPU). At MHD
simulations in the real scale of time, instabilities do not
appear near the photospheric boundary caused by an
unnaturally fast change in the magnetic field at the
boundary. However, both near the photospheric boundary
and near the non-photospheric boundary, instabilities arise,
which have time to develop during a sufficiently long period
of calculation time. To stabilize these instabilities, special
methods have been developed and applied.

The physical andmethodological results obtainedmake
it possible to develop a plan for upgrading the methods of
MHD simulation in the solar corona, including methods for
stabilizing instabilities, which should make it possible to
more accurately study the flare situation above the AR.

28  Alexander Igorevich Podgorny et al.



2 Computational domain and
improving of methods for the
MHD simulation

MHD simulation is performed in computational domain
in corona above the AR × ×1 0.3 1 ( < < < <x y0 1, 0

< <z0.3, 0 1) (dimensionless unit of length is chosen
as = ×L 4 10 cm0

10 ). Y axis is directed from the Sun per-
pendicular to the photosphere, the =y 0 (X Z, ) plane is
located on the photosphere, the X axis is directed from
East to West, the Z axis is directed from North to South.
MHD simulation is performed above AR 10365 during 2.5
days from the moment May 24, 2003 at 20:48. The mag-
netic field measured on the photosphere by SOHO MDI
(http://soi.stanford.edu/magnetic/index5.html) is used for
setting boundary conditions.

The time of calculation of evolution of the field and
plasma in the solar corona above the AR is determined by:
(1) The size of the time step (at which the scheme

remains stable).
(2) The number of iterations.
(3) The time of calculation of one iteration.

These values depend on:
– Mathematical method: The type of difference scheme

(within a given type of scheme, which is absolutely
implicit and conservative with respect to the magnetic
flux) and the parameters of the difference scheme, first
of all, ordinary and artificial magnetic viscosity, which
is used mainly near the boundary (where difficulties
always arise with the correct setting of all boundary
conditions).

– The computation speed of a given processor, for us,
is, first of all, the computation speed of graphics card
(GPU) threads, which perform parallel computations.

– Algorithm for parallelizing computations, in parti-
cular, the location and transfer of arrays on the gra-
phics card, which are, in essence, copies of the arrays
of distributions of all quantities in the computational
domain contained in the main memory of the computer.

Parallelization of computations was carried out using
CUDA technology on modern graphics cards (GPU). The
modern software (Fortran PGI) was used. The methods of
optimizing the parallelization of calculations were devel-
oped including minimization of data exchange between
the memory of GPU and the memory of central processor.

For optimization of the algorithm parallelization cal-
culation, more than 20 modernizations of the code were
performed, as the result of which the speed of calculation

increases 7.5 times and became 120 times faster than the
calculation speed of a non-parallel program, in which the
same difference scheme is realized. After the performed
optimization, the computation time for one iteration on
the used grid of the difference scheme × ×135 41 135
was 0.02 s.

3 Choice of parameters of MHD
equations. Stabilization of
instabilities arising near the
boundary

The time step τ should not significantly exceed the time
from Courant’s condition τK : ( )< = / +τ τ h V VK MV MA . Here
h is the spatial step, VMV is the maximum of the velocity
absolute value, andVMA is the maximum value of the abso-
lute values of the magnetosonic and Alfven velocities.
Calculations have shown that the time step τ should be
less than τK, despite the fact that an absolutely implicit
scheme is used (apparently due to the fact that the system
of equations with cross terms and the iteration method
are used).

It was hoped that simulations in the real scale of time
would eliminate the instability near the photospheric
boundary caused by an unnaturally rapid change in the
magnetic field in the photosphere when simulated on a
greatly reduced time scale. However, as experience has
shown, due to the difficulties in matching the solution in
the computational domain with the values specified at
the boundary, a calculation in the real scale time can
lead to the development of a strong instability that has
time to develop during a long time interval, both near
the photosphere and non-photospheric boundaries. The
strongest instabilities arise at low viscosities (magnetic
and ordinary).

The problem of stabilization of instabilities arising at
the boundaries of the computational domain was almost
completely solved (Podgorny et al. 2020), for which
artificial limitation of the rate of plasma inflow into
the computational domain through the non-photo-
spheric boundary, specifying weakly varying magnetic
field components parallel to the boundary at the non-
photospheric boundary (the perpendicular field compo-
nents when using a finite-difference scheme conservative
with respect to the magnetic flux are always specified from
the condition [ ] =Bdiv 0), the setting of artificial viscosity
near the non-photospheric boundary, and other stabiliza-
tion methods were used.
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The viscosities were set in accordance with the prin-
ciple of limited simulation (Podgorny 1978), according to
which much larger or much smaller units, dimensionless
parameters remain much larger or smaller than units
when simulated without their exact preservation.

The principle of limited simulation was applied on the
basis that themagnetic viscosity in the calculated region of
the corona corresponds to the magnetic Reynolds number

=Rm 1016 (corresponds to a velocity of × /0.65 10 cm s10 ,

equal to the Alfven velocity =V πρ4A for a corona den-
sity of −10 cm8 3 and a typical field in the corona region of
300 G), the usual viscosity corresponds to the Reynolds
number =Re 104 and the Reynolds number across the
magnetic field =Re 10B

20. When choosing the dimension-
less parameters, it was taken into account that the selected
dimensionless viscosity (inverse to the Reynolds number

=

−ν Re 1) should not be less than the dimensionless grid
viscosity =ν hVgrid DimLess by more than 2–3 orders of mag-
nitude (h is the dimensionless grid step in units equal to
the size of the region = ×L 4 10 cm0

10 , for the selected
grid = ×

−h 0.5 10 2; VDimLess is the dimensionless plasma
velocity in units equal to the typical Alfven velocity

= × /V 0.65 10 cm sA
10 , in the calculations the velocities

= ÷

− −V 10 10DimLess
6 3 appear). Of course, it would be better

if the grid viscosity was always less than the specified
viscosity (in this case, the thickness of the current sheet
will be determined by the specified viscosity, not the grid),
but this cannot be done if we want a sufficiently good
fulfill of freezing-in condition at the initial stage of the
formation of the current sheet, when the plasma velocity
is still low ( =

−V 10DimLess
6).

For AR 10365, two calculations were carried out for
two sets of parameters corresponding to relatively high and
low viscosities within 3 days (Figure 1). In both calculations
near the non-photospheric boundary, to stabilize the

numerical instability, sufficiently large artificial viscosities
were taken, their dimensionless values (inverse to the Rey-
nolds numbers) are = = ÷

− −ν ν 10 10Art mArt
1 2.

In the first variant, the viscosities were taken equal
to = ×

−ν 0.3 10m
5 ( = ×R 3 10m

5); =

−ν 10 4 ( =Re 104), the
artificial viscosity near the photospheric boundary was
taken relatively high = ×

−ν ν, 0.3 10mArt Ph Art Ph
2.With these

parameters, due to the suppression of the perturbation pro-
pagating from the photosphere by the artificial viscosity, a
sufficiently intense accumulation of the flare energy does not
occur in the region; therefore, a calculation with the second
set of parameters with significantly lower viscosities was
required. The calculation results with these parameters are
given in Podgorny et al. (2020).

In the secondvariant of the calculation, a set of parameters
was selected =

−ν 10m
9 ( =Rm 109); =

−ν 10 7 ( =Re 107);
ν Art Ph , =

−ν 10m Art Ph
4, the simulation results with these para-

meters are presented in the next chapter.
If instabilities did not arise at the boundary, then,

proceeding only from the need to obtain a stable solution
inside the region, it is possible to make the following
estimate of the computation time of one day of evolution
in the solar corona above the AR. The time step from the
Courant condition ( )= / +τ h V VK MV MA in the calculations
is = ÷

− −τ 10 10K
8 7 days. To estimate the computation

time with a step τK : the computation time of one itera-
tion on graphics cards using the CUDA technology is

×

−2 10 s2 , for five iterations the computation time of
one step is 0.1 s, so that (day ~10 s5 ) the computa-
tion time of 1 day of evolution in the solar corona is

÷10 100 days. At low viscosities, strong disturbances
arise in some places of the computational domain (first
of all, in places of accumulation of energy for flares).
In the calculations according to the chosen difference
scheme, such perturbations did not cause numerical
instability within the region, as a result of which the
continuation of the calculation becomes impossible.
However, these disturbances are propagating towards
the boundary. The perturbations are so strong that, despite
setting a large artificial viscosity near the boundary, they
cause numerical instability due to the inconsistency of the
numerical solution with the boundary conditions, the
elimination of which is one of the main problems of
numerical methods for solving partial differential equa-
tions. For this set of parameters, the use of only the
introduced methods is not enough; to stabilize the instabil-
ities, it is also necessary to decrease the step (less than −10 8

days) and increase the number of iterations (in the
calculations, their number reached 60 and more). As a
result, the calculation time is greatly increased, reaching
several months.

Figure 1: Viscosity and artificial viscosity for two calculation
variants.
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4 MHD simulation results. Flare
M1.4 27.05.2003 at 2:43

MHD simulation above AR 10365 showed the appearance
of singular lines in which a diverging magnetic field is
superimposed on the configuration of the X-type mag-
netic field (Figure 2). For our purposes, it is more conve-
nient to represent the X-type field configuration (Figure 2a)
in the coordinate system rotated by ∘45 (Figure 2b). In this
system, the X and Y coordinates are directed along the
eigenvectors of the matrix ∇B represented in the coordi-
nate system with the Z axis directed along the magnetic
field vector at the point of maximum current density. The
matrix with field components in the XY plane is diagonal
for the matrix ∇B (Figure 2c), since for the Z coordinates
directed along the singular line, the components of the
third row of the matrix ∇ ∂ /∂ ∂ /∂B x B yB ,z z and its third
column ∂ /∂ ∂ /∂B z B z,x y are equal to zero (actually, in the

calculation on singular lines passing through the position
of the maximum of the current density, these values are
close to zero). The eigenvalues of the matrix ∇B determine
the configuration of the field in the vicinity of the singular
line of the magnetic field. First of all, this is the configuration
in the XY plane, perpendicular to the singular line, which is
called in Podgorny et al. (2017) the plane of the configuration
of the current sheet, since MHD simulation shows that in this
plane, the current sheet is most pronounced.

When the X-type field and the diverging field are
superimposed (Figure 2d), the magnetic lines of the
resulting field have the form =y Cxα, where = /α λ λ2 1,
λ1, and λ2 are the eigenvalues of the matrix ∇B (Podgorny
1989). If the X-type field dominates, then the magnetic
lines have the form of hyperbolas ( <α 0, λ1 and λ2 have
different signs). If the diverging field dominates, then the
magnetic lines have the shape of parabolas ( >α 0, λ1 and
λ2 of the same sign). ×j B magnetic forces in X-type con-
figuration collect disturbances into current sheet (Figure 3a)
and for diverging magnetic field cause rotation of plasma
around the singular line (Figure 3b).

Examples of magnetic field configurations with plasma
flow obtained as a result of MHD simulation are presented
in Figure 4. The diverging magnetic field can be large, it can
dominate the X-type field, fundamentally distorting its con-
figuration. However, even in this case, the presence of the
X-type configuration leads to the accumulation of perturba-
tions with the formation of a current sheet, in the magnetic
field of which the flare energy is accumulated. In this case,
even with a dominant diverging magnetic field, a sufficiently
powerful current sheet may appear (Figure 4, J Max 5, lower
left corner; and evenmore powerful current sheet in Figure 7,
J Max 4), which can lead to the appearance of not only a
weak flare but also a flare of medium power.

Most often, the three-dimensional configuration of
the magnetic field in the vicinity of the singular line is
complex (examples are shown in Figure 5), from this con-
figuration it is impossible to determine that the line is
singular. Therefore, a system for finding points through
which singular line pass is required. To study the field

Figure 2: Superposition of X-type magnetic field and diverging
magnetic field. (a) plane X-type configuration in usual coordinate
system and (b) in the coordinate system rotated by 45°, in which it is
convenient to consider the superposition of magnetic fields.
(c) matrix ∇B, its representation in chosen coordinate system
through eigenvalues, expression for magnetic lines of super-
imposed fields. (d) illustration of fields superposition

Figure 3: j B× forces for X-type configuration (a) and diverging
magnetic field (b).
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configuration in the vicinity of singular lines, we used a
specially developed graphical system for searching for
flare positions from the results of MHD simulation (Pod-
gorny and Podgorny 2013a,b, Podgorny et al. 2017). The
graphical system for searching is based on the fact that
the absolute value of the current density is maximal in
the middle of the current sheet. The positions of all local
maxima of the current density are sought. In the vicinity
of the point of maximum current density, which lie on an
X-type singular line, the configuration of the magnetic
field is investigated. The analysis of the magnetic field
configuration is carried out primarily in the so-called con-
figuration plane, i.e., in the plane perpendicular to themag-
netic field vector. This vector is taken at the point of max-
imum current density. In this plane, the configuration of the
magnetic field of the current sheet is most pronounced.

The simulation results of the first flare in AR 10365
M1.9 on May 26, 2003 at 05:34 are presented in Borisenko
et al. (2021).

Figure 6 shows the configuration of the magnetic
field in the computational domain of corona at the time
of the M 1.4 flare on May 27, 2003 at 2:43 am, which corre-
sponds to 2.24 days from the beginning of the calculation.

The current density maxima through which singular mag-
netic field lines can pass found by the graphical search
system are indicated by green dots. The positions of the
current density maxima in the region are shown, their
projections onto the central plane, which passes through
the central point of the computational region and is located
perpendicular to the photosphere and parallel to the solar
equator. A large number of the current density maxima in
the picture plane are the located close to the thermal X-ray
source. The 193rdmaximumof the current density is located
in the center of region of the source (all the maxima are
numbered in decreasing order). The 4th maximum near the
source of thermal X-ray radiation has the most powerful
current sheet. The 4th maximum of the current density is
at an altitude of 56 mM, and the 193rd maximum of the
current density is at an altitude of 60 mM. The field config-
urations near the 193rd and 4th current density maxima
(Figure 7) show the dominance of the diverging magnetic
field over the X-type field. MHD simulation showed the
coincidence of the positions of some current density
maxima with the position of the source of the flare thermal
X-ray radiation; themaximum of the current density with a
sufficiently powerful current sheet is located at a distance

Figure 4: Examples of superposition of X-type and diverging magnetic field near current density maxima situated on singular lines obtained
from MHD simulation. Magnetic field configurations and plasma flow in the plane of configuration which is perpendicular to the vector of
magnetic field in the point of current density maximum. Plane magnetic field configuration is represented by lines tangent to the projections
of the magnetic field vectors on the plane of configuration. The scale of the velocity vector is shown in dimensionless units (the unit is
typical Alfven velocity equal toV 0.65 10 cm sA

10
= × / ). Constant current density lines are presented as thin lines. The linear size of region is

0.03 (12 mM).
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of ″~10 from the source center and at a distance of ″~5 from
the source region.

5 Conclusion

Methods have been developed, without which it is impos-
sible to carry out MHD simulation in order to study the
mechanism of a solar flare, and physical results have
been obtained that make it possible to better understand
the mechanism of a solar flare.
(1) The developed technique made it possible to carry

out MHD simulation in the solar corona in the

real scale of time, the results of which made it
possible to better understand the mechanism of
a solar flare. Boundary conditions are taken from
observations.
(a) To reduce the calculation time, an absolutely

implicit upwind finite-difference schemewas devel-
oped, conservative with respect to the magnetic
flux, in order to maximize the time step at which
the scheme remains stable.

(b) The equipment and software were selected that
allowed parallelizing computations using CUDA
technology on graphics processing units (GPU).
A number of optimizations of the parallel computing

Figure 5: Field configurations near singular lines in the region with a linear size of 0.03 dimensionless units (12 mM) in the centers of which
the maxima of the current density are located. The Z axis is directed along the magnetic field vector taken at the point of maximum current
density. The plane (X Y, ) perpendicular to the magnetic field vector is the plane of the configuration in which the current sheet is best
expressed. Left column: Plane magnetic field configurations and plasma flows as on panels of Figure 4. Middle column: 3D configurations of
the magnetic field near the point of maximum current density. Right column: Projections of magnetic lines onto the plane of the
configuration.
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algorithm were carried out, including minimization
of data exchange between the GPU memory and the
central processor memory. The computational speed
has increased by 120 times, which made it possible
to carry out MHD simulations in the real scale
of time.

(c) The calculations showed the appearance of numer-
ical instabilities near the boundary of the compu-
tational domain, which have time to develop sig-
nificantly during the computational time interval,
since it becomes rather long in simulations in real
scale of time. Methods have been developed to

Figure 6: The configuration of the magnetic field in the main part of the computational domain with a strong magnetic field, where solar
flares occur, and overlaying the results of MHD simulation on the distribution of soft X-ray emission of 3–6 keV, received by the RHESSI
spacecraft during the M 1.4 flare on May 27, 2003 (http://rhessidatacenter.ssl.berkeley.edu). The 4th and 193rd maxima of the current
density are marked; other current density maxima are shown by green points. (a) Projections of magnetic lines on the central plane of the
computational domain x y z0.3 0.7, 0 0.3, 0.5( )< < < < = . (b) Plane magnetic field configuration is represented by lines tangent to the
projections of the magnetic field vectors on the central plane. (c) 3D configuration of the magnetic field in the region

x y z0.3 0.7, 0 0.3, 0.3 0.7( )< < < < < < ; the plane z 0.5( )= , in which 4th maximum of the current density is located, and the plane
z 0.44( )= , in which 193rd maximum of the current density is located, is shown. (d) Projections of magnetic lines and current density
maxima positions on the picture plane (which is perpendicular to the line of sight). (e) Overlaying the current density maxima positions on
the distribution observed of thermal X-ray emission. (f) Overlaying the projections of magnetic lines and current density maxima positions
on the distribution observed of thermal X-ray emission.
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stabilize these instabilities, including the use of
artificial viscosity near the boundary. The use of
stabilization methods made it possible to carry
out the calculation during the entire selected
time interval (2.5 days). However, for calcula-
tions with small values of viscosity (at the mag-
netic Reynolds number =Rm 109 and the usual
Reynolds number =Re 107), in order to stabilize
the numerical instabilities, in addition to using the

developed methods, it was necessary to decrease
the time step.

(2) The mechanism of the release of energy accumulated
in the magnetic field of the current sheet makes it
possible to explain the accumulation of energy in a
stable configuration and then its transition to an
unstable state, in which a rapid release of energy
occurs during a flare. The possibility of the appear-
ance of configurations of a magnetic field near a

Figure 7: Magnetic field configurations and plasma flow near the 193rd and 4th current density maxima in the region with a linear size of
0.03 dimensionless units. Plane magnetic field configurations and plasma flows (first line of panels), projections of magnetic lines onto the
plane of the configuration (second line of panels), and 3D configurations of the magnetic field near the point of maximum current density
(third line of panels) as in Figure 5.
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current sheet with a superimposed diverging mag-
netic field is shown. Such configurations were not
previously known, which made it difficult to find
places of accumulation of magnetic energy for a flare
and to carry out further work on using the results of
MHD simulation to improve the forecast of solar
flares. The results of MHD simulations above the AR
confirmed the current sheet mechanism for a solar
flare and made it possible to better understand the
configuration of the magnetic field near the current
sheet in the general case.
(a) The current density maxima appeared, located

on singular lines of the X-type magnetic field. In
the vicinity of such a line, a current sheet forms
or a plasma flow arises, which deforms the mag-
netic field into a current sheet configuration. It is
possible that the grid viscosity for the existing suf-
ficiently large spatial step (1/200 of the dimension-
less unit) prevents the formation of a pronounced
current sheet, and a current sheet could appear for
real viscosities in the places where a flow deforms
the field configuration near singular lines.

(b) In addition, for the first time in the vicinity of a
singular line a magnetic field was obtained,
which is a superposition of an X-type configuration
and a diverging magnetic field. A large number of
current density maxima arise in places where the
configuration of a singular X-type line is signifi-
cantly distorted by the diverging magnetic field
superimposed on it (the field of the mirror cell).
The accumulation of disturbance energy in such
features of the field is hampered by the rotational
motion of the plasma around the singular line
caused by the magnetic force ×j B, which is equal
to the product of the current along the singular line
and the diverging magnetic field. Nevertheless, as
calculations have shown, in such features, pertur-
bations accumulate and even current sheets
arise. Apparently, in the places of current density
maxima with such a configuration, flares of low
and medium power may appear.

(c) Comparison of the calculation results with obser-
vations showed the appearance of current density
maxima at the flare sites with a field configuration
strongly distorted by the superimposed diverging
magnetic field. Perhaps for this reason, solar flares
above AR 10365 on May 26 and 27, 2003 were not
very large.

(d) Coincidence of position of flare emission with
places on the singular lines where current sheets
are created or can be created confirms the flare

mechanism based on flare energy accumulation
in the magnetic field of current sheet.
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