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At the nearest future it is necessary:
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Coincidence of position of the current
sheet obtained by MHD simulation with the
observed position of the source of thermal
X-ray emission during solar flare is the
independent evidence that the mechanism
of a solar flare is an explosive release of
magnetic energy stored in the current
sheet.
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The graphical system
of search of current
sheet positions is
created to compare
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Parallelizing of
X iterations during
MHD equations solving
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values transfer near
boundaries in MPI system
Analogically it is possible to parallelize solving of Laplace
equation A@=0 to find of initial potential field and finding of
boundary conditions of MHD equations



The firs results of real time simulation of active region
after all modernizations of numerical methods show that
to calculate during several days the active region
evolution during one day it is necessary to have
supercomputer which calculates 100 times faster than

modern personal computer (double core processor 1.6
GHz).

To use the simulations for improving the solar flare
prognosis the simulated evolution must be faster than
real active region evolution, so it should be used
supercomputer 104 times faster than personal computer.
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Initial potential magnetic field
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On the net corresponded to conservative relative to magnetic
flux finite-difference scheme for solving MHD equations

[rot|B=0 [div|B=0

2 methods of AgDm =0 solution :

1. AgDm =0 directly by iterations

2. By relaxation of diffusion equation —gomquom
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In the PERESVET program:
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e Finite-difference scheme is upwind for diagonal _ !
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e The scheme is absolutely implicit, it is solved (ztu)ﬁ; j VM ((ztﬂ)ﬁ; (z,)ﬁ,)
by iteration method (AtV,/Ax<1 is not necessary).

e The scheme is conservative relative to maanetic flux [divB1=0
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Other methods: s+l
¢ Explicit finite-difference schemes ST
e Often Godunov type (Riemann waves) w’=w; }, (W W’ )

eThe special methods are used to obtain high order

approximation (FCT, TVD)

¢ Also Lagrangian schemes with further recalculation by interpolation on each
step.

e Some schemes are also conservative relative to magnetic flux [divB]=0, but with
symmetrical approximation VxB.
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The principal difference between the numerical
methods implemented in the  program
PERESVET and others. The main goal is to build
the mostly stable finite-difference scheme.
Stability must remain for maximally possible step
At, to accelerate calculations maximally. The
scheme must be stable even, if the Courant
condition (AtV, /Ax < 1) is violated, which is
reached only for implicit schemes. But here
there is no purpose to achieve high precision of
approximation of differential equations by finite-
difference scheme.



The numerical 3D simulation in corona above active
region. The system of MHD equations for
compressible plasma with dissipative terms and
anisotropy of thermal conductivity is solved.

B rot(V x B) — Lmt[ﬂ rotB]

&t Re, o

ep :
P —div(Vp)

AV 1

= (V,V)V - V(pT)— (erotB)+—,f_\.v+G G

ot 2p yo, Rep

or _ 210
— =~ (V.T-(y-DTdivV+(y-1) """ _(1otB)(y-1) G, pL (T )+
ot Re,cfp

-1 ..
t %le(EH% (e, VI) +epx (e, VI + eu’fu;(euavﬂ)

The PERESVET program
MAIN PUBLICATIONS:

AL Podgorny solarPhys. 156,41,1995. = developed
A.l. Podgorny, I.M. Podgorny

Solar Phys. 139,125, 1992 Cosmic Research 35, 35,1997
161, 165, 1995 35,235,1997
182,159, 1998 36,492, 1998
207,323, 2002

Astronomy Reports 42, 116, 1998 45, 60, 2001 48, 435, 2004

43,608, 1999 46, 65,2002 49,837, 2005
44,407, 2000  47,696,2003 52, 666, 2008

) 54, 645, 2010
Comput. Mathem. Mathematical Phys 44, 1784, 2004




B IH GAUSSES
B<-158
m -158<B< -58

27-85-2003 20:47:59
Fd_H_96m_01d.3789.0013.fits ™
B_O = -1.1818

-LO<{B<

158<B

--=- REGION IN PICTURE PLANE

B from calculated potential field for observed By, ¢

| B<B< 58
mm  58<B< 158

COMPUTATIONAL DOMAIN IN CORONA

]
Y

ABOVE ACTIVE REGION

Y- axis directed
from the

Sun

X

X Z (Y=0) -is

the photosphere
plane

Cross-section Z=const Nonphotospheric

Y

3D MHD eqations
are solved

boundary:
B, from divB =0
B, from 3j/0n=0
X apfan={]

Photospheric boundary:

site

B, from divB = 0; p=const; dV/On=0; ¢ T/On=0

T dViOn=0
dT/On=0



Now our aim is:
To find solar flare mechanism directly by
MHD simulation in real active region.

Earlier:
Hypothesized the mechanism of the
solar flare, which is then tested.



Examples of alternative models of the
solar flare

CME-FLARE ASSOCIATION DEDUCED FROM CATASTROPHIC MODEL OF CMES

Lin 2004

T. TOrOK AND B. KLieM 2005

To our mind it is difficult to explain appearing of
the rope.

In any case to verify the validity of these models
it is necessary to perform presented here MHD
simulations for real active region.
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Electrodynamic model of solar flare

Igor M. Podgorny using results of
measurements on the satellite
as = a8 Intercosmos-Bulgaria-1300

Alfven waves

f\ . \
hnec |
: ;{Aléx ‘ v

DOUBLE
ELECTRIC , y <
LAYERS M

0.21

POST-FLARE
LOOP

X - RAYS
H

o

VAN *>») \PEDERSEN CURRENT
S ]1:' o N

™
\M-\
u,
v %




CURRENT SHEET INSTABILITY
¥ 10

p — B|| + p 1
S 8m 2
dDy 5 B 5 g el T i
Ps & —Dy Ap, 4 DBH + lkai—lm/m + 2 (E =53
dVini - . Pusl("iuu Y B,
prlsT =t 1ir|llfg'l-" . P:Ep: DBI?
ff ns
L = —piA— Dypy+ Vi 22t
D _,p p_ Y Vm) oy Be
7 2Dyh — Dy (A+ 7 Fa'*’)-l_l"”b:;’KB
MAXIMAL INCREMENT OF CURRENT SHEET
INSTABILITY:

Vg e e b (Ren et 2]+ KoRen 22 (2) "~ 25 /B

CONDITION OF CURRENT SHEET INSTABILITY “Ymax > 0
HAVE A FORM:

5 oy B L 1
Re,, — < = K
e Ps Pr I{B 2 ( B )




B S. I. Syrovatskii 1966
\\\37 A. Bratenahl, W. Hirsh 1966
> = 4 < 1\
Of —m AT T———
= € T —
>/>\\< e

g > -
JXB\L Singular X-type
<€ line
=Y
3D magnetic p
lines
a3 " ..'Ei"‘
: _ *'\ : N
Slngular/ :
X-type Q\
line N S

¥

‘a=v_/V. ; v_=c*/4nc N,



f arcaece )

SOLAR FLARE OCCURS IN THE SOLAR CORONA ON 3 - 6 kabB
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SOLAR FLARE MODEL, MHD SIMULATIONS
AND COMPARISON WITH OBSERVATIONS

A.l. Podgoryl, I.M. Podgorny?
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