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New physical problems

future space
experiments

observations, laboratory and
numerical modeling



Some new observational problems

» A) Observations of the primary energy release
In solar flares

» B) Studies of electric currents in active regions
(FECONNECHGNIGIRCUIENTS)

» C) Observations related to the new methods of:
flare predictions



1. A) RHESSI: The first quantitative evidence of

reconnection
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How can we
observe the
super-hot
turbulent-
current layer
(SHTCL,
Somov, 2013) ?




Super-Hot (Te >/~ 100 MK) Turbulent-Current Layer
(SHTCL)

Powerful heating of electrons results from wave-
particle interactions



What does follow. from the theory?

Thermal and non-thermal HXR
emissions from the corona can be
interpreted involving a reconnecting
super-hot turbulent-current layer

as the source of flare energy

Reconnection and Flares,

What has to be understood?

Heat-transfer problem - Predictions for
observations (Classical and relaxed heat
conduction)
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[Ipo6sieMa rnepeHoca Tensa

B CrIOKOMHOM MEPEXOAHOM C/I0E MEXAY.
KOPOHOW 1 XpoMocdhepon (BHE BCHbILLKN)

[MPUMEHNMA 06bIYHad CTOIKHOBUTENBbHAS
TENI0NPOBOAHOCTb.
[loknaa
[ITnubiHa O.B., ComoB b.B.,
«TeyeHnd nnasMbl B MNEPEXOAHOM CIIOE...»




Reconnection creates flares

the specific properties of a SHTCL
are important

» Collisionless reconnection with
wave-particle interaction inside the SHTCL

» Particle acceleration in 3-component magnetic
field plus electric field

» Non-classic heat transfer
» Reverse-current electric field



1. B) Studies of electric currents

In active regions
X X X



Interaction of two coronal loops
in the M7.9/1N flare on 2006 April 27
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TRACE 195 A images: Left panel — start of the flare,
Right panel — max of the GOES soft X-ray flux.
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Magnetic fields and electric currents in an AR, depending on

their physical properties

Magnetic field
Potential Non-potential
component component

Smoothly-distributed
electric currents
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What is a role of distributed currents in solar flares?



A couple of distributed currents J1 and J2 are involved in the
classic topological model of a large-scale magnetic field
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S1 and S 2 — separatrices (domes), X — separator,
L 1 and L 2 — current-carrying magnetic-flux tubes.
How do the currents interact? How do they reconnect?

FP2 (L2)




Reconnection of Electric Currents

In general, the reconnected currents are not equal
among themselves

Their topological disruption creates an electric field

Henoux and Somov, 1987, Astron. Astrophys., 185, 306



Reconnection of an Electric Current Topological disruption
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The initial state is mainly potential but contains a loop
of new emerging flux with a current J

The pre-reconnection (pre-flare) state with a RCL

The final state after reconnection of magnetic field
lines and field-aligned currents J’

Somov, Plasma Astrophysics, Part I, Reconnection and Flares,
Springer SBM, New York, 2013



Properties
of
reconnection of electric currents

Reconnection changes the inductive energy
of a current system and its inductive time

scale

A part of flare energy can be attributed to a
change in the current pattern but not to a
current dissipation

ComoB b.B., O MarHMTHOM nepecoeanHeHNN 3NeKTPUYECKUX TOKOB
B COJIHEYHbIX BCMbiwKaxX, lMcbMa B ACTPOH. XYpH., 38, 149, 2012



The M7/1N flare on 27 April 2006

The mutual induction coefficient
Li2 ~ (1.2 —3.4) x 10”10 cm

The interaction energy of the coronal electric currents
Wiz ~ 1.6 x 10731 erg
Ji~ J2 ~ 10711 Ampere
the distributed currents
do contribute significant energy. to the flare, they

observable in the photospheric magnetic
field



1. C) Observations related to the new methods
In flare predictions



Topological Trigger
of
Llarge Eruptive Solar Flares



Barnes, ApJ, 670, L5353, 2007

The presence of a coronal null is
an indication that an active region
IS more likely to produce
an eruptive event




Topological
e L Trigger

evolution of magnetic
Selllgers leads to a
slslchange of the coronal
leld topology

Coronal null Xc quickly: moves
along the separator and



Reconnection and Topological Trigger

» Reconnection changes a topology: of field
liINes (step by step) UL
of the field in an active region

» [opological trigger is a
of

T

Topological trigger




Structure of magnetic field in the corona
before a trigger




Change of the magnetic field structure in
the beginning of trigger




—
o
ol0)
a0
o =i
—
2
(-
@)
o
010
©
+
]
s
-
o v—{
[




Criterion for the existence of
magnetic null at the separator in
the corona

I'c,=sign (4,(X1) A, (X2))>0,

where X1u X2 are the null points at the
separator footpoints.



[ The Topologically Critical State ]
of coronal magnetic fields
has to found before a flare
by using photospheric magnetograms

Even minor changes in the magnetic-source
characteristics can lead to drastic changes in
the topology of large-scale magnetic field.

AR NOAA 10501 on 2003 November 18 was
very close to the
at 08:00 UT.



KakoBa Hanbosiee TunnvHas reoMeTpus

3D MarHUTHOro nepecoeAanHeHns ?
CwMm.
CTEHAOBbIVI AOK/AaA 23,
AymuH HO.B., CoMoB b.B.



2. New physical problems:
A) To future space experiments



The accurate quantitative model
of propagation of accelerated

electrons in solar flares The kinetic equation

takes into account

T p JeemTFIe B Coulomb collisions of

v the accelerated
electrons with thermal
electrons and protons
in the corona and
chromosphere.
The electric field of a
|- 1 T, reverse current

TF

determines the beam
dynamics.

[ D+2D |

Somov, Gritsyk, 2012, Moscow Univ. Physics Bull., 67, 102
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[pyublk 1.A., CoMmoB b.B.,
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2. B) Fundamental theoretical research



New Analytical Models
of
Magnetic Reconnection



Two classic models of
y .
U e
@ Current layer by
RC | DC RC e
Syrovatskii:

0 X" X
direct current (DC) and
m return currents (RC) inside
thin current layer

Petschek Flow:

compact diffusion region
D and 4 attached MHD
slow shock waves of
infinite length




[IHaMmueckas posib 06pPaTHORO TOKa

B (hM31KE HEPABHOBECHbBIX MarHUTOCMHEP
KOMMAKTHBIX PEASTUBUCTCKUX OOBHEKTOB.

CwMm.
CreHAoBbIN aokman 33
be3poaHbix C.V., CoMmoB b.B.




Resistive MHD Simulations
of Reconnection



Reconnection of open magnetic field lines
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Our new analytical solution

Thin current layer of the Syrovatskii type
with attached discontinuous MHD flows of
length

A character of flows is prescribed but
determined from a self-consistent solution

Global structure of magnetic field and local
properties of the field near current layer and
discontinuities



Magnetic field lines




Generalized
analytical model

Magnetic field
lines in the
vicinity of a
disrupted current
layer with
attached
discontinuous
MHD flows
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Bezrodnykh, Vlasov, Somov, Astronomy Lett. 37, 113, 2011




The MHD approximation of a strong magnetic field is very
good in reproducing the large-scale structures in the corona,
its flows and density:

dv dA dp ,
AA=0, EXVAz(), — =0, —+divpv=20.

dt - Ot

Here the scalar function A(zx,y,t) : A = {0.0, A(z,y,t)}
for the field B = rot A.

CucteMa ypaBHEHMN B YACTHbBIX NPOU3BOAHbBIX
CBOAUTCS K cucTeMe 0bbIKHOBEHHbIX
anddepeHumnanbHbiX YpaBHEHNM




[loknaj
KonecHukoB H.[I1., bespoaHbix C./., ComoB b.B.,

TeueHns mnasmbl B6AN3Y MEPECOEANHSAIOLLERO
TOKOBOIO C/104:

NPUBAVKEHNE CUIEHORO MOJIS.
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