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• Our preliminary results show, that there are two basic mechanisms of acceleration - acceleration caused by DC resistive
field and acceleration caused by ’turbulent’ nature of magnetic field within the cascading current sheet.

• Eres is responsible for acceleration of electrons to higher energies (E > 5 keV), whereas turbulent magnetic field
accelerates electrons mainly to lower energies (E < 5 keV).

• In the future, we plan to investigate the role of individual regions and processes responsible for electron acceleration in
a detail. We also plan to extend our simulations by including larger spatial scales.

Conclusions

•We identified two accelerating mechanisms. Electron acceleration caused by DC resistive electric field and stochastic
acceleration due to the ’turbulent’ nature of magnetic field within the current sheet.

• The turbulent magnetic field (even with Kres = 0) accelerates electrons to low energies E < 5 keV.

• The magnitude of the DC resistive field is influenced by the choice of the factor Kres ∈ (10, 103). The resistive DC fields
are responsible for acceleration of particles to higher energies E > 5 keV. Kres thus influences the energy distribution of
non-thermal electrons.

Summary of results

Figure 13: Acceleration of individual electrons within
the current sheet for Kres = 100. Changing colours
of electron trajectories code their instant kinetic energy.
Grey lines show the initial magnetic field.

Figure 11: Particle trajectories with colour coded particle
energy for Kres = 10 (Turbulent mode). Grey lines show
the initial magnetic field.

Figure 12: Particle trajectories with colour coded particle
energy forKres = 100 (Resistive mode). Grey lines show
the initial magnetic field.

• In Figure 11 typical trajectories for Kres = 10 are
shown. Acceleration in turbulent magnetic field dom-
inates here.

• In Figure 12 typical trajectories for Kres = 100 are
shown. Acceleration in resistive DC field dominates
here.

• In Figure 13 trajectories of selected few particles ac-
celerated above 5 keV (for Kres = 100) are shown.
Both types of acceleration are relevant.

Electron trajectories

• Two simulations performed:

– with 105 TP but less detailed integration – statistics
– 104 TP with detailed integration – trajectories of individual particles studied

• Results for Kres = 10.

– Electron acceleration efficiency: NE>103.5 eV/N = 1.27%
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Figure 5: Final electron energy distribution (for Kres = 10).
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Figure 6: Final electron energy distribution (for E > 1 keV
and Kres = 10).
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Figure 7: Distribution of energy gain per electron vs initial
pitch angles (for Kres = 10).

• Results for Kres = 100.

– Electron acceleration efficiency: NE>103.5 eV/N = 2.18%
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Figure 8: Final electron energy distribution (for Kres = 100).
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Equation y = a + b*x

Adj. R-Square 0,96264

Value Standard Error

A Intercept 9,36846 0,41196

A Slope -1,78108 0,10113

Figure 9: Final electron energy distribution (for E > 1 keV
and Kres = 100).
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Figure 10: Distribution of energy gain per electron vs initial
pitch angles (for Kres = 100).

Statistics

Simulations

Figure 2: Density profile at the start of simulation. Verti-
cal red dashed lines show the region of test particle gen-
eration.

Figure 3: Temperature profile at the start of simulation.
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Figure 4: Initial electron energy distribution.

Figure 1: Conductive electric field at the start of simula-
tion for Kres = 100.

• Current sheet time evolution: 2.5D MHD simula-
tion of cascading reconnection (Bárta et al. 2011)
scaled towards dissipative scale of magnetic recon-
nection (∼ 10 m) (Fig. 1, 2, 3), space dimensions
∼ (6 × 104, 7 × 103, 6 × 104) m, evolution time
∼ 3 × 10−4 s.

• An important aspect of our model is that it covers only
the smallest spatial scales of the fractal cascade of plas-
moids. Large scale current sheets in flares comprise
a large number of such structures.

•MHD simulations performed in dimensionless units -
results converted to SI units (Bárta, private communi-
cation).

• E, B interpolated to current particle position and time
using linear interpolation. Convective electric field
Econv is kept perpendicular to B during interpolation.

• Conductive electric field Eres (Fig. 1) depends on
anomalous resistivity (Büchner et al. 2006), according
to kinetic simulations of solar flaresKres ≈ 10−1000,

T0 = 2 × 106 K , B0 = 0.04 T , LA = 6.0 × 105ζ m ,

η0 = 0.01Kres
jc

ncS

1

ε0λieω2
piLA

1

ηmax
,

Eres =
η0B0

µ0LA
j ,

where T0, B0, LA are initial temperature, field,
current-sheet width in MHD model, ωpi is ion plasma
frequency, η0 is scaling factor for resistivity computed
in region with ηmax, λie is proton to electron mass ra-
tio, n, j are local dimensionless density and current
and ζ = 1/3000 is down-scaling factor to dissipative
scale.

• Algorithms: Switching between relativistic GCA (e.g.
Northrop 1963, Gordovskyy et al. 2010) and full-orbit
pusher (Hyman 1997, Vay 2008), periodic BC.

• Test particles: Electrons with initial energy given by
a shifted Maxwell distribution corresponding to local
electron temperature + bulk drift velocity (Fig. 3), gen-
erated randomly along the current sheet in a vertical
band (width 400 m i.e. 5% of the simulation box width
– see red dashed lines in Figure 2). Number of gener-
ated particles is weighted using the local density profile
(see Figure 2).

• Timesteps:

– For GCA:

∆tGCA =
1

5

Lc

v
,

where Lc is size of MHD data cell.
– For F-O (fraction of gyroperiod):

∆tF−O =
1

20

2πγm

|q|B
.

The total time spent on full-orbit during a single run
is

tF−O = min(∆tGCA, 1000∆tF−O(0)) ,

so particle goes through approximately 50 orbits.

• Switching conditions:

– GCA step is performed when all following condi-
tions are fulfilled

∆α <
π

4
,
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10
B
rL

|∇B||| < 1
10
ωLB
v||

⇒
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10

∣∣∣ qB2

γmv⊥

∣∣∣ ,
|∇B||| < 1

10

∣∣∣ qB2

γmv||

∣∣∣ ,
where ∆α is difference between old and new pitch
angle of particle, rL Larmor radius and ωL gyrofre-
quency. Otherwise F-O algorithm is used.

– Before the full-orbit pusher is used, particle is
moved from it’s guiding centre (GC) to it’s real po-
sition (using randomly rotated vector around B). At
the end of F-O run, the velocity of particle is aver-
aged over the last orbit (to treat the influence caused
by E × B drift) and the particle is moved back to
GC.

Model desription

Abstract
The aim of our research is to study the mechanisms and efficiency of electron acceleration in the coronal current sheets using test-particle approach. In our work, we compute particle trajectories
using the relativistic Guiding Centre Approximation (GCA) method combined with the relativistic full-orbit (F-O) algorithm, to treat the regions where GCA fails, in the precomputed time-
dependent electromagnetic fields obtained from MHD simulations. At the present stage, an acceleration in the reconnecting current sheet with fractal topology (Bárta et. al. 2011) is investigated
using two various scales of resistivity. We present preliminary results where we identify the main regions of particle acceleration in the coronal current sheet with fractal topology.
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