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Fig.1 Initial current density and magnetic field, the color scale is current density along the z-axis Jz,
solid lines are magnetic field lines. Characteristic parameter Ly = 1.4 X 10® m, By = 50 Gs,
Tn = 7.21 x 10% K.
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Fig.2 Initial density and magnetic field of different times in case 3 and the color represents density, solid
lines are magnetic field lines. The time of (a) to (f) is ¢ = 28, 80, 150, 309, 440, 524, respectively.
Characteristic parameter py = 1.67 X 10712 kg~m_3, Ly = 1.4 % 10% m, By = 50 Gs, Ty = 7.21 x 10% K.
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Fig.3 The position of principal X-point (PX-point) and M, in the case 2 (left) and case 3 (right). (a),
(b) indicate the position of PX-point; (c), (d) show the M with time.
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Fig.4 The position of PX-point and M, in the case 1 (left) and case 4 (right). (a), (b) indicate the
position of PX-point; (c), (d) show the M, with time.
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Fig.5 The ratio of additional diffusion to physical diffusion with time. (a) is for case 2 with a illustration
of 0 < t < 180 inside it; (b) is for case 3 with a illustration of 0 < ¢t < 120 inside it.
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Fig.6 The ratio of additional diffusion to physical diffusion with time for a excerpt of 50 < ¢t < 150 in

case 4.
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Fig.7 Magnetic energy and energy spectrum of different times in case 3. Panels (a) and (b) with the
time of ¢ = 80; Panels (c) and (d) with the time of ¢ = 309. The solid lines in panels (b) and (d) are the
fitting lines with indexes of 2.31 and 2.17, respectively. The turning point in panel (d) is k = 421, the
dotted line is the fitting line with an index of 1.51 before the turning point.
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Fig.8 Kinetic energy and energy spectrum of different times in case 3. Panels (a) and (b) with the time
of t = 80; Panels (c) and (d) with the time of ¢ = 309; The solid lines in (b), (d) are the fitting lines with
indexes of 1.88 and 1.23, respectively.
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Fig.9 Magnetic energy and energy spectrum when ¢t = 613 in case 2 and ¢t = 489 in case 4. Panels (a)
and (b) for case 2; Panels (c¢) and (d) for case 4. The turning points of panels (b) and (d) are k = 426
and k = 481. The solid lines in panels (b) and (d) are the fitting lines with indexes of 2.35 and 2.24 after

the turning point, respectively.

(1) F 75 A 0 2 ) 73 3 4 AR UL 2R 00 i i EE IR R 0 K/ AN K (H 2 X 46
i LA IS 18] P AR . ke Ve Bor R, 2R et il DUBR ™ AL WA BE &, Bt N AR
BB ARG E IR AR BUIE N AR B, I A A e 2 A R A
HIFATT, (R AR E I IR KN SRR AT RIRIEAK;

(2) BT “BAMFERL RARK L Wi Spitzer FEALZ AT HIHAB D R 3 BRI FERL, &
FA I B AR O BT 7 A AR A B AR B AR e, — BLIX
PIE R E e, BUE BRI B DR AR LE BT AR (KT b T T O TR I, AS [ ) 22 1)
IR BUEFERO™ 42— 2 IS, 70 9 A IS S ekl . BRI 42 S
B2 B /o A BORR AR 52 B i SR . 24 R Geii b AR LRI BE, Bl L 45 4 F) I
e, LA T A ARZ PR AN i R B L S, TR TBOR H UL F P O FE RO, JF e 8RN

14-15



62 & X X %= K 2

Pl EELIR 3 00 25 I . AN TR 7V OR B SM B I 2T S AN K

0.5F (a) t = 449 1 107%F
o
SE
Y ‘
& 107
]
0.3
s g
2 RS
g 0.2
£
0
<
= 01 1078
0.0
" " " 10*6 . . . .
0.0 0.5 10 1.5 2.0 1 10 100 1000
YILN Wave Number &
T 107!
t = 337 {
=5 10
|
B 107°F
1=
£ g 107f
= ru
b= 10°F
£
g 10°°
=
' 107F
. . 108 Lo . . .
10 1.5 2.0 1 10 100 1000
YILN Wave Number &
T 107!
t =268 |
=5 10
|
B 107°F
1=
2 g 107F
= ru
b= 10°F
£
g ] 10°F 1
=
107F 1
. . . 1078 Lo . . .
0.0 0.5 1.0 1.5 2.0 1 10 100 1000
YILN Wave Number &

B 10 Hl1. 2. 39t=449. 337. 268 [IHERER/NFIGRERE A, HAE(a). (b)AHEHFIL, E(c). (d)NHEFI2,
E(e) (£)NFHFI3. E(b). (d) (f)FHIFEEI SN HINE=406. 427. 464, FIr/ERIREEIEE 582,29,
2.89/12.85.

Fig. 10 Magnetic energy and energy spectrum when ¢t = 449 in case 1, t = 337 in case 2, t = 268 in case
3. Panels (a) and (b) for case 1; Panels (¢) and (d) for case 2; Panels (e) and (f) for case 3. The turning
points in panels (b), (d) and (f) are corresponding to k = 406, 427, 464, and the solid lines in panels (b),
(d), and (f) are the fitting lines with indexes of 2.29, 2.89 and 2.85 after the turning point, respectively.
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Turbulence Diffusion and Energy Spectrum Analysis
of Large-scale Current Sheets in Flares
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(2 University of Chinese Academy of Sciences, Betjing 100049)
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AgstracT Magnetic reconnection (MR) is one of the most important physical pro-
cess for many dynamical phenomena in the universe. Magnetohydrodynamical (MHD)
simulation is an effective way to study the potential mechanisms related to the MR. In
this paper, we investigate the influence of Magnetic Reynolds number and numerical
resolution on the reconnection rate, numerical diffusion and energy spectrum. We have
found that magnetic Reynolds number has some impact on the reconnection rate and
energy spectrum distribution. The characteristic time for engaging into the non-linear
phase will be earlier as the Reynold number increases. When it comes to the tearing
phase, reconnection rate will increase rapidly. On the other hand, magnetic Reynolds
number R, affects significantly the Kolmogorov microscopic scale Iy, which becomes
smaller as R, increases. Additional dissipation is defined as combined effect between
numerical diffusion and turbulent dissipation. We find that the additional dissipation
is dominated by numerical diffusion before the tearing mode instability takes place.
After the instability develops, the additional dissipation rises vastly, which indicates
that turbulence can enhance the diffusion. Through the spectrum study, the energy
dissipation might take place at the macroscopic MHD scale.

Key words Sun: magnetic fields, magnetic reconnection, magnetohydrodynamics
(MHD), dissipation
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