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Fig.1 Change of kinetic entropy versus time in chaotic and periodic motion (left) and variation of chaos-induced resistivity and

classical collision resistivity versus the mean free path (right)!
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Fig.2 The Lyapunov exponent of the single particle (left)[39] and the change of the local maximum Lyapunov exponent of

multiple particles in different chaotic region radii (right) versus time[“°!
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Fig.3 The first row: three typical orbits; the second row: the magnetic moment of the particle (thick line) and the distance

between the particle and the magnetic zero (thin line) versus time for each orbit; the third row: the Lyapunov exponent of the

particle corresponding to each orbit versus time
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Fig.4 The average acceleration (left panel), the relative escape rate (middle panel), and the effective collision frequency (right

panel, vegr) versus the guide field in the different acceleration electric field[4°]
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Fig.5 The average velocity of charged particles in the direction of the electric field (left) and the number of charged particles in

the chaotic region (right) versus time
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Fig.6 The average acceleration a, the relative escape rate 3, and the effective collision frequency v/, versus the chaos region

radius R./ R for the fixed guide field B, = 0.5B, in the X-type magnetic configuration[®”!
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Fig.7 The three chaos regions under the double Y-type
magnetic configuration are Y-type, S-type and O-type chaos

regions from top to bottom, respectively[37].

FT 1 MREIFDFIAMa = 0.0001, 0.0005F00.001 K F I B AIEINER v AR LN IR S & HAlER HAYEL

%neﬂ"/ncal (37)
Table 1 For given acceleration electric field M = 0.0001, 0.0005 and 0.001, the average effective collision

frequency 7. and the ratio of the chaos-induced resistivity to the classical Spitzer resistivity 7cm/7cal

are shown in the tablel?”]
Ma Dege Neft [ Teal
0.0001  0.0005  0.001 0.0001 0.0005 0.001
unmagnetized  0.01789  0.02585 0.03835 2.41 x 10° 3.47 x 10°  5.15 x 10°
Atvpe magnetized  0.04105 0.05504 0.11460 5.51 x 10°  7.39 x 10°  1.54 x 107
unmagnetized  0.00205 0.00624 0.01175 2.75 x 10°  8.38 x 10°  1.58 x 10°
Ytvpe magnetized ~ 0.00234 0.00637 0.01594 3.14 x 10° 8.55 x 10°  2.14 x 10°
unmagnetized 0.00146  0.00427 0.00906 1.96 x 10> 5.73 x 10> 1.22 x 10°
Stpe magnetized ~ 0.00206 0.00461 0.00999 2.77 x 10°  6.19 x 10°  1.34 x 10°
unmagnetized  0.00110  0.00324 0.00784 1.47 x 10°  4.35 x 10°  1.05 x 10°
O-tvpe magnetized ~ 0.00143  0.00211 0.00345 1.92 x 10° 2.83 x 10°  4.63 x 10°
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Fig.8 The average acceleration «, the relative escape rate 8, and the effective collision frequency v/, of three chaos regions

versus the chaos region radius R;/Ry in the double Y-type magnetic configuration!
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chaos-induced resistivity to the classical collision resistivity in the corona are given under different
parameters of the magnetic island. The last column in the table gives the ratio of chaos-induced

resistivity in the X-type region to that in the O-type region
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Chaos-induced Resistivity in Collisionless Magnetic
Reconnection Region

WANG Zhen'?3  CHEN Ling? WU De-jin?

(1 Institute of Space Physics, Luoyang Normal University, Luoyang 471934)
(2 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
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AsstracTt Collisionless magnetic reconnection, which converts the magnetic energy into the kinetic
energy of plasma particles via the heating or acceleration, has been believed widely to be able to explain
various eruptive phenomena such as solar flares and geomagnetic storms. However, the microphysical
mechanism of anomalous resistivity in the collisionless magnetic reconnection is still an unsolved funda-
mental problem. Among the many physical mechanisms of anomalous resistivity formation, chaos-induced
resistivity based on the chaos of the charged particle orbits near the magnetic neutral point is not the most
popular formation mechanism, but its microscopic physical picture is the clearest. This paper first briefly
reviews the early research and physical model of the chaos-induced resistivity in collisionless magnetic re-
connection region, introduces the recent research progress of the chaos-induced resistivity, and expounds
the future research direction of the chaos-induced resistivity.

Key words magnetic reconnection, anomalous resistivity, chaos-induced resistivity, Sun: coronal mass
ejections (CMEs)
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