
  
  

Magnetic reconnection is one of basic plasma 
processes commonly observed in various natural 
systems such as solar corona, earth magnetosphere, 
fusion devices, and so on. It is widely believed that 
magnetic reconnection in each system is controlled by 
common and/or similar physical processes, regardless 
of big differences in magnetic configuration and   
temporal-spatial scales. Although there exists strong 
guide fields in fusion devices, which is consider to 
alter microscopic physical processes, its role in 
magnetic reconnection is not clear. In order to clarify 
the influence of a guide field on collisionless driven 
reconnection, we have carried out several simulation 
runs with different guide fields while keeping other 
simulation parameters the same [1], using “PASMO” 
code [2,3]. 

An initial condition is one-dimensional equilibrium 
with an antiparallel magnetic field along the x-axis and 
a uniform guide field along the z-axis as: 
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where P0, Bz0 and B0 are constant, and 
00  ,1.2( iiL  : ion Larmor radius evaluated using 

B0) is a scale height. An external driving flow supplied 
from upstream boundaries compresses the current 
sheet. When the current layer width becomes as thin as 
ion kinetic scale, magnetic reconnection occurs and 
reconnected magnetic flux is carried away towards the 
downstream region by fast reconnection outflow. 
Figure 1 shows the spatial profiles of the z-
components of ideal and non-ideal terms for electrons 
along the y axis at quasi-steady state for the case of Bz0 
= 2.0B0. The off-diagonal pressure tensor term 
becomes dominant within a particle meandering scale 
(lme) in the vicinity of reconnection point (y=0) and 
sustains the reconnection electric field. These results 
are the same as those in the previous simulations with 
no guide field. This result suggests that the 
meandering orbit effect plays a key role in triggering 
collisionless reconnection even for a strong guide field.  

 Figure 2 shows the temporal evolutions of energy 
conversion rates to ions and electrons for no and 
strong guide fields. As soon as magnetic reconnection 
sets in (at cet=600), the electromagnetic (EM) energy 
is rapidly converted to both ion and electron energies. 
In the presence of the guide field, the energy 

conversion rates is suppressed to a lower level both for 
ions and electrons. This result corresponds to the fact 
that the dissipation region shrinks and the number of 
the unmagnetized particles decrease in proportion to 
the meandering scales as the guide field is amplified. 
Furthermore, it is interesting to note that the EM 
energy is dominantly converted to the ion energy 
regardless of guide field, which rate is 2-3 of the 
conversion rate to electrons.  

       Fig. 1. Spatial profiles of the z-components of 
ideal and non-ideal terms in force balance equations 
for electrons at a quasi-steady state. 

   Fig. 2. Temporal evolutions of energy 
conversion rates to ions and electrons for no and 
strong guide fields.   
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Using 2D (two spatial coordinates and three ve-
locity components) relativistic electromagnetic particle
code with full ion and electron dynamics, we have stud-
ied ultrarelativistic electron acceleration by an oblique
shock wave and formation of collisionless shock waves in
a magnetized plasma.

(1) Electron acceleration by an oblique shock wave
A magnetosonic shock wave propagating obliquely

to an external magnetic field can trap and accelerate
electrons to ultrarelativistic energies when vsh is close to
c cos θ, where vsh is the propagation speed of the shock
wave, c is the light speed, and θ is the propagation angle
of the shock wave. Because of instabilities driven by the
trapped electrons and nonlinear development of the in-
stabilities, electromagnetic fluctuations along the shock
front grow to large amplitudes1). These fluctuations can
cause detrapping of electrons from the main pulse re-
taining their high energies. The electrons detrapped to
the upstream region can then be further accelerated to
higher energies as a result of their gyromotions2).

Fig. 1: Dependence of electron motions on the param-
eters vsh and θ

We have investigated the dependence of electron
motions on the parameters vsh and θ using 2D electro-
magnetic particle simulations 3). The upper panel of Fig.
1 shows the maximum γ of electrons, γm, at ωpet = 4500,
as functions 〈vsh〉 = vsh/(c cos θ) for θ = 46◦ (red), 54◦

(black), and 64◦ (blue). If θ is fixed, electron energies be-
come maximum when vsh is slightly smaller than c cos θ.
If the value of vsh/(c cos θ) is fixed, the maximum energy
of electrons tends to increase with decreasing θ for the
range vsh/(c cos θ) < 1. The lower panel of Fig. 1 shows
the increment of γm, ∆γm, from ωpet = 3000 to 4500.
This increment is caused by the subsequent acceleration
after detrapping. The comparison between the two pan-
els shows that the maximum γ is caused by the subse-
quent acceleration. We have also examined the number
of electrons that are detrapped to the upstream region
and then suffer the subsequent acceleration. The num-
ber also becomes maximum when vsh is slightly smaller
than c cos θ.

(2) Formation processes of collisionless shock waves
Particle simulations have revealed that a magne-

tosonic shock wave can rapidly accelerate particles with
various mechanisms 4). However, formation processes of
shock waves have not been fully understood. We study
shock formation due to interactions between exploding
and surrounding plasmas and evolution of modified two-
stream instabilities using a 2D electromagnetic particle
code 5).

After the exploding ions penetrate the surround-
ing plasma, a strong magnetic field pulse is formed near
the front of the exploding plasma. Because of modi-
fied two-stream instabilities, 2D electromagnetic fluctu-
ations grow to large amplitudes in this pulse. At Ωit � 1,
where Ωi is the ion cyclotron frequency, the pulse starts
to split into two pulses. These pulses then develop into
forward and reverse shock waves. We performed sim-
ulations for various values of the initial velocity of the
exploding plasma and of the angle between the velocity
and the external magnetic field. We then discussed the
parametric dependence of the time for a strong magnetic-
field pulse to start to split into two, the amplitudes of
the generated pulses, and the properties of 2D magnetic
fluctuations 6).
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