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Electron accelerations at super-high Mach number shocks: 2D PIC simulations
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Plasma kinetic processes at collision-less shocks have been investigated and recognized as important for injecting electro
towards so-called the diffusive shock acceleration mechanism. The shock surfing acceleration is one of the prominent mech:
nisms that can quickly accelerate the electrons at the leading edge of the shock foot region by DC electric fields. The underlyin
mechanism of the shock surfing acceleration is the plasma kinetic process between the reflected ions and the incoming electrc
that leads to the excitation of Buneman instability.

We have examined electron acceleration mechanisms at high Mach number shocks by means of two-dimensional PIC sim
lations with a large ion-to-electron mass ratio. We found the electrons are effectively accelerated at a super-high Mach numbe
shock (MLA"30 in the shock-rest frame). The shock surfing acceleration is an effective mechanism for accelerating electrons
toward the relativistic regime even in two dimension. An additional acceleration by the strong electric fields at the shock surface
further energized the pre-accelerated electrons up to gamma ~ 9. These two step accelerations are found only in the super-hi
Mach number shock with a low upstream electron betandition.

The conditions of the electron shock surfing acceleration toward the relativistc regime have been derived from one-dimensione
arguments [Cargill and Papadopoulos; 1988, Papadopoulos, 1988]. These simple estimations still hold in the present twc
dimensional simulations. While all our simulation runs satisfies the unstable condition of the Buneman instability, the shock
surfing acceleration was observed in two simulation runs which also satisfied the trapping condition of accelerated electrons b
the excited electric field. A similar aspect holds in recent two-dimensional PIC simulations with different parameters from our
simulation runs [Umeda et al., 2009; Riquelme and Spitkovsky, 2011].

Exception is also found in a high begacondition. In this run, the Buneman instability was destablized in the foot region.
However, its peak amptitude is not so large that electrons can be escaped from the trapping region before reaching the relativis!
regime. A similar exception was also found by Kato and Takabe [2010]. Although their linear analysis revealed that the foot
region in their simulation result was destabilized by the Buneman instability, the resultant energy spectrum showed a Maxwelliar
like what we see in the present study. These results indicate that we cannot simply understand the high eleetsimblzta
tions from the linear and quasi-linear theories of cold plasma, and detailed analysis of the saturation mechanism of the Buneme
instability with finite electron temperature effects is necessary.
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Reformation at low-Mach-number perpendicular shocks
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Large-scale two-dimensional full particle-in-cell simulations are carried out for studying periodic self-reformation of super-
critical perpendicular shocks. It is confirmed that the structure and dynamics of shocks are affected by the coupling betweel
ripples and microinstabilities at the shock front. The shock reformation is absent when electromagnetic instabilities such as th
modified two-stream instability are dominant at the shock foot. Electromagnetic whistler mode waves excited by the modified
two-stream instability couples with the shock-front ripples, resulting in strong scattering of reflected ions at the shock front. On
the other hand, the shock reformation is persistent when there is no microinstabilities or electrostatic instabilities are dominant ¢
the shock foot. However, the reformation period is modified essentially due to the shock-front ripples because reflected ions ar

less scattered at the shock front.
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Test-particle analysis of electron scattering in the Saturn’s inner magnetosphere by net
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Cassini observations revealed that Saturn’s moon Enceladus ejects ne@rfibhh its southern pole with temporal variabil-
ity [e.g., Hansen et al., 2006]. This volcanic activity, so-called 'plumes’, leads to the electromagnetic coupling between Saturn’s
ionosphere and plasmas around Enceladus. The coupling causes auroral activities around the footprint of Enceladus [Pryor et ¢
2011]. They reported that observed field aligned fluxes of electrons and ions are sufficient to brighten the footprint aurora ob:
served by EUV onboard Cassini. On the other hand, an electron precipitation into the atmosphere through pitch-angle scatterir
also causes auroral emissions. The dominant physical process controlling the activity of the footprint aurora is still controversial
In the present study, for the quantitative evaluation of auroral emissions caused by the pitch-angle scattering through elast
collisions between magnetospheric electrons ay@ particles, we have developed a spatially one dimensional test-particle sim-
ulation code along a dipole magnetic field at Enceladus (L = 3.95). We assume that the initial velocity distribution of energetic
electrons at the magnetic equator forms a velocity distribution with a loss-cone. An interaction between an electron and a back
ground neutral cloud is solved by the Monte-Carlo method using differential cross sections of elastic collisiop® fokeH
show a result of the variability of precipitating electrons and estimation of the expected brightness of auroral emissions.
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Simulation study of whistler-mode wave propagation in the dipole coordinate
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In the Earth’s inner magnetosphere, whistler-mode chorus emissions are observed mostly on the dawn side and are enhanc
during geomagnetically disturbed periods. Chorus emissions are narrow band emissions observed in the typical frequency ran
of 0.2 to 0.8 ¥Omega with a gap at the half ¥Omegg where ¥Omegg represents the electron gyrofrequency at the magnetic
equator. Components of emissions in the frequency range lower and higher than 0.5 ¥Qmnegespectively called the lower-
band and upper-band chorus emissions. The gap at 0.5 ¥Qglegs been understood by the difference of the propagation
characteristics of whistler-mode waves of frequency higher or lower than 0.5 ¥Qgneagagating along the field aligned
ducts of enhanced/depleted plasma density [e.g., Bell et al., 2009]. The difference of the characteristics of upper-band an
lower-band chorus emissions has been explained by the different propagation properties of whistler-mode waves of differer
wave frequency. For the discussion of the properties of whistler-mode wave propagation in the dipole magnetic field, we have
developed a simulation code with a dipole geometry.

In this presentation we show initial results of the simulation of the whistler-mode wave propagation in the inner magnetosphere
We assume the wave source of monochromatic whistler-mode waves in the equatorial region of the magnetosphere. By assumi
a cold plasma density distribution with a spatial gradient in both latitudinal and radial direction in the dipole magnetic field, we
study the difference of propagation properties of whistler-mode waves of different wave frequency.
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Response of earth’s magnetosphere to IMF rotation

oo ot
IWADACHI, Atsushi'*

l0oo0o0oooOooooooo
!Solar-Terrestrial Environment Laboratory

000030000000 MHDOODOOOOOOOOOOIMFO ByD BzOOOOOOOOOOO00000000O
000000000000000000000000000000000000000000000 200100000
000000000000 100000 (nx,ny,nz)=(900,400,800) 0 000000 dx=dy=dz=0.1R&€I 0000000
O0000MHDOOOOOOOOO0O0OOOOOO0O0000000000000000000000000000000
0000000 100/ccd 000 300km/§1 000 20000K0 00000000 IMFBy=-10nTO 000000 yzOO
00100 100000000000000000000000000000000000000000000000
00000000000000By0O0OOOODOO0O0O0OOOODO0O00O0O0OO

O00oo:MHD,0000O0OO0O0,00000000O0,000000O0O0O0O0O,00,00
Keywords: MHD, simulation, Magnetic reconnection, Kelvin-Helmholtz, current, vorticity

1/1



	PEM26-P01
	PEM26-P02
	PEM26-P03
	PEM26-P04
	PEM26-P05
	PEM26-P06
	PEM26-P07
	PEM26-P08
	PEM26-P09
	PEM26-P10
	PEM26-P11
	PEM26-P12
	PEM26-P13
	PEM26-P14
	PEM26-P15
	PEM26-P16
	PEM26-P17

