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INTRODUCTION PIC SIMULATIONS EXPANDING BOX SIMULATIONS

e The magnetosheath plasma, flow- IMF bow shock Simulation parameters are: In the case of a slow expansion, when there are no waves present in the sys-

ing around the magnetosi)heric tem, the first and second adiabatic invariants would be conserved, based on CGL
cavity, exhibits large-scale inho- Ly = L. = 32di,ny = n; = 1024, mcen = 200, 4p =25, 4c =2,y = 1,0 =1 condition,
mogeneities. These large-scale . . 1 . J

These results show the dependence of electron whistler instability saturation . : . . pL
processes lead to plasma com- Solaerd . in fullv kinetic simulat First adiabatic invariant: — — > —(— ——> T, xB
pression expansion depletion rate to mass ratio in fully Kinetic simulations. dt *nB
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particle temperature anisotropy. &
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the quasi-perpendicular portion N !
of the bow shock is characterized k\\
by T'y > T} which leads to gener- =

ation of low frequency waves.
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Proton cyclotron waves are observed in low 3, regions whereas mirror Ty oc 1/ L(2)

waves are observed in high 3, regions. These waves are usually ob-
served near the marginal stability of the corresponding instability in the

(B, Ty /Tp)) parameter space.
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Proton cyclotron instability has larger growth rates compared to the mirror 2] |
instability. Mirror modes are frequently observed in the magnetosheath. 22 |

It is suggested that electron anisotropy can enhance the mirror instability 20]

MARGINAL STABILITY PATH IN PARALLEL EXPANSIO
Simulations start with L, = 64d;, L, = 32(1 + t/t.)d;, t. = 222(2;1, B =

growth rate while leaving the proton cyclotron instability unatfected, there- 19 =
fore, proton mirror mode can suppress the proton cyclotron mode. e g Byz and they end with L, = 64d; which is 2 times larger than the initial length.
14| Initially, the simulated system evolves almost adiabatically and becomes strongly
Electron anisotropy Tc, > 7| creates electron whistler instability and unstable with respect to the proton cyclotron, mirror modes and electron whistler
electron mirror instability. Electron whistler instability has larger growth Lo instability.
rate compared to the electron mirror instability in a typical magnetosheath 08
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e comparing the simulation result with linear dispersion solver:

We see that electron whistler instability starts to isotropize the electrons dif-
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l’r - w .-, ferently for each mass ratio. In the case with m,/m. = 400, electrons become
i - isotropic very quickly while in lower mass ratio case, electrons reach to higher
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eor _ / ] 471 anisotropy values until electron whistler instability starts growing.
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gions that proton cyclotron insta-
bility has to be dominant based on
linear dispersion relation.

Protons follow the adiabatic path until proton cyclotron and mirror instability
can grow. The instability that has higher growth rate, becomes dominant and
protons follow the marginal path of the stronger instability.

Electron anisotropy enhances the
mirror instability growth rate
while leaving proton cyclotron ] oL " _ _ " ]
instability almost unaffected ac- | | kd, | | 2 | | oo | |

cording to linear dispersion rela-
tion. Te1 /Ty =2, Be = 1.

CONCLUSIONS

e Electron distribution becomes isotropic before proton instabilities can grow,
because electron whistler instability grows much faster than proton cy-
clotron or proton mirror instabilities.
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e In expanding box simulations, electrons become anisotropic same as pro-
tons but electron whistler instability starts growing quicker than proton
instabilities and keeps electron distribution close to equilibrium.

Does electron anisotropy help the mirror instability to suppress the proton

cyclotron instability? NH 03824




