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Vlasov-Hall-MHD simulation of modulational instabilities of quasi-parallel Alfven
waves
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Vlasov simulation is a method to solve time evolution of a plasma by directly time advancing the distribution function in
the position-velocity phase space. Unlike conventional PIC (particle-in-cell) simulations using finite humber of particles, the
Vlasov simulation is free from thermal (humerical) noise, and thus is advantageous in analyzing fine details of nonlinear plasm:
phenomena. We have developed a new Vlasov simulation code (1-d in space, 3-d in the velocity space), which is particularl
suited to study basic properties of nonlinear evolution of magnetohydrodynamic (MHD) waves in the solar wind.

We examine long time consequences of modulational instability of the solar wind Alfven waves using the newly developped
Vlasov-Hall-MHD simulation code. The modulational instability basically is the side-band wave instability, in which the parent
and the daughter waves (generated along the same branch as the parent wave) exchange wave energy via their modulatio
guasi-wave. If the plasma is fluid-like, i.e., when the electron temperati®en temperature, the process forms a positive
feed-back when the plasma bethand the parent Alfven wave is left-hand polarized (LHP), or bétand the parent wave is
right-hand polarized (RHP). On the other hand, it has been shown analytically that introduction of ion kinetic effects substantially
modifies the instability criteria. When the ion to electron temperature ratio is moderate to high, the LHP rather than the RHP
Alfven wave becomes subject to the instability even when the plasma betdsing the Vlasov-Hall-MHD code, we made a
series of simulation runs using different combinations of the ion and the electron beta, and discuss the stability of the system witl
respect to the modulational instability. Long time consequences and ion acceleration will be reported as well.

0000000000000 MaxwellDOOOOOOO VlesovDOOOOOOOOOOOOOOOODOOOOOOODO
gooooooooboboboooooooboboboooooooooboboooboooooobDoboboboooo
gooboooooboooboooboooboobooooboooobooooobooobbooooobooobooobobooboOooobooon
O0000ooOo0o00oOoO000ooo0o0UoOoOo0o0OooOoOo0U0oOOOoUOooOOOoOOoOoOoooOoOoOOg Viasov
oooOoOoO0oOOOOOOOOOOOOOOOViasov-Hal-MHDOOOOOOOOOOOO

000000000000 0O0O00O0O00oOO AfvenI0O0000O0OO0O0OOOOODOOOOOOOOOOOOO
gooooooooboboobooooooboboboooboooooobobOoboOooboobooDoboboboooo
obooooooboobobooooooobooboboboooooooooboboboboooooobOobobooooon
gbooobOobooboobobooooobooooobOoobobooobooboooooboooo

00000 Viasov-HalllMHDO O O OQoOOOOOOOOOO0O0OOOO0OOOQOOOO0O0OOOOO0OO0O0OoOOoOoooooo
OOAfven0 000000000000 0OOOOCO AfvenO00O000000O0OO0OO0OO0OOOOOOOOOOOOOOO
goooooooooobobobobooooooooooboboboboobooboooDoDobDOobobbooboOoo
goboooooboooobooooom@ooooooooooboooobooboobDoooobDOoooDobLbOoD
coooooooboooOoooooboboooooooooooOoDbooooDo0obboOooDOopOobOOOoOoDOOOO
ocooopooOO0O0O00OOOO0O0ODOOOO0O0ODOOOO0ODOOOO0O0OOO00OODOOOODOOOODOOOOO
boooooooboobobboooooboooboobobobobooooooooboobOoboooooboooboooboon
O000O0pO000OO00OO0O0OOOO0OOOOVIasov-Hall-MHDOOOOOOOOOOODOOODOOOOOOOOOO
goocooooooobooobooooooboooooboobooooooooobooboooDobobobooDboo



