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Kinetic Alfvén waves (KAWs) are dispersive Alfvén waves with perpendicular wave-

lengths comparable to the ion gyroradius or the electron inertial length. The KAWs can

play an important role in plasma heating, particle acceleration, and anomalous particle trans-

port, and have been extensively applied to various active phenomena of plasma. Therefore,

the wave characters for the KAWs in various astrophysical and space plasmas have been

an interesting subject with extensive attentions. In this thesis we study in depth nonlinear

wave-wave interaction processes of the KAWs in various plasma environments, and focus on

the nonlinear growth rates of the KAWs caused by these wave-wave coupling processes.

In this thesis, we first study the local nonlinear wave-wave coupling among three KAWs

in different plasma beta conditions, where Q ≡ me/mi is the electron-ion mass ratio and

β is the kinetic-magnetic pressure ratio of the plasma. Our results show that: (1) in the

inertial region, the reverse decay, where the pump wave decays into two reversely propagating

KAWs, is stronger than the parallel decay, where the pump wave decays into two KAWs

propagating in the same direction; (2) in the aspect of the wavelength change, the decay rate

of the pump wave into the shorter-wavelength daughter waves is higher than that into the

longer-wavelength daughter waves, implying that the decay process develops mainly towards

exciting small-scale waves; (3) in the kinetic region (Q ≪ β ≪ 1) and the high-β region,

the nonlinear growth rate decreases with β, but increases with the ion-electron temperature

ratio Ti/Te.

Secondly, we study the non-local coupling of small-scale KAWs with large-scale Alfvén

waves (AWs) and convective cell. The results show that: (1) in the inertial region of β < Q,

the decay occurs in the way of “AW → KAW1 + KAW2”, but in the kinetic region of β > Q,

the coupling occurs in the way of “AW + KAW1 → KAW2”; (2) the modulation instability

of KAWs can excite the electrostatic convective cell in the inertial region of β ≪ Q and the

magnetostatic convective cell in the kinetic region of Q ≪ β ≪ 1.

We finally discuss the coupling between KAWs and high-frequency whistler waves

(WWs) and the three-wave coupling among WWs. The results show that: (1) the de-

cay process of “WW → WW + KAW” can effectively excite KAWs, and the excited KAW

can propagate parallel or antiparallel to the pump WW; (2) the three-wave coupling process

of WWs occurs in the way that the long-wavelength pump wave decays into the short-

wavelength waves, and it is dominated by the reverse decay.

The results of this thesis show that our results can explain the excitation of two

reversely-propagating electron fluxes in the Earth’s auroral zone, the generation of KAWs

in the solar atmosphere, and the production of WWs propagating towards the Sun in the

interplanetary space.


