On ion heating by the decay of large amplitude Alfvén waves
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By means of hybrid simulations, we present a study on ion heating by the field-aligned decay of Proton distribution functions Velocity phase space
a monochromatic left-hand polarized Alfvén wave. The comparison made among different
spatial dimensions proves that the three-dimensional simulation exhibits more efficient
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heating. Plasma is heated parallel to the mean magnetic field by the damping of the ion =0 Q|o

acoustic waves while being heated perpendicular by the cyclotron resonance and damping of o Dsetp oDt Dselp

protons by the Alfvén daughter waves. The parametric decay and the pitch angle scattering | ©
mechanism are both involved in broadening the entire proton velocity distribution in directions ) )l | > | ! | B eyt o SR
peprendicular to the mean magnetic field. The left-hand circularly polarized Alfvén pump wave Bl |3 00 IS * e 30: 10,2600

with forward propagation does perpendiculary broaden one side of the particle velocity R\ Lo W IR\ | e

distribution while the backward propagating Alfvén daughter wave enlarges the other side, Ry _o.;o/o e s os e 09 o © g

respectively. — rrr v v

As an application in the solar wind context, the antisunward part of the core component of the S N AT S o°
proton velocity distributions is controlled by the sunward-propagating waves driven by the T=300 Qp_1 950 100 190 200 250 R
parametric decay. 1D setup 20 setup 3D setup
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close to the linear saturation of the decay
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* Field alighed and oblique parametric instabilities well V:\/(V“_Vph)z.,.vi

studies from multi-dimensional MHD, and 1-D, 2-D PIC | T=600 Q '

simulations. wm-kva / dauight P Proton distribution functions
* 3-D hybrid simulations are missing. @ Nencer. 0 e o MDsetwp . Dsetp o Dsetp represented as contours levels (solid
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field aligned instability is less known in great details N =\ different times. The dashed lines
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(former 2-D MHD studies by Ghosh&Goldstein 1994). describe the locus (VJV ) of the particle
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pump o W /v conserved in the wave frame. Vph is the
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phase speed of the Alfvén wave.

Comparison with spacecraft observation

Parallel and perpendicular ion temperatures
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Sketch of the wave vector couping of the field Schematic representation of the wave
aligned pump wave (k ) and the two daughter resonance conditions for: (a) decay

waves (k and k) in the 3D setup. instability and (b)  modulational
instability (Hoshino and Goldstein 1989).
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kV,/Q, kVa/Q, By comparing the wave modes and the proton velocity distribution functions for the 1D, 2D, and

3D systems, we conclude that plasma is heated more efficient in the 3D setup.
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