N
N

N

HAL

open science

ON ELECTRON-COHERENT WHISTLER WAVE
INTERACTION AND PARTICLE PRECIPITATION
T. Abecasis, A. Moreira, F. Serra

» To cite this version:

T. Abecasis, A. Moreira, F. Serra. ON ELECTRON-COHERENT WHISTLER WAVE INTERAC-
TION AND PARTICLE PRECIPITATION. Journal de Physique Colloques, 1979, 40 (C7), pp.C7-

701-C7-702. 10.1051/jphyscol:19797339 . jpa-00219332

HAL Id: jpa-00219332
https://hal.science/jpa-00219332
Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/jpa-00219332
https://hal.archives-ouvertes.fr

JOURNAL DE PHYSIQUE

T.M. Abecasis, A.M. Moreira and F.M. Serra.

Colloque C7, supplément au n°?, Tome 40, Juillet 1379, page C7- 701

ON ELECTRON-COHERENT WHISTLER WAVE INTERACTION AND PARTICLE PRECIPITATION.

Complexo Interdisciplinar, Laboratorio de Electrodinimica, Instituto Superio Téechnico, lisboa 1,

Portugal.

Introduction

This paper describesthe results related to the
computational simulation of the resonant inter-—
action between radiation belt energetic electrons
and a coherent wave propagating in the whistler
mode.

Due to the inhomogeneity of the geomagnetic field
the electrons may be kept trapped by the field
lines, depending on their pitch angle, their move-
ment being controlled'by the field; when a wave
field is present the motion of these particles
might be affected and, as a result of the resonant
interaction with the wave, a precipitation of elec-
trons into the ionosphere may take place due to sig
nificant changes of their pitch angles. The study
of the mechanisms that lead to stimulated precipita
tion of electroms was the main purpose of the com~
putational simulation. Introdvcing a sptatially vary
ing low-amplitude model for a whistler wave we sta-
te the importance of a cyclotron resonant mechanism
by which, in a single encounter with the wave, a
particle may precipitate due to a significant de —
crease of its v, 3 this mechanism differs consider—
ably from the one that underlies cyclotron resonan-
ce with high amplitude whistlers that phase-trap
electrons (multiple resonance) and might force its
IY?' to grow, thus leading to precipitation.
Computational Model

The simulation was performed for the magnetospheric
region L=4 corresponding to the experiment taking
place between Siple (transmitter, in Anctarctic)and
Roberval (receiver, in Canada).

The geomagnetic field was simulated by a dipolar
field and the adopted values for the density of the
cold plasma electrons in the equator varied be-
tween typical values of 10 and 103 e1/cm3;the equa-
torial plasma frequency is determined by this den-—
sity value, and the gyrofrequency model was used to

describe plasma frequency variation along a field

line / 1 /.

The equations of motion of the electrons under the
simultaneous effect of the geomagnetic field ( B )
and of an injected coherent whistler wave

(Bw,w, k(z)) are:
q” =-v asing - (vl? /2B) g—g—

_ _ W . 3 B

v, = a(‘V —i—) sin @ + (YV v /2B) e

. _ a _

¢ = k(v// ’VG)+ ——V_._ (v// R ) cos @

where (a,mc) =q (Bw, B) / m, VG = (- mc) / k is

the cyclotron-resonance velocity, and @ is the

angle between -BW and v, . It was then possible to

track the particles, making use of fourth order

Runge-Kutta formulae (in the modification due to

Gill). The time step of integration was taken as
= - 1/2

h << TNL = 27m (ak vy ) .

tions were performed with constant amplitude

Early computa -

whistlers but we noted that most of the times the
final pitch angle of a particle beginning its inter
action with the wave in the northern hemisphere was
almost the same as in the symetric point in the
southern hemisphere, given the simmetry of the geo-
magnetic field and of the whistler amplitude around
the equator. So we built a spatially varying ampli-
tude model, increasing along the equator and reach
ing saturation values in the northern hemisphere
(typically Bw ~ 50 my) corresponding to experimen-
tal values of the amplitude amplification of

injected whistlers, which may reach 30 db / 2 /.
Results

We followed the cyclotron-resonance interaction
Outside this
field is

from ~6°N latitude to ~6°S latitude.
region the influence of the geomagnetic
predominant over the whistler field.

It was possible, near resonance, to check the in-
variance (variation of 1 in 10000) of the parameter
introduced by Karpman et al / 3 /,
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Depending on the initial conditioms (Fig.l,table 1)
the electrons might go through multiple or single
resonances (the resonances in the southern hemis—
phere being meaningless because of the local lower
amplitude of the whistler). In the simulations
using low-amplitude whistlers with frequencies
between 3 and 8 kHz showed that only single resonan
ces could lead to electron precipitation.

The results for three typical electrons undergoing
the interaction with a 4 kHz,B ~50 my whistler
are shown below; these particlegaxhad initially the
same v, and v, (and therefore the same o) but diffe
rent ¢ (30°, 120°,210°).

For the initial values of vy = 5 x 106 m/s,

[5] = 209 x 10" w/s, o = 9.75% at 5.7° latitude,
the following final values around latitude 6°S

(a1c~5.45°) were obtained:

Binirial { °) | [y {1067mss) v, (10%m/s ) af 9
1 30 2,92 2.56 5.00
2 120 2.80 10.31 20.23
3 210 2.91 4.23 8.26
TABLE 1
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FIG.1 Evolution oflVGI and lgblof the electrons
(1,3-single resomances; 2-multiple

resonance)
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FIG.2 Evolution of loss cone and electron
pitch angles

As clearly shown in FIG.2 only particle 1 precipi-

tated (af < alc).

Conclusion

For particles submitted to single resonances,their
pitch angle changes are mainly due te v, variations
The Doppler-shifted frequency equals the gyrofre -
quency, and thus the wave fields seen by these par-
ticles rotate with the gyrofrequency as their vy
nearly do. As long as a particle is close to a re-
sonance, which happens for a significant time inter
val, its v will be changed by the continuously cu-~
mulative action of the wave electric field upon the
particle. It is easily seen (FIG. 3) that if

(vy 'Ew) > 0,(0 < ¢ <), vy will decrease and if
(vL . Ew)< 0, (-7 < § <0), v, will increase.

In the case of multiple resonances, although vy
oscilates, the associated particle trapping leads
to a decrease of ,zy|for electrons approaching the
equator, and thus to a growth in pitch angle.

Since the adopted amplitude model leads to detrapp-
ing near the equator, in this case there is no pre
cipitation. Note, however, that different amplitu
de models could lead to different conclusions. We
must emphasize that, according to the adopted model,.
only singly resonant particles can precipitate when
low amplitude whistlers are considered.

Another important result of the computation was to
suggest a simplified analytical model of the cyclo-

tron resonant interaction near Y” = V_; integration

G
of the equations of motion can then be simply per—

formed. Work along these lines will be the object

of future comunications.

FIG. 3

Relative position of
particle velocity and
whistler fields.
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