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"[._9 Computer Simulation on {oharaent Honlinear Whistler Ianteraction

Yoshiharu Omera and Hiroshi Matsumoto
lanosphere Resecarch Laboratory, Kyoto University

Coherent nonlinedr whistler interaction 15 one of the most fntersting processes 1in space
plasma. A typical manifestatfon of the coherent nonlinear whistler f{nteraction is the well-kKnown
Triggered Emissions{1E)}. 1In order to Investigate generation mechanisms of the TE, we performed a
self-consistent computer simalation using a Long Time Scale{LT$) algoritim in which 2 whistler
mode dispersfon relation is a priori assumed for wave phase determination without solving tha
equatfons of motion of the cold plasma. Computing motions of 36000 rasonant electrons in the wave
field, and updating the wave fleld by resulting resomant current, we can fallow a self-consistent
evolution of the nonlinear {interaction. The wave amplitude and frequency is governed by the
following equations derdved by the Maxwall equations.

e W L 20 w1 2 ki
- =y L m— Y ey R
st a2z 2 °0°F st 0 oaz & 09 ats,

where Jy and Jp are rasonant currents parallel and perpendicuiar to the wave magnetic field,
respectively. Ke consider a region near the equator where trapping of resonant aiectons fs
possibla. The geomagnetic fleld is approximated by a parabelic magnetic field. A finite ampiitude

monochromnatic wave, fnjected dnto  (a) (b}
the region, causes phase bunching of T g T 1@
resonant electrons. The resulting PR SORY W W | e e 11
resonant current induces damping or 1.6 Sttt MW“““—.
growth of the wave amplitude and ::h-""__'i :: _._,.._:._ X
chinge in frequency simultaneously. %.“M—" _ﬁ;“ ——
An example of the simulatfon results o N — o =
{s shown in the follawing figure. 0 S al =
Detafled explanation and discussion :r‘ ) :E -
will be presented at the session. . E" b ! '5 “
Within the framework of the present {c}
LTS simulatin, both amplitude and T¢ T
frequency change are successfully B e Jos i [ndt Jos
observed tut the frequency change ::b""""*l - ’-‘L -
s not so0 specutacular as fn the PR ; :_:...-......_..-n_._
natural TE.  However, Interesting  Jy ol er———— - Jy s TR
features of the roles of trapped M e m:
and untrapped electrons are revealed. ::} - - ::"— _

M!-_ ™ N e s e

Z 2

Simulation Results: Have Amplitude{a), Frequency{h}
and Correspanding Resonant Currents{c}.
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Hiroshi HMATSUMOTO! and fwane Kimura2
l.Ionosphere Research Laboratory 2.Dept. of Blactrical Engineering

Kyoto University
§ ABSTRACT

Correlationa of bath artificially triggered and natural VLF emiszions with
energetic electrons are axamined for data abtained by the EXOS-B/SIPLE Station
Joint Experiment [ Kimura et al.,1979, 1980a,b .

§ CORRELATION of NMATURAL VLP EMISSIONS #ith ENERGETIC ELECTRONS
%

Qutside the plasmapause, a good carrelation is observed between natural VL#
chorus with a banded frequency structure below the eguatorial half-cyclotron fre-

quency and g¢lectrons in an energy range from 85 eV to 600 eV with high pitch angle
anisotropy with an enhanced flux in the 90° pitch angles.

§ STRONG PITCH ANGLE ANISOTRODY {SPAAY

On aix passes out of total 48 passes during the summer campaign, an interest-
ing shift<up of énergy of electrons which show the strongest pitch angle anisotropy
wag obgerved on the inbound path ¢rossing the plasmapause at the equatorial plane.
Corresponding wave characteristics are not generally the same on these six passes
Soari pough the flux and anisotropy of energetic electrons show almost the same

:E:ﬂ:l variation. Detailed comparison of these data will be shown in the poster
n.,

§ AMPLIFICATION of SIPLE SIGNALS correlated with SPAA

AN amplification effect of the Siple signalg ia seen when tha SPAA is present
in the énergetic electrons in the ran;ﬂ from 0.5 keV and 7 keV. The Siple pulseg
disappeareq almost coincidentally with a termination of the SPAA aven though tha
Siple pulges were still baing transmitted. In some ¢ases, side banda of the Siple
81gnals are sean when the pitch angle anisotropy is highly enhanced.

3 COBRSLATION OF SIPLE TRIGGERED EMISSIONS with ENERGETIC BLECTRONS

Triggered emissions were cbserved only in a limiced period from Aug.ld to Aug,
18 right aftaer a big storm occurred on Aug. 13. During this perfod, the EX0S-B VLP
raceiver pieked up the triggered emissions on five passes out of nine passesa [ see,
Rinura et ai,, 1979, 1980a,b 1. Two cases were observed on the equatorial passes,
while the other thrae pasgses ave on high latitude { 40°N) passes.

On the equatorial passes, the electron flux assaciated with the Siple trigger-
ed emisaiong ig high in all energy channels from 0.5 keV to 7 keV. One interesting
polnt 1s ehat flux 1s higher only in factor of magnitude than those on the other
days when no triggered emiseions were obsarved. Another notifving point is that
the flux dses not show anisotropy but almost fsotropic.

On the high latitude pasdes, the eguivalent flux at the equatorial region
on the same field line, estimated with an assumption of magnetic invariant and a
dipole magnetic field model, is less in factors than those on equatorial passes,
if we asgume the isotropic piteh angle distribution at the eguatorial region,
However, if we asgume a small amount of pltch angle anigsotropy at the equatorial
Eegion, the estimated flux becomas comparable or even higher than those obgserved
on the equatorial passes. Therefora, we may weall conclude that & nacessary
condition for triggering of emissions by the Siple signals is a high electron
flux in the enargy range from 0.5 keV to about 1) Kev. It 1is, however, noted
that the high £lur is not sufficient condition for triggering because wa have
one example in which a high electron flux comparable to triggering cases 1a assen
without accompanied with triggered emissions from the S8iple signals., Detailed
discussion will be glven in the poster session,

Reference

Kimﬂfﬂ, I.., B. Hﬂ.tﬂumtﬂ; T H“k«ﬂi; KRa Hﬂﬂhlmﬂtn; R. A. HEII’.H'EJ.].' T. F. Bell ¥
« S, Inan and J, Katsufrakis, papers presented at SENDAT Sympoaium,1979,
Kimura, I., H. Mataumoto, T. Mukail, K. Hashimoto, T. F. Bell, U. 8. Inan, R, A,
Helliwell and J. Katsufrakis, paper presented at COSPAR 1in Budapast, 1980,
Kimura, I., H., Matsumoto, T. Mokai, K. Hashimoto, M. Morikera, T, F, Bell, U, 5.
Inan, and R, A. Helliwell, to be submitted &o J. Geophys. Rea., 1980.
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Riser Emiasions Observed in Mid-Latitude by ISIS Satellites

B OB B A% 3 & B H o B ok $ o
™ I O ® A
4. Ondoh, 8. Watanaba, ¥. Nakamurs and T. Murakami

Risear enissions were ocbserved at invariant latitudes around 54° by ISIS satellites.
The freaquency of the risar smissions increasas from about 9 kH2 to about 18 kHz in
2.5 gaconds. The time change rata of the riser frequency is 3.5 kHz/s which is
comparable te 2.0 kHz/s of the Auroral Kilometric Radiation and ia larger than that
of the chorus emissions, The xiser emissions with frequency above 9 kHz occurred
inaide the plasmapause in the recovery phase of geomagnatic substorms.

This suggests the Doppler~shifted ion cyclotron emissiona from energetic protons
precipitating from the equatorial ring current as the source of the zrisar emisalons.
Because the elactron cyclotron freguency at tha top of the geomagnetic fileld line of
L = 2,9 gtarting from invariant latitude S54° ig 37 kHz which 1ls greater than the
riger freguency. Also, the moving source excitation mechanism ( df/dt = 4f/ds.V)
applied to the AKR can not giva the riger frequencies between 9 kHz and 18 kHz since
the characteriastic frequencias of the magnetoapheric plasma such as the elactxon
plasma frequency, EP and the electron gyro-freguency, fya along the field line of
L = 2,9 are graater than the riser frequencies, although the time change rate of the
riser emigsions ara comparsble with that of the AKR.

The preciplitating protons with energy of 14 keV can radiate the Doppler-shlifted
cvelotron emissions of 9 kHz at altitude of 6000 km {geomagnetic latitude of 35°) on
the £iald line of L = 2.9 where fﬂez 173 kHz, the proton gyro-frequency. fﬂi- 94 Hz
and fpn i80 kK2, and they also radiate the Doppler-shifted cyclotron emissiona of
18 kiz at altitude of 2000 km { geemagnetic latitude of 47.6°) on the ganme field line
whera fra~ 641 kiHz, £g,= 350 Hz and an 636 kHz.

The Doppler-shifted proton cyclotron emiesions may propagate in the L-mode at speed
of about 1500 km/s which iz almost equal to the speed of precipitating energetic
protons, V, , since the refractive indices of the proton cyclotron waves are about 200
at the abhove two points. Therafora, the riger emissions observad inside the
plasmapause may be explained by the Doppler-shifted cyclotron emissions of energetic
protons precipitating from the eguatorial xing current in the recovery phase of the
magnatospheric substorms.

The hottom panel shows tha f£-t spectrum of tha riser amissions received at Kashima
atation, RRL from the ISIS=-2 at 2356 UT {0849 1L} on Nov. 27, 1972 (altitude of 1368
km and invariant latitude of 547). The transit time of 14 keV proton between the

oYy T pﬂinEF is 2.6 seconds which is close to the obsmarved rige tima.
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1_3 3 Subatorm asaociated magnetic pulsations,Pi bursts,
observed at synchronous orbit

44 ¥ and R.L.McPherron

(F4K-=) (UCLA}

Substorm associated magnatic pulsations,Pi bursts, have been observed
in space by the UCLA fluxgate magnetometer on ATS~6,. We hava axamined Pi burats
detacted during Septenber and October, 1974 by using digital powar spectrzl
and coherency analyses on individual and statistical basas.

Characteristics of Pi bursta observed at synchronous orbit are summarized
as followa:
1) P1 bursets are detected mainly at night., The most probable occurrence time
is 19 = 03 LT.
2} They are usually simultaneous with Pi2 geen at midlatltude ground stations.
3) They are divided into three main typaes:
A) A 100 gecond irregular oscillation in all components with superimposad
high freguency oscillations(20 ~30 saconds).
B) A 100 second irxregqular oscillation unaccompanied with high frequency

agcillations.

€) A 100{and/or Jonger) second quasi-sinusoidal transverse{east-wast)
oscillation.

A and B types Compressional oscillations

Ctypa = =—caae pure trangverse oscillation

4} Dominant pnrind-nf P12 component occurs around 100 seconds,
Longexr period (200 seconds) --<- Quiet magnaetic conditions
Shorter poriod(60-80 seconds) -~ Disturbed conditicne.
S) Ellipticity of polarization of P12 component
Quiet and modarate magmueti¢ conditions
Left~handed polarization in premidnight
Right~handed polarization in postmidnioht
Such a tendency becomes unclear with increase of magnetic activity.
6) Orientation of prinecipal and wave normal axes,
Principal axis;
Polar angla -===-= 0% - 907 with raspect to the dipole axls.
Azimuth angla ---- westward in premidnight
eastward in postmidnight
Wave normal
Polar angla ===m=-=- 30° = 40° with respect to tha dipole axis
Azimuth angle ~=~= 209,160° with respect to the radial {outward) axis

In addition, Pi bursta occur closely relataed to the distinctive substorm-

associated phenomena at synchronous orbié,such as a development of field-
aligned current and a rapid recovery to a more dipola-like field configuration.
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Some fundamental properties of auroral electrons with Fig. 1
enargies greater than 40keV were measurad by a series of e "
gaven sounding rockets lamched from Syowa Station,Antarctica, e
during the TMS pariod 1976-78 (Pig.l). The pavlcad congisgts '
of a set of propartional counter and plaestic scintillation
oomtey oovaring soveral fixed snergy intervals. Measurementsa
under different conditions of ackive aurora were carried out
four times in altitude rangs 70 to 220 km. Tha chssevabion
results ave discussed in comparison with those given by the
other three quiat-time meisuranents, in terms of altitude
profile, pitch angle distribution and energy spectoum.
Principal characters of behaviar of enargetic alectrons based on the comparative stixlies are
sanmarized as follows
a. Intensity-altitude profila

1. At quiet tima, the flux remains nearly in constant in higher altitudes greater than 120 km,
giving the background £lux of 103/cw?.sec.sr ey at 40-60 kav range and of 10/an.sec.ar . keV
at B0=170 ke range.

2. At disturbed time, the maxime flux is found around 120 Jao in altitode, showing the
enhancements of 105/cn’.sec.st.keV of greatar and 102/cn?.sec.sr.ke at 40-60 kat! and
80-170 kaVv ranges, respactively.

3. The electrons having pltch angle near 90° have most dominant dependence against altitode.

b. Pitch angle distributicn

1. At quiet time, the pitch angle distribution shows a peaked flux at pitch angle near 90°,
ragardless of energy and altitads,

2. Bt disturbad time, the peak position in the pitch angle distribution exists in near 60°
at 120 km or less in altitnde and it ashifts toward the lower pitch englea with increasing
altitude and/or with anhancement: of amiroral disturbance.

€. Enargy spactoum

1. At quiet tima, the exponent of the powar law spectrun is fourd in 4 to 5 and is kept almost
in constant against altitude.

2.  Thea exponent becomss saomdat larger at smaller pitch angles, by a factor of 1 for the
pitch angle range foom 90° €0 30°,

3. At disturbed time, tha expoent is enhanced up to 7 to 8 at near 120 km in altitude, and
it tends to 4 to 6 abova and below there, with some pitch angle dependence.
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