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Beam Driven Hybrid Waves and Anomalous Doppler Effect

C. T. Dum*

Magz-Planck-Institut fir extraterrestrische Physik
P.0.Boz 1603, 85740 Garching, Germany

e Observations: Auroral electron beam — auroral hiss; ion '

conics, double streaming electrons.

transverse ion acceleration

4ongitudinal electron acceleration
o Aurorel M Minlwe, Qe] >w >wiy = mﬁ-)ﬁ

unsaguiiond s, magnetized electroms

» Linenr instability theety:
a.) Lamdau resonancew — kyoy =@ % > 0; beam
b.) Amomalous Doppler effect: w — kyvy — nllg = 0;
4, ~2... L < 0 (clongated tai).

» @uanilinear theory: 2 stages
a) Landau: Beam — plateau % ~ 0
#.) Anom. Doppler: isotropization
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Fig 1: Ml frequency w/we and growth rate (contours and shades)
for o Sowm with relative demsity ny/n = 0.02, drift u/ve = 16 and
/M, = 3.33 in an Ozpgen-Hydrogen Plasma (ng/n = 0.1) with
Wﬁ% « 1.8. The wave numbers are normalized to the electron
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. 4 3. a. Dispersion relation for a oxygen-hydrogen plasma with

& ‘ kg, 7= 9. ISAS, ny/n. = 0.1 and a flat topped beam with ny/n = 0.00<,
W = 3., T, = T.. The ions are cold. Normalization is in terms
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vedonsittion wnill Whie wovnd Doppher effect at small velocities due to

Fig. 3 Boun Bstiiliion ik ememaelons Doppler Effect at large |
e smniisieons excontion of the lower and upper hybrid branches. |
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Fig. 5 Poipendicnlar ion energy distribution (energy in units of e’ )

for o Thuin: dn which only strongly obligue modes can be excited (repre-
iy mefmetion). The magnetic field is tilted out of the simulation
i (e om angle of 84.3 degrees with z azis). Qe/we = 1.8,np/n =
4R, vy/a = 0.1,ve/u = 0.06,v;/u = 0.012, M/m = 100. The times
wet = T, 3017 are shown.

LR

AAERE S ARRIN

Ty W v Y

¥

- WYE W= T YT

- ywm e



777.5999

20t

1§1j:

Wk
L |

10\

E..ELHJ lﬂfl v

Gl




PO

F 4

) W instability theory:
W lower and upper hybrid brandl N-.‘

Conclusions
een carried out for the elec-

parameter studies have b
y driven hybrid modes in a magnetized plasma.

i ‘ Mm , evolution proeclll by the
4'MM Per modest drifts accelaration of
s from the elessron balk ls significant. Perpendicular

wpper hybrid waves.
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of bulk particles can arise from the Doppler effest
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b
warulmegeh and may also be associated with SAH waves
mwmu&chydmgm gyrofrequency was not

4. TOPAZ 2 OammvATans

W mending rocket payload TOPAZ 2 was launched from
Aiw Ra, Alaska, on January 19, 1988, W an aiticude of 927
diding s suroral substorm. The swbstorm began as a
overhsad which rapidiy meved meethward and then

e a8 the apogee fool point. The eses conlinued (o be
Wt relatively stationary unsil he peyload arrived
Mminutes lster, The psylosd cemtained pisch agle
eloctron mnd ion ansiyzers. s thermal ion mags
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AVRDRAL
H\SS

ohu«vedduringlhehi;h-nltimdcpntﬁonohbﬂi‘h Thee
power spectrum was measured near apogee when the paylsed |
was nearest the most intense auroral arcs. In Figure 11 the l
, power specum altitude increases about 15 dB at 2 kHz, whish

we assume o be the lowsr hybrid frequency. "Suucture ot the

hydrogen gyrofrequency is evident between 2 kHz and 7 ks
thuhhuthmwwbouw
auroral hiss spsswrum. b 12 = expmded visw of e
power spnowrams beowasn 3 o & kiz is presanted along
with mabem o ouiiiphes of e bydiogen gyrofrequency
Uuer Oy s wnous & bo ondared by f+ with
PP

wpectrum. We conclude that the aleswris peak o §
n‘mmbywnpwnhwm
Wpleid sesonance cone to which the sessels seil was not
mibitivs. On the other hand the seasel alll Was sensitive ©
@ magnatic component of the whisder meds sworsl hiss not
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qualitatively described by (8). We ses in Figures 15 snd 1c
that increasing the H* tempersture sllows Bernstsia modes st
higher hennoaics 1©0.conmest with the lower hybnid mode.
Figure 2 shows the effecs of varying the velue of k; on the
structurs of the wave modes. fa all cases the H* wmparasure is
0.5 eV. For the case by = 0 we obtein the classical pure
Bernsisin modas [Chen, 1984]. As is peediceed by (8) for ky =
0, ths frequeney shift is positive sheve @y y and negative
below. In Piguwes 24 and ¢, we nots the connections of the

« lower hytwid ead Bemnsisin modes ot velues of finite ky as

roughly pesfioaed by (10). We note in Figure 2c that our
swmesionl eohmistions show that slectron Landau damping is

beseming wignifionns ot this value of ky.
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Fig. 3. Hommdwunmbumidiﬁ-

shown in Figures 1& and I¢ with varying Ty.

Hare all of the notation is tho same as in (2) with the bewm
drift velocity denoted by vy, Waves will be driven wwtable
when their parsliel phase velocity is nsar the beam velooity,

ie. olky ~

Figure 4 shows e linswr growth raie az a2 function of
frequensy far gy = 608 Ths elsctron beam density is 1% of
the beskgumumd et dawity, end the drift cnergy is 250
oV. In 0ib saep O I* menperature is 5 oV, end the O+

. umparengn i 63 o¥. We odasrly oo that the mells in wave

gowth mond fons he hermal H* in the backgeeund plasma.

| Alse, thess sulls eosur ia the harmonic bands jus sheve the
lower hybsid Buguency, o 5.

In sumssary, wo have considered the effissms oF Winwnad M* on
@e lower hybeid meds st frequencies neer Wie: lvww
vessnpee Dugueney. We have showe dias inullsilion of
ﬁd*nmmuh“huuv
eonloenis Bugiensies s sy Thib & wikiiinly due
e conninn Wwenws bewesn S loer UMD end

Ml s i B i alsiiiien af e ocubud, ek .
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WNgwme 3. a. Dispersion relation for a oxygen-hydrogen plasma wf'ith

wefwoe = G4, myfn, = 0.1, T, = To = Ty, ky = 0.06; Approximations

webis wialid hondivmsen and iinmasnotivad Finatic huodeoseos are olen abuosrn
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Pigure 3. Hydrogen heating vave amd vesd gart of subcepuibility for
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Conclusions
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