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Abstract

Low-Frequency Electrostatic Instability That Is Observed By Both
Ground Facilities And Satellites Have Been Studied In The Auroral Acceleration
Region Consisting Of Hot Precipitating Electron Beam From The Magnetosphere,
Cold Background Electron And lon Beam Moving Upward Away From The Earth
Along The Auroral Field Lines. The Model Distribution For Both The Electron And
lon Are Taken, As Drifting Maxwellians While The Cool Background Electron Is
Maxwellian. The Excited Mode And Growth Rate For The Resonant Instability
Driven By The Precipitating Electron Beams Are Derived. We Also Discuss The
Growth Rate And The Real Frequency Of The Resonant Instability. It Is Also
Shown That, The Precipitating Electrons Can Generate Low-Fregquency Electric
Field Fluctuations (L efs) Within The Frequency Range 55.4Hz To About 174.7Hz.

]

1.0 I ntroduction

The auroral region of the earth’s magnetosphetau@é of 6000-12000Km) is a fascinating part cAcp,
and also a part that can be investigated in sortaél @dth sounding rockets, satellites and grouadddl instrument
which indicates presence of upward and downwargagating charged particle beams, ion conics, l@aglency
electrostatic wave fluctuations (LEFs), includinther phenomena such as shocks and double layeme(ire
1978; Hultgvist et al, 1988;Kaufmam, 1984; Mozeaktl997). Evidence (Sharp et al, 1980) of thesg@nee of both
electronic streams parallel and anti — paralleth® local magnetic field have been observed. Ia thport we
investigate the LEFs (i.e. n = 0 Bernstein modbis)precipitating beams. We are motivated by the¢ tlaat very
little work has been done in this area even witlent observation of occurrences of LEF with fididrsed electron
beams (Miyake et. al 2001.). It appears likely tttee LEF could be playing an important role in tngroral
acceleration processes.

LEFs span the frequency range from essentiallp zerthe tens of KHz (Lakhina, 1993). A good
correlation has been found between the occurrehtEles and ion conics and field aligned electroarhs (Lundin
et at, 1990; Miyake et al, 2001). This paper isaoiged as follows: in section 2, we analysis theitaion of low-
frequency electrostatic instability by precipitgtielectrons having drifted Maxwellian distributidanction. In
section 3, the result are compared and discussée séttion 4 is the concluding remarks.

2.0 Theoretical Consider ations
2.1 Distribution function

We consider our models for the auroral acceleratgion to consist of a three component plasmaom@an
beam moving upward away from the earth along theraufield lines with drift velocity Y, temperature Tand
density N, cold background electrons with temperatureahd density NN and a hot precipitating electron
component which streams downwards the earth inrectibin opposite to the ions with drift velocity,d/
temperature Jand density N The external equilibrium geomagnetic field is mgisig upwards along the Z-
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direction, i.e B, = B, Z. The velocity distribution function of the cool elemns is taken to be Maxwellian while that
of the hot electrons and ion the appropriate dgffilaxwellians.

22 Excitation of low frequency electrostatic wave instability
For low frequency electrostatic waves the relewdigpersion relation can be written in analytic fom

which |W— Kthi|2 <= Qf, K, =<KQ, = (ei Bolmic) is the gyro frequency of the jth species , wtjereh for hot

electronsgc for the cold background electrons d@nfdr the ions , and the subscrigts and O stand for the parallel
and perpendicular component of the wave vektorThe conditiony, = (W— K.V, — an)/KnC”. >>1is satisfied

for all species fon= 1, where ¢ = (2'I',-/mj)1’2 is the thermal speed of the jth species. The digperelation for the
low—frequency electrostatic waves become
K?\%5=Hy+ Hy + Hy (2.1)

where

Hy = ZW([w — nZ J/K} Cie )AndBe)

Hy =ZW([w - K\ |Vhe = NZpl/Ky Cin )Ann(Br)

Hs =ZW([w - Ky Vi - n)/Ky C)Ani(Bi)

A(Br) = 1(B))e®; with B = K C/Z5, Aq = (T;/4 Bry, &)
is associated Debye length dRds the modified Bessel function of order
Making use of the well —known plasma dispersiorcfiom {Fried and Conte, 1961} as:

WX} = -{1+XZ{X}} (2.2)
in the dispersion relation Equation (2.1) it recaitze
1+Xx; =0 (2.3)
where
1 w-K.V, w-K.V,
= 1+ n he/\ Z N " he
TR, [ KiCo ([ KoCo m
S S P L (2.4)
Xc Kz/]jc KHCIC " Kl‘Ith .

X = 1 1+W_KI'IVhiZ w-K,V,
K 2/]; K n Cti K n Cti

To solve Equation (2.3), we lat=w, +iy and assuméy’|<<|w’|, where y =0 denotes instability. Considering

the limit 12 =~ 1, 12 =~ 1 andp’,, < 1 in Equation (2.4), the dispersion relation naedmes

Dgr(w,k) +iDy(w,k) = 0 (2.5)
where (ﬂ)
K w K WAA (B
D.(wk)=A-——%— e =0 2.6
R(W ) Ksz KZ(WZ—KHVN) ( )
and  A=1+ —g—”g+—MQV::‘2” +_Km:\§2§ =0 (2.7)
with M = [1 - Au(B))/B; -
Dl(W, k):lﬂ% — vvlz)hz (W+ I<I'IVhe)/\nh( h) ° ex[{_(w-'- Kﬂ\z/he) :| (28)
K Z\/th KI‘I\/thi 2K n Cth

The real frequency of the resonant instability enivby the precipitating electron beams becomes ti@lzand
Lakhina, 1980; Lakhina, 1993):

W, = -K”O(Zi/K, (29)
1+A_ (BN m /N.m?
where a= WPC[ ni (ﬁ) l]me Cm]
QA

~ {N.m/M N; mg*?
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Then using the formular:
y= —DleR(wr,k) (2.10)
ow,

the expression for growth rate is found tojbe

1 * \2
N, K, a*Q°A (B, V.. - V.. Ve ~Vee
y= h'™n i nl3 31 )( he he)exp‘ ( h ~ h) (211)
2N K°C; 2C,
V' is the critical drift speed above which instapilitevelops, it is given as
%
v =% ) NT e (2.12)
K MNiThﬁi

3.0 Results and discussion

As wide variety of modes can be excited in plasm@eu different conditions; depending on the paranset
of the auroral plasma, several mechanisms (assfieduearly) may operate at the sane time. Thergrstsgly deals
with the generation of low- frequency electrostatiodes by electron beams on the auroral field latestitudes of
1 to 2 R. Since the excited LEFs are electrostatic wavesy twill resonate with the electrons thus trangfgrr
energy and momentum from the beam — electrons.

In the auroral acceleration region (Lakhina, 1998¢ density and energy of precipitating electrares
variable but in the range;N {0.1 to 5) Kev. For typical value of electromriperature asI-1Kev, this gives ¢ =
1.32 x 16 Km s®. Outside the region of strong parallel potentiedps, the typical values of background cold
electrons parameters are N10°cm® and T, = 1 eV. But in the region of strong parallel etecfields the cold
electrons are expelled resulting ip :\LO® cmi® or smaller. The ion beam drift speed can be (5 -50) G and G =
(9.8 — 30.9) km$ corresponding to T= 1 to 10 eV. The destiny of ion beam could bedated from quasi-
neutrality condition in the equilibrium state.

The result shown in Figures land 2 are calculdtedplasma parameters corresponding to auroral
acceleration region described above. In Fig. Igtiosvth rate (/ Z;) has been plotted agairfst According to Fig.1,
the growth rate of the resonant electron instabilitcreases rapidly to its maximum value and thestates
decreasing slowly g3 increase. While in Fig 2 a plot of growth rafd &) against the normalized frequency; (w
;) presents slowly variations of the growth ratemait has attained its maximum value as the nomedlirequency
increases.

Substituting the value 101 x $8N;<1001x10* cm  for the auroral acceleration region, we figoEfw; / 2
B is in the range 55.4 Hg f, < 174.7 Hz suggesting that frequency range is irlyfgood agreement with the
observations from Viking (Hultgvist et al 1988) afm S3-3 (Temerin, 1978) representing low frequyen
electrostatic modes.

As the drift velocity of the hot precipitating eteons exceeds that of the critical velocity; tlwevl
frequency electrostatic instability sets in. Ipisssible that the excited low-frequency electrastaiode could heat
up the auroral plasma leading to acceleration néshes that result in the production of field alignelectron
beams or upward flowing ions likewise electronam conics. The acceleration mechanism due to logguency
electrostatic mode will be considered in a subsegreport.

3.0 Concluding remarks

Our theory is consistent with the data, and thiggests that the observed frequency prominencésein
auroral acceleration region between 55.4 Hz and71M4 is due to low- frequency electrostatic ingigbwhich are
generated by precipitating electron beam from tlagmetosphere. It is our belief that, the unstateffequency
electrostatic mode excited can resonate with tleetrins and ions leading to the formation of iomics,
accelerated electrons and hot ions beams. Thi®stieg subject will be pursued in a future paper.
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Figure 1: Variation of growth rate A/ Q, for theresonant hot electron instability versus@; for K., / K =10mJ/m;, Bo=
0.046G and V,,J/C;, = 0.525.
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Figure 2: Variation of normalized frequency (—vvr /Qi) with growth rate (/1 /Qi)
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