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ABSTRACT

Electron acoustic instability in magnetized four component plasma has been studied by employing non-Maxwellian generalized
(r, q) distribution function. We observed electron velocity distribution function using Cluster data and found that the electron
distribution contains three components, cool, hot and warm beam (strahl) all showing flat-top nature. By fitting the observed
distribution with the generalized (r, q) distribution, we used the fitting parameters for cool, hot and beam electron components
in the numerical results. We have investigated the effect of beam density, beam temperature, beam velocity and propagation
angle on the real frequency and growth rate of the electron acoustic waves in strongly magnetized plasma.

© 2019 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http: //creativecommons.org/licenses /by /4.0/). https://doi.org/10.1063/1.5089197

I. INTRODUCTION

In space or laboratory plasmas, variety of wave modes
and instabilities can be found which further enriched by
the presence of different species of electrons and ions. It is
believed that space plasmas possess non-Maxwellian distri-
bution which are also responsible for the generation of insta-
bilities. It has been shown that around the Earth’s bow shock
electron distributions with drifting Maxwellian core and high
energy tails can destabilize the electrostatic waves such as
electron acoustic and ion acoustic waves.!? Electron acous-
tic waves (EAWs) are strongly damped in homogeneous and
unmagnetized electron-ion Vlasov plasma, however, become
physically significant in two electron component plasma.®
Different temperatures of electron components and relative

drifts can produce electron acoustic (EA) instability in the

2
frequency range wp; < wr < wpe, Where wp; = 4710 and

mi
2 . .
wWpe = 470¢ are the ion and electron plasma frequencies,

respectivelgl.‘* DE-1 satellite data of polar cusp region showed
that EAW becomes unstable when the plasma consists of cool
electron component T, ~ 1 eV, warm electron beam Ty, ~ 20 eV

and hot electron component T, ~ 100 eV, where subscript
‘¢’, ‘b" and ‘N refer to cool, beam and hot electrons, respec-
tively. Similarly plasma in auroral region composed of cool and
hot electron components with temperatures of few eV and
100-200 eV, respectively, a warm drifting electron beam is
highly suitable for EA instability.

It was believed that intense electrostatic waves up to the
electron plasma frequency can be generated due to Doppler
shifted ion acoustic waves upstream of the Earth’s bow shock.>
However, later on it was established that EAWSs provide better
description for the cusp auroral hiss formation and broad-
band electrostatic noise (BEN), which have been extensively
investigated in literature.*%7 Simulations of EAWs showed
that EA instability is responsible for the generation of BEN
in polar cusp region.?'° Upon classification of wave frequen-
cies related to BEN emission it has been established that it
extends from lower hybrid frequency of few Hertz up to elec-
tron cyclotron frequency or mostly to the electron plasma
frequency.'’ Due to this broad range of frequency it was sup-
posed that numerous modes of plasma are associated with
BEN. Satellite measurements confirmed the BEN emission in
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different regions of Earth’s magnetosphere such as in mag-
netotail, bow shock, polar cusp and aurroral region. The ana-
lytical and numerical investigation of modified EA instability
in magnetized plasma driven by hot field aligned ion beam
shows that EA instability successfully explains BEN generation
in magnetotail.’?

EA instability has been studied in a three component
plasma composed of cool electrons, hot electrons and ions,
all were treated as unmagnetized, and found that EAWSs
can propagate in plasma with light damping if %’ > 01
and £ < 0.8, where subscript ‘e’ refers to total elec-
tron population.’®> However, later on it has been showed
that if the cool and hot electron components have rela-
tive drift several times more than the cool electron ther-
mal speed, both considered as Maxwellian, then EA insta-
bility can arise.’* EA instability driven by field aligned and
cross field hot anisotropic electron beam was studied by
Bharutharm.>¢ In field aligned case, it was found that growth
of EA instability is highly dependent on beam temperature
and density, however in cross field case electron acoustic
instability transformed into modified two stream instability.
Hellberg et al.'” reported the experimental observations of
EAWs in a two electron component plasma and showed that
observed dispersion and damping rates were well explained
when hot electrons were modelled by kappa distribution and
cool electrons and ions as Maxwellian. Mbuli et al.’® studied
the EA instability in four component magnetized plasma by
employing idealistic Maxwellian distribution function for all
species.

Since space plasmas often possess non-Maxwellian distri-
butions containing superthermal tails and/or flat tops at low
energies. Distributions with high energy tails are well mod-
elled by family of kappa type distribution, however, when dis-
tributions contain flat tops or spikes at low energies with or
without high energy particles, generalized (r, q) distribution
function is the ultimate choice. The first reported observations
of flat top electron distributions have been reported by Mont-
gomery et al.’? by Vela 4 observations. Subsequent obser-
vations of electron flat top distributions were also reported
across the bow shock’?° and around the neutral line in the
magnetotail.?! It is now believed that electron distributions
around the bow shock generally exhibit flat tops at low ener-
gies.?? Parks et al.?*> showed that the broadband electrostatic
emissions are associated with the flat top electron distribu-
tions similar to those observed earlier by Feldman across the
bow shock.

In recent years, generalized (r, q) distribution function
has successfully been used in numerous simulation and the-
oretical studies due to its wide range of applications in
space plasmas.?+26 Zaheer and Yoon?’ modelled the solar
wind electrons with (r, q) distribution function to see the
influence of interaction between flat top electrons with low
frequency kinetic Alfven turbulence and high frequency Lang-
muir turbulence. Observation of Lion roars from the mag-
netosheath associated with the flat top distributions has
successfully been interpreted qualitatively and quantitatively
by employing the flat top (r, q) distribution function?® which

scitation.org/journal/adv

could not be explained earlier when idealized Maxwellian
distribution function was employed.?° Since plasma with
distinct electron temperatures is highly favorable for elec-
tron acoustic waves and proper kinetic description of such
plasma require that actual observed distribution functions
should be employed in theoretical studies. Therefore, in this
paper we have studied EAW in a four component magne-
tized plasma which consists of hot electrons, cool electrons
and warm electron beam with stationery ions using observed
non-Maxwellian distribution function.

Il. DISTRIBUTION FUNCTION

In the above mentioned works in which ion-acoustic
waves have been investigated, idealized Maxwellian or
Maxwellian-kappa distributions were used. In this paper, we
employ a non-Maxwellian distribution such as the gener-
alized (r, q) distribution function, which has the form for
jth species (j = i, c, h, b, where i, c, h, b stand for ions,
cold electrons, hot electrons and electron beam (strahl),
respectively)

W2 o — 2 r+1\ ~4
fj(ry q) — A 1 1 [ L + ( Il ub) } , (1)

+— =
2 _ 2 2
LIJTl]- P, q-1 \PTH- \PTM

where 5201
3(a - 1)~ 1(q)

A= , )
47T (q - 5 ) T(1+ o )
is the normalization and the modified thermal speeds are
—1/(1+
3a- 170 (gt (o - o)
lIlTH,L = UtH,L (3)

"z (0 )

In the above Egs. (1)-(3) v,, = \/g is the thermal veloc-
ity where perpendicular (1) and parallel (||) directions corre-
spond to the ambient magnetic field or z-direction, I is the
Gamma function, u, is the speed of electron beam, m, T, v
are the particle’s mass, temperature and speed, respectively.
In limiting form when r = 0 and q = « + 1 generalized (, q)
distribution function reduces to the kappa distribution func-
tion and when r = 0 and q — o, it reduces to the classical
Maxwellian distribution function. The spectral indices v and
q satisfied the conditions such that q(1 + r) > 5/2 and q > 1
which comes from the definition of temperature for the (r, q)
distribution.?®

A. Observed distribution

On 215t October, 2001 Cluster was traversing through day-
side mid-latitude cusp region in the southern hemisphere at
~ 4 Rg (1 Rg = 6400 km). Cluster has two Plasma Electron
and Current Experiment (PEACE) sensors on each spacecraft
to analyze electron velocity distribution with full 4z solid
angle resolution in the energy range 0.7 eV to 26 keV with a
time resolution of 4 s.3° In Fig. 1, solid circles represent the
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FIG. 1. Electron velocity distribution function observed (solid
dots) by Cluster on 21t Qctober, 2001 at 21:11:40 and fit-
ting (solid line) by the generalized (r,q) distribution function.
The parameters used in the fitting are n; = 0.2, Tjjc =3 eV,
np = 05, T||h =122 eV, np = 03, T||b =35 eV, Ie = 30, Qe
=11,r,=15,9,=18,r,=15and q, = 1.8.

I I I
10 20 50 100 200 500

Energy (eV)

parallel cut of the observed electron velocity distribution
function at 21:11:40 on 21t October, 2001 using PEACE data
which is associated with the broadband electrostatic emis-
sions.?®> The solid line in Fig. 1 represents the fitting of the
observed distribution function using the generalized (r,q) dis-
tribution function given in Eq. (1). Fitting clearly shows that
the observed electron distribution has three components;
cool, hot and warm beam (strahl) components all show flat-
topped nature, with fitting values of density and tempera-
ture for each component as n, = 0.2, Tj = 3 eV, n, = 0.5,
Typ = 122 eV and ny = 0.3, Ty, = 35 eV, respectively. The
spectral indices for each component used in the fitting are

=30,q =11, r, =15 q, = 1.8 and 1, = 15, q, = 18.
The nonzero positive values of spectral index r for each
component clearly show that the distribution is a flat top
distribution.

I1l. MATHEMATICAL FORMALISM

In this section, we consider a collisionless, uniform and
magnetized plasma consisting of four components, magne-
tized cool and hot electrons, drifting warm electron beam and
stationary ions. We take magnetic field along the z-axis, i.e.
By = Bpé, and wave vector k in x-z plane such that k, = k;
= kcos®, ky = k. = sing, and without loss of generality we
can take ky = 0 where 6 is the angle with the magnetic field
direction.

The standard dispersion relation of electrostatic waves in
anisotropic, magnetized plasma, satisfying any zeroth order

distribution, is>'
(L)2< 00 k
_ v 0 2 [RLUL
1_27ij 2 /0 dvlvlznz_mln(—g )
dv”

/ (nQ fjo 5)30)
X +R
v, Ovy aUH kH( i+ U||) +NnQ —w

“)

I
1000 2000

1/2
Here wy; = (47rnojq].2/mj)/ is the plasma frequency, Q
= qBo/mec is the electron cyclotron frequency for electron
species, Jy(z) is the Bessel function of the first kind and z = %
is the argument of the Bessel function. Now by using gen-
eralized (r, q) distribution function (1) in above Eq. (4), we
get

2
qer+ 1)) “pi
1=-4A
( @a-1 ; k2w

(uk’—kuuj) )\
T
bl ds/ v, Z Jz(klm)( 5+ Uzl )
(S - fnj) N=—co0 \PTHJ lIITJ_J.
2 r+1\ —q-1
v — U 2
|1+ 1 (), o2 do, ©)

G-l w2 gz
-1 TT\U \PTuj

Q-k
(w,:lq,—"u’) The Bessel function can

be separated into following two parts

Sl S

N=-o00

where s = - and &; =
Fryg

which can be further simplified by using the identities,
(%) =1and

)

Enm ZZm
'22" Z;) (n+m)! m22m

1@ =) =

)" ni2(nrm)]t
2n+m)!(n+m)!

where Ey , = .So Eq. (5) becomes
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S_fnj) 1 T
- T q —2(r+1)
x[q+1,q l+r’q+1+r’ (q-D(s) ]ds (12)

(w-kiw) v
o 2
. R ds / UJ_( vj N v? ) and
_ £ 2 2 2-2q-2qr
(s &) o \*r P, 259 (4) = AGI(S—)ZFl [Q+1 q,9+1,~(q - 1)(s* (M)]d
s- ¢
. (UH uj)z 5 r+1\—4-1 (13)
- 02
X (-1 w2 * p2 ) Since we are considering a plasma consisting of cool and
Tig g hot electrons, and warm electron beam drifting along the

magnetic field, respectively, the dispersion relation (7) can

2n 2m
© z o Enm z . _ (w9 _ (09
X {1+Z‘m=1 o Zm:O ()l mizem }dv N (6) be solved assuming & = T > 1, & = ir,, < 1, &
= (0Q-kuw) ; it
After performing integration in the above equation and con- Rt T l'and in the limiting case « < Q, we get the

sider lowest order values of n and m only, i.e.n=1andm =0,  general dispersion relation for (r, q) distributed plasma
Eq. (6) can be written in the form as 9
2 1= z(k” “pe , “pi )AC 2 ( Lo ac
~ T T " e Tz P pe\iee e M
1=-2A Y AC =L ( )fo 9D (g0, o o
Zj: k2wz Ty \ Ty 12 (6o) 1\ 4
wZ
(0~ Ry kWS T Wpe k2 W wk (kz'q}%lh)
N ra) (¢ 4 ) —L (ABCy — AGC3) — i2A7 i+
+( o, )Z1 (¢05) + 502 {ABCZ T T2 R R3P %Hh ky q-1)
)

r+1\ 74
5 ((wgkuzub)z )
“pp(w —kyup)k|, ki,

+ (14)
T, (a) - kHU') kS\I‘% kj (@-9
7(ra) A9 ( I
(Bt (Smel o
where = q((r(;;(rq 11)‘* G=(q-1)y, where k = JRE + k3,
3(g -1 —1/(1+r)r _ .3 r 3
C = / [1+ ) 1+r)] ds ®) b |24 5[q 251 [ 2%] 15)
r[q - m]r[ +Zr]

d 2-2q— ZqTZF 1, o 1)(s 2(r+1) and 0 1 -q

ss a+lLq- 1.9+ 1“, (@-1)s)" Cs :/ &2 [1+ L epen] s (16)
—oo q-1

©) In the above dispersion relation (14) contributions from hot
electrons and warm electron beam in the real part of the
plasma dispersion function have not been taken and retained
only n = 0 terms in the imaginary part which is true for the
condition w <« Q and |u,| < ¥r). Upon separating the disper-

© 1 1] sion relation (14) into real and imaginary parts, we can write
ARSI / [l +— (32) ] ds (11) real frequency and damping/growth rate, respectively as

1 (s-4)

Cs = /m §2-20-20r9F, [q +1,q,9+1,—(q - 1)(32)_(T+1)]ds (10)

2 2AC4D? (e cos? 9
o =K, — (5 cos0) (17)
Wpe (243, D% + (T 2 + T 2 )2y - (ABC, - AGCs) k243, D sin2 o)
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2
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Here we note that the real frequency is only determined by \/@ W s ok, > & (19)
the cool electrons and the damping/growth rate is deter- e Ut be Wpe

mined by the hot electrons and warm electron beam. Fur-

thermore, in order to obtain electron acoustic instability, and

we found that following conditions which must be true Yo u (20)
simultaneously. Yje

0.5 T

FIG. 2. Real frequency (upper panel) and growth rate (lower
panel) of the electron acoustic instability against the nor-

kAp. malized wave number for different ratios of beam to total
electron density np/ne (black = 0.35, red = 0.30, blue = 0.25,
0.04 ——— T T T T T T ‘ green = 0.20). Here wpc/Q = 0.2, lj:—b = 5 and the other
r 9 lie
parameters are the same as in Fig. 1.
0.3
b
0.03 n, =03 1
‘}/ L
002+ B
Wpe L ]
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where U’ is the critical beam velocity given as % = 0.2, where ‘¢ represents the total electron density,233

n

DE-1 observations polar cusp region show 3¢ = 0.2, 2—: = 0.45,

2 % = 035 1 = 0.001, f= = 0.043, 2 = 0.23°* and ISEE
" = M \/E 1+ (%)(E) observations from plasma sheet boundary layer (PSBL) show
cosOkdpe Ve | \mp /\ Ty fe =016, 2 = 0.79, 22 = 0.05, f£ = 0.002, 1¢ = 0135 We
note that the plasma parameters used in fitting of the observed
distribution are very close to the observed parameters given
above from different regions of space plasmas. Therefore,
we will use the fitting parameters along with the parameters
observed from space plasmas in the following figures to depict
the actual plasma picture.
IV. NUMERICAL RESULTS Figure 2 shows the real frequency (upper Par'lel) apd
growth rate (lower panel) of the electron acoustic instabil-
Broadband electrostatic noise (BEN) have been observed  jty against the normalized wave number for different ratios of
in the Earth’s magnetosphere by various satellites, such as beam to total electron density ny/n. (black = 0.35, red = 0.30,
Viking observations from auroral region show that T, = 50 blue = 0.25, green = 0.20). From Fig. 2 we can see that real

2 r+171°49
1 [ (w/wpe) 1 me T
q-1\ k222 DZcos?6 ne Typ

x |1+

eV, e = 015, 3 = 055, 12 = 03, 1& = 0.008, 1= = 0.04, frequency increases with the decrease in beam density as real
0.4
031 R
w L
— o02f 4
wpe | |
0.1F |
00— FIG. 3. Real frequency (upper panel) and growth rate (lower
0.0 0.2 0.4 0.6 0.8 1.0 12 1.4 . o .
panel) of the electron acoustic instability against the normal-
kAp. ized wave number for different ratios of beam to hot electron
temperature T /T 5 (black = 0.29, red = 0.33, blue = 0.37,
004 T T T T T T ‘ green = 0.41). Here wp/Q = 0.2, ;:—b = 5 and the other
[ ] lic

parameters are the same as in Fig. 1.

kaAp.

AIP Advances 9, 025315 (2019); doi: 10.1063/1.5089197 9, 025315-6
© Author(s) 2019


https://scitation.org/journal/adv

AIP Advances ARTICLE

frequency depends upon cool electron population only but
growth rate of electron acoustic instability increases with the
increase of beam density since instability depends upon beam
electron density and more free energy is available to desta-
bilize the wave. Figure 3 depicts the real frequency (upper
panel) and growth rate (lower panel) of the electron acous-
tic instability against the normalized wave number for dif-
ferent ratios of beam to hot electron temperature Ty,/T,
(black = 0.29, red = 0.25, blue = 0.20, green = 0.16). From
Fig. 3 we can see that real frequency slightly increases with
the increase of beam temperature but growth rate of elec-
tron acoustic instability increases with the decrease of beam
temperature.

Figure 4 is plotted for real frequency (upper panel) and
growth rate (lower panel) against the normalized wave number
for different ratios of cool electron plasma frequency to elec-
tron cyclotron frequency wyc/Q (black=0.2, red=0.5, blue=0.8,
green=1). We can see that real frequency as well as growth rate

scitation.org/journal/adv

of electron acoustic instability increases with the decrease in
magnetic field strength. In Fig. 5, real frequency (upper panel)
and growth rate (lower panel) is plotted against the normalized
wave number for different angles of propagation 6 (black = 0,
red = 30, blue = 60, green = 85). We can see that real frequency
as well as growth rate of electron acoustic instability increases
when angle of propagation decreases and remain maximum
for un-magnetized case, i.e. 6 = 0. Figure 6 depicts the growth
rate plotted against the normalized wave number for different
values of beam velocity U’:—b (black = 2, red = 3, blue = 5, green

llc

= 7). We can see that growth rate of electron acoustic insta-
bility increases with the increase of beam velocity, however
growth is obtained for all wave numbers when ;t‘—" > 3.

llc

Figure 7 depicts the maximum growth rate plotted against
the beam velocity for different values of beam to hot elec-
tron temperature ratios Ty, /T (black = 0.29, red = 0.33, blue
=0.37, green = 0.41). We can see that maximum growth rate of

k/\Dc

0.04

FIG. 4. Real frequency (upper panel) and growth rate
(lower panel) against the normalized wave number for dif-
ferent ratios of cold electron plasma frequency to electron
cyclotron frequency wpc/Q (black=0.2, red=0.5, blue=0.8,

- 1

0.03
[ 0.8

0.02 - 0.5

0.01 -

0.00 S T T T S H SO SO S

green=1). Here l}:—" = 5 and the other parameters are the

llc

same as in Fig. 1.
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FIG. 5. Real frequency (upper panel) and growth rate (lower
panel) is plotted against the normalized wave number for
different angles of propagation 6 (black = 0°, red = 30°,
blue = 60°, green = 85°). Here wpe/Q = 0.2, v'f—';: =5and

the other parameters are the same as in Fig. 1.

FIG. 6. Growth rate plotted against the normalized wave
number for different values of beam velocity v‘:—" (black =2,

lie
red = 3, blue = 5, green = 7). Here wpe/Q = 0.2 and the
other parameters are the same as in Fig. 1.

-0.01 B

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

kaAp,

AIP Advances 9, 025315 (2019); doi: 10.1063/1.5089197 9, 025315-8
© Author(s) 2019


https://scitation.org/journal/adv

AIP Advances ARTICLE

scitation.org/journal/adv

0.04
0.03
¥ max

0.02

0.01

0.00, L L L L L L L L L L L L

FIG. 7. Maximum growth rate plotted against the beam
velocity for different values of beam to hot electron tem-
perature ratios Ty /T)s (black = 0.29, red = 0.33, blue
=0.37, green = 0.41). The other parameters are the same
as in Fig. 3.

Ymax

FIG. 8. Maximum growth rate plotted against the beam
velocity for different values of beam to total electron den-
sity ratios np/ne (black = 0.35, red = 0.3, blue = 0.25, green
=0.2). The other parameters are the same as in Fig. 2.

Vte

electron acoustic instability first increases with the decrease

of beam temperature for beam velocities vl:—” < 7 but then
lic

decreases with the beam temperature for beam velocities
Y. > 7. Figure 8 depicts the maximum growth rate plotted

Ut c
aéainst the beam velocity for different values of beam to total
electron density ratios ny,/ne (black = 0.35, red = 0.3, blue
= 0.25, green = 0.2). We can see that maximum growth rate of
electron acoustic instability first increases and then decreases
with the decrease of beam density.

Threshold beam velocity, above which electron acous-
tic instability could be produced, is plotted against the beam
to hot electron temperature ratio Ty, /Ty, for different val-
ues of beam to total electron density ratios = (black = 0.35,
red = 0.30, blue = 0.25, green = 0.20) in Fig. ", We can note
that threshold value of beam velocity increases with the beam

temperature and as the beam density decreases threshold
value of the beam velocity increases. Figure 10 is plotted for
threshold beam velocity versus beam to total electron density
o for different values of beam to hot electron temperature
ratios Typ/Tn (black = 0.08, red = 0.25, blue = 0.41, green

= 0.66). We can see that threshold value of beam velocity
decreases with the beam density and as the beam temperature
increases threshold value of the beam velocity also increases.
Figure 111s plotted to show a comparison between the real fre-
quencies and growth rates for generalized (r, q) distribution
and its limiting form such as kappa and Maxwellian distribu-
tions. We can see that real frequency and growth rate remains
higher for (r, q) distribution and lowest for kappa distribution,
where as Maxwellian values remain in between the values of
other two distributions.
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FIG. 9. Threshold beam velocity versus beam to hot elec-
tron temperature ratio T /T for different ratios of beam to

total electron number density %’ (black = 0.35, red = 0.30,
blue = 0.25, green = 0.20).

FIG. 10. Threshold beam velocity versus beam to total elec-
tron number density % for different values of beam to hot
electron temperature ratios T /Ty (black = 0.08, red =
0.25, blue = 0.41, green = 0.66).
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V. DISCUSSION AND CONCLUSION

We have investigated the electron acoustic instability
in magnetized four component plasma with non-Maxwellian
generalized (r, q) distribution function. In literature electron
acoustic instability has been studied mostly in unmagnetized
plasma (results are valid only for the magnetic field direction)
and rarely in magnetized plasma but with ideal Maxwellian dis-
tribution function.3” In this paper for the first time, by fitting
the observed electron velocity distribution with the gener-
alized (r, q) distribution, we have investigated the obliquely

propagating electron acoustic instability with observed
distribution. Furthermore, a comparison of (r, q) distribution
results with kappa and Maxwellian results has also presented.

In this study, we considered the strongly magnetized case
for which wg—; > 1and investigated the effects of beam density,

beam temperature, beam velocity and propagation angle on
the real frequency and growth rate of the electron acoustic
instability. For numerical purposes, fitting parameters along
with the observed parameters from different regions of space
plasmas have been chosen to present a complete plasma sce-
nario. It has been found that an increase in propagation angle
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leads to decrease the magnitude of both real frequency and
growth rate. The effect of electron beam density has been
studied by varying the ratio n;, /n. and found that large beam
density enhance the electron acoustic instability, same was
observed for BEN in polar cusp and auroral region.'® It is
also found that increase in beam temperature suppresses the
instability, which shows that when wave grows to large ampli-
tudes it scatters and heat the beam particles, and hence insta-
bility regulates itself. It is shown that increase in beam velocity
above a critical value increases the growth rate of the insta-
bility for all values of wave numbers, i.e. at threshold Lan-
dau damping eventually goes to zero and further increase in
beam velocity increases the growth. We have also found that
real frequency and growth rates are higher for unmagnetized
plasma than the magnetized plasma.

If we consider Fig. 2, n, /n, varies from 0.35 to 0.2, n¢/ne
varies from 0.15 to 0.3, n,/ne = 0.5, up /vy = 5, and fitting
in Fig. 1 where Ty = 3 eV, Ty, = 122 eV and Ty, = 35 eV,
we found that real frequency varies from 3.2 kHz to 4.8 kHz
(Fig. 2 upper panel) and maximum growth ranges from 296 ms
to 557 ms (Fig 2 lower panel). This is in agreement with the
observation of EAWSs from Auroral region with 3 kHz and from
polar cusp region with 4-10 kHz. Similarly, if we consider Fig. 3
where T, is varied from 20 to 35 eV, T, from 0.5 to 3 eV,
Tyn = 122 eV, up/vec = 5,and Fig. 1 where ny,/ne =0.3, ne/ne
= 0.2 and n;, /ne = 0.5, we found that maximum growth varies
from 330 ms to 748 ms (Fig. 2 lower panel) and real frequency
varies from 3.6 kHz to 4.5 kHz (Fig. 3 upper panel) which is
closely related to observations of EAWs from PSBL with 3-4
kHz and from Polar cusp region with 4-10 kHz. In we con-
sider the numerical values of parameters used in Fig. 11, val-
ues of spectral indices r and q for (r,q) distribution from fit-
ting, spectral indices for Kappa distribution as v, = 1, = 1y
=0and qc =3, qu = 5, g = 5 and for Maxwellian r; = 1, =
1, = 0 and qc = q = qp = oo, respectively, for (r,q) distribu-
tion the maximum growth and real frequency come out to be
330 ms and 3.6 kHz, for kappa distribution 467 ms and 3.1 kHz
and for Maxwellian distribution 375 ms and 3.4 kHz, respec-
tively. Thus a comparison between the (r,q) distribution and
other distributions showed that when we use realistic param-
eters and employed observed distribution, real frequency and
growth rate remain higher than the Maxwellian or kappa val-
ues. Therefore, in this paper, by employing observed distri-
bution function, we have presented a realistic plasma picture
and showed that in actual situations frequency and growth
rate of EA instability exhibits significantly different behav-
ior from the situations where ideal distributions have been
employed.
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