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Abstract. Using the general loss-cone distribution function 1  Introduction

electromagnetic ion cyclotron (EMIC) instability affected by

up going ion beam has been studied by investigating the traElectromagnetic ion cyclotron waves are a common and im-
jectories of charged particles. The plasma consisting of resportant feature of the Earth’s magnetosphere. The source
onant and non-resonant particles has been considered. It Bf free energy for wave excitation is provided by the tem-
assumed that the resonant particles participate in energy experature anisotropy of pitch angle distribution of ring cur-
change with the wave, whereas non-resonant particles Sugent ions, which naturally develops during inward convection
port the oscillatory motion of the wave. The effect of ion from the plasmasheet (Gamayunov et al., 2009). The EMIC
beam velocity on the dispersion relation, growth rate, paral-waves have frequencies below the proton gyrofrequency, and
lel and perpendicular resonant energy of the EMIC wave withthey are excited mainly in the vicinity of the magnetic equa-
general loss-cone distribution function in hot anisotropic tor with a quasi-field-aligned wave normal angle (Kennel
plasma is described by particle aspect approach. The effe@nd Petschek, 1966). These waves were observed in the in-
of beam anisotropy and beam density on electromagnetic iofer (Erlandson and Ukhorskiy, 2001) and outer (Anderson et
cyclotron instabilities is investigated. Growth length is de- al., 1992a, b) magnetosphere, at geostationary orbit (Mauk,
rived for EMIC waves in hot anisotropic plasma. It is found 1982), at high latitudes (Erlandson et al., 1990) and at iono-
that the effect of the ion beam is to reduce the energy of transspheric altitudes (Braysy et al., 1998).

versely heated ions, whereas the thermal anisotropy of the Usanova et al. (2008) have stated that Pcl (0.2-5Hz)
background plasma acts as a source of free energy for theulsations are continuous geomagnetic field fluctuations be-
EMIC wave and enhances the growth rate. It is observedieved to be generated by the electromagnetic ion cyclotron
that ion beam velocity opposite to the wave propagation andnstability. The instability causes pitch angle diffusion, pro-
its density reduces the growth rate and enhance the redudon precipitation, and generation of ion cyclotron waves. En-
tion in perpendicularly heated ions energy. The effect of iongebretson et al. (2007) observed that ion cyclotron wave
beam anisotropy on EMIC wave is also discussed. These regrowth rates could be significantly increases by addition of
sults are determined for auroral acceleration region. Itis als0ol hydrogen (Sandanger et al., 2007).

found that the EMIC wave emissions occur by extracting en- The hot and cold plasma populations in the inner magneto-
ergy of perpendicularly heated ions in the presence of an up‘.phere interact with each other. Energy transfer between the
flowing ion beam. ring current and the plasmasphere cause decay of the hot pop-
ulation and heating in the cold plasma (Kozyra et al., 1987;
Fok et al., 1993, 2005). Anisotropies in ring current and ra-
diation belt particles excite plasma wave growth in the plas-
masphere. These waves in turn, give rise to pitch-angle and
energy diffusion of the energetic plasma (Jardanova et al.,
2001; Khazanov et al., 2003; Summers et al., 1998). Energy
is transferred from the hot ions to the plasmaspheric parti-
cles. The hot ions thus lose energy and when their energies
are reduced to below the ring current energy rangekeV),
these ions are treated as lost from the ring current.

Correspondence td?. Varma Collin et al. (1998) stated that the most intense visual auro-
m (poornimavarma@yahoo.com) ral displays are the result of a series of complicated processes
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that include acceleration of electrons downwards and ionsonospheric region by an EMIC wave study. The theoretical
upwards so called auroral acceleration region. Newell etanalysis so developed may be extended to ring current and to
al. (1998) have identified unexpected variations in the occurthe equatorial region of the space plasma.

rence of intense auroral displays in the evening local time In the past Ahirwar et al. (2007) have considered the ef-
sector. These exciting new results, if independently con-fect of ion-beam velocities on EMIC waves with general
firmed, can provide new insights into some of the processedoss-cone distribution function and have examine the ef-
involved in the formation of auroral displays (Collin et al., fects of beam velocities and loss-cone distribution induces
1998). The importance of ion cyclotron waves in auroral J. They have used the cold-plasma dispersion relation which
physics lies in their ability to heat ions, accelerate/modulatemay be inappropriate as plasma is thermalised and thermal
electrons, and perhaps to provide anomalous resistively, alanisotropies play a significant role. Ahirwar et al. (2007)
lowing for the creation of a parallel potential drop (Ahir- have not distinguished between the beam plasma and the
war et al., 2006b). Observations from Fast Auroral Snap-background core plasma adopting the same distribution func-
shot (FAST) spacecraft at4000 km altitude in ion beam re- tion for both the plasmas which may be inadequate for the
gion (Cattell et al., 1991; Ergun et al., 1998) show that theseanalysis. In the present paper we have considered the hot
waves are electromagnetic. In past studies on EMIC instaplasma dispersion relation and have used separate distribu-
bility, in auroral acceleration region have been performed bytion function for core plasma and the ion beam. The effects
various authors (Gomberoff and Elgueta, 1991; Horne andf beam densities and beam anisotropies have been also con-
Thorne, 1997; Ahirwar et al., 2006b, 2007). The up going ionsidered and growth length is obtained. The results so ob-
beam are reported by the S3-3 satellite (Mozer et al., 1977)ained are discussed for the auroral acceleration region.

and by Polar satellite data (Mozer and Hull, 2001). lons are The method adopted here knows as particle aspect analy-
often observed to have been accelerated transversely to thtes has been widely used in the analysis of electrostatic and
background magnetic field in the auroral region (Sharp et al. electromagnetic instability (Duan et al., 2005; Mishra and
1977; Lund et al., 2001). As they drift upward in the diverg- Tiwari, 2006; Patel et al., 2011). The main advantage of this
ing field ions exchange some of their perpendicular energyapproach is to consider the energy transfer between waves
via the mirror force to the energy of motion along the field. and particles along with the discussion of dispersion relation
Such distributions, known as ion conics, have their characterand growth/damping rate of the wave. The method may be
istic shape in velocity space (Lund et al., 2001). The associsuitable to deal with the auroral electrodynamics where parti-
ation of ion conics with EMIC waves has been given by vari- cle acceleration is also important along with wave emissions.
ous workers (Thorne and Horne, 1997; Lund et al., 19994, b,

¢). Here we concentrate upon the excitation of EMIC waves
by an up flowing ion beam in the converging field of the

auroral acceleration region and the energy exchange of th?he waves propagating in the direction of ambient magnetic

lons along qnd perpend@ular to th? magnetic field Cor]S"deri‘ield along the z-axis are considered. The EMIC waves are
ing only H* ions to examine behavior of EMIC waves.

lon beam is commonly believed to be produced by accel—assumed. o start at:_o when th? resonant pgrticles are

eration through a field aligned potential drop which also ac—nOt yet disturbed. Taking th_e partilcle trajgctory in the pres-

celerates electrons downwards producing “inverted V" elec-ence of EMIC waves, the dispersion refation, the changg n

tron distributions. Collin et al. (1986) showed that the jon ¢ C1arded particle energy and growth rate are then derived
) ' for different distribution indices in the presence of up flow-

beam energy 1 closely related to the magnitude of the poTng ion beams, in anisotropic plasma by the particle aspect
tential drop estimated from the enhancement of the eIectro%lnalysis

loss cones. In order'to examine up flowing ions only near The basic mathematical treatment of EMIC waves using
the auroral acceleration region, data were used from onI){h e particle aspect approach is given by Misra and Tiwari

?hear petrrllgee Whl'Ch was at gn”‘?lt'tl:del ozgggutRAl_:ﬁ)ver i (1979). The left-handed circularly polarized waves, having
e southern polar region (Collin et al., )- Irwar €t an angular frequenay, are considered as:

al. (2006) have stated that the ion beam considered does not
follow the loss-cone distribution, it is background plasma of Bx = Bcoskz —wt)

the auroral acceleration region which may permit the generalp, = Bsin(kz — wt) (1)
loss-cone distribution due to converging magnetic field lines.
The ion beam is supposed to follow the drifting general loss-
cone distribution function (Gomberoff, 1992). The ion beam
in the direction of the wave motion may damp these wavesB = BxC0s(kz) X + Bysin(kz) § (2
if the ion beam velocity is smaller than the phase velocity of\ynere the following transformation has been performed:
the wave; however, the ion beam opposite to the wave motion ave _lab

may excite the waves, as reported in this paper. In our preserit =z —(w/k)t

paper, we have considered the electrodynamics of the auroral*®€ = v'2° — (k) 3)

2 Basic trajectories

When the system is co-moving with the waves, the electric
field vanishes. Thus the wave magnetic field has the form
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Sinceck/w > 1, the magnetic field amplitude may be re- 5 Dispersion relation
garded in both system as identical. Using the equation of ion _ _ _
motion in the presence of the wave, Misra and Tiwari (1979), The dispersion equation for hot plasma for the electro-

have derived the ion perturbed velocities as magnetic ion cyclotron wave (Cornwall and Schulz, 1971;
Gomberoff, 1992; Patel et al., 2011) in auroral acceleration
RO (Vi — /K . . ) S
SV, = kVa( \(\,a g/)]) [cos(kz — wr — ) region are dezflned in the magne2t|c field as
—egos(kj—a):—\ll—(kv —(@—Qu)D)] R +w—‘2’eA L b oy = kVo)® 8)
hQu V. . ’ @2 Qi(Q—w) *7 w2 Qi (Q—w+kVp)
- aVl,a
Wit = € V)) o — (@ — 2a)] [costkz —wr =) Where, 2, = 47" defines the plasma frequency for the

—eCogkz—wt =V — (kV)| ¢ — (@ — Q)1)] (4) electronswpl 4””'6 defines the plasma frequency for the

Wheres = 0 for non resonant and =1 for resonant par- 10NS,Ae=(J+1){}>< Vi — 1is the thermal anisotropies of elec-
T le
ticles, V_, and V), are the initial value of the velocities trons (Gomberoff and Cuperman, 1981).

att =0, o =i,e stands for ions and electron core plasma,

h= Bio is the ratio of electromagnetic to static magnetic field

. . . 6 Energy balance
amplitude Q4 = % is the cyclotron frequency and is the 9y

initial phase in perpendicular velocity. The energy of the electromagnetic waefor the plasma is
defined by the expression as, (Misra and Tiwari, 1979; Patel
etal., 2011)

3 Density perturbations 1
U= <16ﬂ> [ (weir) Ef Ek+|B|2}

The perturbed density; is obtained by the method outlined

in reference (Ahirwar et al., 2006a, 2007) Whereg; is the dielectric tensor. After the calculation the
electromagnetic wave energy per unit wavelength is given

Neq= 182 V1 ok N (V) 5 [cosy —¢ cosyo+e1 Asin(x —Ar)] by:

[k Vo= (@0—Q0)]

AB® 1 (no/n) (@ —kVp)
© " & wpi[(ﬂ ) o ©)

{wa—kaw+kVDQb+k2V§} SeAe:| AB2

Where,x =kz—wt — ¥, A=kV) o — (0 — Q).

®2(Q—w+kVp)? wh? | 8
The total wave energy per unit wave lengtls given by,
4 Distribution function Wy = U+ W,

We choose the general loss-cone distribution function forWhere,
electron and ion core of background plasma

2
. ) 5 /dz/dlﬂ/deVm/anoE
Ne, aV \% V
= pl -2 ©) 0

o0 oo

TLa VIllat? Tha ‘T« [(N+n1)(V+8V) -NV3, (10)
WhefeVrzu = 2Mla VTZL J+1 1 Miw o —je We find the parallelW,. and perpendiculaW, . non-
stands for |gn and electron gore plasma. resonant energy with =0, by Egs. (4), (5), (6) and (9) for

The drifting general loss-cone distribution function for ion background plasma, (Ahirwar etal., 2006a, 2007; Patel etal.,
beam (Gomberoff, 1992) is defined as, 011)
27 2 2 W MB2 €y @po [ )+ 2 70 )]

npV \% Vi—Vi Hc,a:__Tﬂ =Z1(q 2(Sa

No (V)= 2(J+i)b ex <_ > -t 7 2 ) B Vi K kVTa
w32V V! Viip Viib

(7) Where,Z(&,) = \/i; 70 exp(—?)

(x—&x)
Where, Vp is the velocity of drifting beam related to the 1 exp
background core plasméiz 1 and V|, represent perpen-  Zj(&,) = / 2
dicular and parallel thermal velocities of the ion beam. ﬁ ks (x —&y)
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exp(— ®— %

Zo(E) d =T e
2(6) «/_/ (x —Ea)3 : kV7 o

Wyiica =
Similarly the perpendicular non resonant energy is given by '~ 2

the expression

2 87 c2k?

Qg
(Zl(foz)_kVT” ZZ(EO! )j|

kVr)|a kVT2||a

A B2 02, 2Qy Q2
WJ_c,ot = S a_ DJ 1- ('i:a)'i' Z (é,-:a)

2Cy
+3
Tl

And parallel, perpendicular non resonant energies of beam

is,

W, )\,Bz CJ np wp|
b= ""6_ >
I 87 VTZanC c2k?

(o g ) (o)
1{ Sb— —>— 2\ Sb— ——
2 Vrin/  kVrb Vrib
)\.B a)p| np ZQb VD
Wip = D,(1- Z( -
b= 287 22 n [ J( kVr|b <§b VT||b>
Q2 V 2C
+—b 7 (zb——VD ))+ i
kVTIIb T||b VT||b
Vb Qp Vb
Zl(éb— )— Zz(é“b— ))]
( Vrin/)  kVrp Vriib

&) 2
_ 1 exp(—x?)
) = | oy dx

—00

Vb 1 ]Oexp(—xz)
Z1( - - | 2 gy,
1<§b VT||b> V)= tw)? g

Where Z(gb— Voo

Vi) T VY x—tp)® kVrib

o0 52
Zz(é“ —ﬁ) == [ P gx, whereg, = 2=K/p-%
oo

o0
2 21,2041 4
Cj,(),:z.]—]_/dVJ_VJ_ expy — >
VT(L g 0 Vila

2r i 2v,2J ( Vf )
=———— [dViV{exp| —
o 2(J+1 / 1V 2
VT(LJ“)J!O Vila

Dy,

Effect of ion beam on electromagnetic ion cyclotron instability

The perpendicular and the parallel resonant energy of the
core plasma, witls =1 is,

f B2 pa Qz

V2 2
w—Q

212 12 (J+1) TZM( a)
ks keVr|a VTW Qq

w—2qy
exp<— (er|a > ) (13)

2
«/_[ B%w pot QZ
2 CZkZ kZVTHa

V2 w—Q
1 Tla o 1
[m i (8 }
ex 0= )* 14
P\~ (kVTa ) (14)

For ion beam resonant parallel and perpendicular energy is
defined as,

WrJ_c,a -

W = Yt
rite 2 2k2 ne kZVTHb
2
Uit ub(w—ka—szb)
TI|b $2b
exp| — m ? (15)
kVT”b
W1y = VT B“’pl”b R
r

2 2 g kZVT”b

—kVp—Q
|:(J_|_1) T1b (w QD b>+1]
VT||b b

w—kVo—b\?
exp<_<—kVT||b >> (16)

Total resonant energy is given as

Weii = Wrjje.o + Wrip 17)
WrJ_ = WrJ_c,oc + WrJ_b (18)

The expressions for resonant energies Eqs. (12)—(17) depend
upont. In numerical calculations since the change in en-
ergy was evaluated per unit wave length the t was replaced
by 27/w, hence the growth rate was evaluated.

7 Growth rate

The total non resonant energy of core plasma and beam in

parallel and perpendicular direction is

Wi =Wijica+Wjp (11)

Wi=Wicoa+Wip (12)

Ann. Geophys., 29, 1469478 2011

From the energy conservation law, we can easily obtain an
expression for the growth/damping rateof the wave (Patel
etal., 2011),

d
—[W,+Ww]=0
dt[ +Wwl

www.ann-geophys.net/29/1469/2011/
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Thus,y = — 2/t N=o ( 209 + 302 — 209 k Vb — 20 + 300>
Where,W, = Wr_—i—WrH, Ww =U+W; andW; = W;_+ 5
Wi +1k2VE+ 20k Vo — 4wk Vo )
Hence the growth rate is obtained as
g +w§e<2AeQ?—2Aein+AeQikVD)
Y _ A+ (np/nc) B 2,252 2,2 2,3
Q zkzc 2k2w 22 29, 2 nb/}’lc ZQbfa)’ 2 +<—2C k QI +2C k Q|(1)_C k Q| VD)
P +3 +7 5 g=w
“h From Eq. (18)
(19) »
y=— (22)
Q- V2. 1 {exp(— (0 — )2 0
kVryji Qi VA k2VE, Where
q 9 , V2 (- )2 P =Qi(A+(np/nc) B)
_ o —
B:kvb [ bQ d (J+1) TZJ‘b—1:|eXp<—2—2b>
Tib| %% Vi ki 22, R0 PR 1(20-w)\?
Q=ck e et o gt
oo 1 (np/ne) (o) | @~k Vow+k Vo Qup+k2V3E g ) P '
- (Qi—w)2 Qp (1)2(S2b—a)—l—kVD)2 _I_”b/nc ZQb——w,
2 Qp—a’
Where, o' = w —kVp, (J+l) ”' —1 is the effective ther-  Thus growth length is obtained from Egs. (19), (20) and (21)
il as
mal anisotropy of core an¢/ +1) ”b —1 is the effective M 0
Vi Lg=—x— (23)
thermal anisotropy of beam. NP

Here it is noticed that the ion beanVy{) has affected
the growth rate and change in energy for the eIectromag9 Result and discussion
netic ion cyclotron waves propagating parallel to the mag-
netic field with a general loss-cone distribution function for |y the numerical calculation of the growth rate, parallel and
core plasma. perpendicular resonant energies, we have used the follow-
ing parameters for the auroral acceleration region plasma
(Mishra and Tiwari, 2006; Ahirwar et al., 2006b; Gomberoff

8 Growth length and Cuperman, 1981; Daughton and Gary, 1998)
The growth length of the electromagnetic ion cyclotron wave Bg=4300nT Qi~Qp=412s1
is derived from (Tiwari et al., 2008) V2
de=tle —0.1-2
Vg Tiie
Lg= m (20)  1.=25-50eV, Vr|i=6.41x 10 cms?
2
Where,y is growth rate Vg is group velocity of the wave. ai = % =10-50
do wge=318x10°s? Wl =1732x10Ps?
9=~ i
dk p=to—3 ap= kb =1
g T||b
dovo M . .
T (21) Equations (16)—(18), (22) have been evaluated numerically

using Matlab Software to solve the growth rate and wave en-
Where ergies exchange between wave and particles.
The effect of the ion beam velocity/()), thermal electron

_ 2(. 2 26, 2 , 2
M = (“) Vo+2nkVpQi—2nk Voo —21n0Vpi+2nw VD) anisotropy define byle = (J +1) - ”e —1 and thermal ion

THe
2 2 w
T, (AeQi Vb + AL VD) + anisotropy define byt = (J +1) 7 ”' —1 with different dis-
Viij
<3c2k252i Vow — 3c2k2Q2Vp — 2c2k%Q} tribution indicesJ on the waves growth rate and resonant
A g o energies is predicted. We have shown that EMIC wave parti-
—4ck QU 0 —2ck Qjw ) cle interaction in the auroral acceleration region by graphical

www.ann-geophys.net/29/1469/2011/ Ann. Geophys., 29, W68-2011
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Fig. 1. Variation of Growth rate}/2) versusk, for different values 5 .60
of Vp at fixed values of electron thermal anisotropy,= 3 x 1071 S 80|
and ion thermal anisotropy}; = 10 for hot plasma af =2, 1, 0, = 100 4 —e— V,;=1x107 cis
respectively. _a V=7x10" cmis
-120 + V,=-2x10° cmis
. . . -140 -
presentation. In auroral acceleration region the EMIC wave 160 J=2

instability is determined as predicted by above figures.

Figure 1 shows the variation of growth rate versus waverig > variation of perpendicular resonant energy, () versusk
vectork at different distribution indiced =0, 1, 2 respec- 4 fixed values of electron thermal anisotropy = 3 x 10~1 and
tiVG'y and different ion beam velocity. It is assumed that the jon thermal anisotropyA; = 10 for hot plasma at =0, 1, 2 for
ion beam is directed from the ionosphere towards the magnedifferent values o#/p.
totail and therefore negative. It is observed that the effect of
increasing the ion beam velocity is to reduce the growth rate
that may be due to the transfer of wave energy to the beam. Figure 2 depicts that the variations of perpendicular reso-
The steepness of loss-cone distribution increases the growthant energy W, ) versus wave vectat. This observation
rate as reported earlier (Ahirwar et al., 2007). The increasavas found for different ion beam velocity at different distri-
in the loss-cone index shifts the peak of growth rate towardsbution indexJ for fixed ion and electron thermal anisotropy.
the lower side of the wave numbgrand the peak value of When we increase the value of ion beam velocity the reso-
the growth rate also increases. Thus, the mirror-like structuremant energy in perpendicular direction decreases, the cause
of the magnetosphere with a steep loss-cone distribution mawf it is that the ion beam extracts more energy from the wave
be unstable for the EMIC wave emission. and the perpendicular wave energy was consumed in EMIC

Up going, counter streaming and down going field-alignedwave excitation. The distribution indek enhances the per-
electron beams are also often associated with up flowing ionpendicular resonant energy reduction as evident by the fig-
with canonical pitch angle distribution over the auroral re- ure. The correlation of the EMIC ion conic with phenom-
gion (Lund et al., 2000, 2001; Yoshioka et al., 2000). Theena which are associated with ion thermal anisotropy play
electromagnetic ion-cyclotron wave generates a field-alignedn significant role in transverse ion cooling in the aurora by
electron (Temerin and Roth, 1986), but they accelerate electhe wave excitation. The particles heaving greater energy
trons downward. In the present investigation it is noted thatas compared to the wave transfer energy to the wave via
ion beam are also generated by EMIC wave opposite to theyclotron interaction and the wave growth is possible. The
direction of the propagation of the EMIC wave. negativeW, | indicates that the particle energy is transferred

Ann. Geophys., 29, 1469478 2011 www.ann-geophys.net/29/1469/2011/
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25 - ‘ 18 -
20 —e— Vp=-1x10"cmis 16 1 — 1
4 —*— T.=5
g —m— V=-7x10"cm/s £ 14 4 o0
© 15 | —a— Vp=-2x10%cm/s g, 121
[} 1=0 ‘;‘ 10 4
= = 3
= 10 | 81
6 4
5 1 4]
24
0 ‘ o
0 2 4 6 8 10 0 2 4 6 8
k x 107 cm? ——
50 - Fig. 4. Variation of growth length £g) versus wave vectak, for
Vo=-1x107 cm/s different vallies of beam thermal anisotropies at fixed values of
40 , Ae=3x10"1 and4; = 10.
S —8—  \p=-7x10"cm/s
30 | —a— Vp=2x10%cm/s
(]
=50 | ion indi =0, g is study w
S20 tion indicesJ =0, 1 and 2 respectably. In this study we
observed the effect of ion beam velocity on parallel reso-
10 4 nant energy of hot plasma. The effect of increasing value
0 of ion beam velocity is to decrease the parallel resonant en-
1

ergy through the EMIC wave. The effect of increasing value
of distribution index/ is to increase the parallel resonant en-
ergy of the ions. This may be due to the mirroring effect of
ions and interchange of energy between particle and wave.

100 Figure 4 indicates the variation of growth lengthgf
80 | ——\,=1x10" cmls versus wave vectok at fixed_ values of ele_ctron thermal
e ey = 7x10" emls anisotropy,Ae=3x 101 and ion thermal anisotropy =
S 60 b 10 for hot plasma af = 2 for different values of beam ther-
> —4—Vp=-2x10" cm/s mal anisotropies. It is clear from figure that initially growth
© 40 1 length decreases with increase in wave vector and after about
;r 20 | J=2 k =~3x 10" growth length increases with the increase of
wave vector and the increasing values of ion beam thermal
0 ‘ anisotropy decrease the growth length of the waves. The

0 2 4 6 8 10 growth length is in accordance to the growth rate, however
kx 10" cm? the distance between the auroral acceleration region and the
lower ionosphere is not sufficient for the wave to achieve its
Fig. 3. Variation of parallel resonant energyf|) versusk at fixed peak. The wave may not be completely excited/ dissipated
values of electron thermal anisotropye =3x 10~ and ion ther- by wave particle interaction mechanism and some other phe-
mal anisotropyA; = 10 for hot plasma af =0, 1, 2 for different nomena may be required.
values ofVp. Figure 5 shows the variation of Growth rate/Q2), paral-
lel resonant energyW,;), and perpendicular resonant en-
ergy (W,1) versusk, for different values of beam ther-
to the wave. Thus, wave emission occurs by extracting enmg| anisotropies ;) at fixed values of electron thermal
ergy from the ion moving perpendicular to the magnetic gnjsotropy,4e = 3 x 10~ and ion thermal anisotropy}j =
field. Recently transversely accelerated ions and their assorq for hot plasma at distribution indek= 2. Itis clear from
ciation with EMIC waves have been reported by the anal-figyre that the growth rate and parallel energy increase with
ysis of FAST observations (Lund et al., 2000). The steepjncreasing the beam thermal anisotropy. Thus beam thermal
loss-cone decreases the energy of the transversely accelginisotropy also contributes toward the growth of the EMIC
atfed ions_ through the EMIC instability in the auroral acceler-\yayve. Whereas, there is a reduction in perpendicular energy
ation region. increases with increasing beam thermal anisotropy, means

In Fig. 3 we showed the variation of parallel resonant that beam thermal anisotropy may be a source of energy for
energy versus wave vectdér These figures exhibit paral- waves in earth’s magnetosphere.

lel resonant energy of hot plasma at fixed electron thermal
anisotropy A¢) and ion thermal anisotropy() for distribu-

www.ann-geophys.net/29/1469/2011/ Ann. Geophys., 29, 1W68-2011



1476 S. Patel et al.: Effect of ion beam on electromagnetic ion cyclotron instability

9 q 4
8 | - 351 J=2,n,;=0.04
P —— J=2,T,=10 3] o
7 4 / ' -o-m--- 3= T,=20 . 3=2,n,%0.2
;a0 s —3m2. T30 i 251 J=2,1,=0.8
. 6 / \\ — 24
/ . X
o .
= 59 / N g 154
é- 4] i [ TN > 1]
3 - g 05 -
5 0 ‘
0 1 2 3 4 5 6 7 8
l .
0

100

o ‘ 90 {
80 1
7
50 ] g 701
(8]
100 g
100 | LI
E .150 | 2 40/
5 ’ 30 4
o - B K
¢ -200 . . 2 |
. -,
= -250 4 s K 10
PR ¢ 0 { . . . . ; d s
-300 -| K J/ J=2,Ty=10 0 1 2 3 4 5 6 7 8
N ---m--- 322, T,=20
-350 | A_- — & — J=2,T,=30
-400
kx107em?*
0 : : ‘
200 o 2 3 s
180 |
160 - -40 1
140 g -60 4
.
j=2
g 120 | S 80
;E 100 | % ~100 |
80 -
-120 1 J=2,n,=0.04
60 - o
140 4 J=2,n,70.2
40
0 -160
o -180

k x 107 cm™? Fig. 6. Variation of Growth rate %/2), parallel resonant energy
(Wr1)), perpendicular resonant energ,(, ) versus wave vector
Fig. 5. Variation of Growth rate ¥/2), parallel resonant energy k, for different values of beam densities at fixed valuesdgf=
(W,)), perpendicular resonant enerdy,(, ) versusk, for different 3x10~1 andA; = 10 for hot plasma af = 2.

values of beam thermal anisotropies at fixed valdigs= 3 x 10‘1,
Aj =10 for hot plasma af = 2.

mal anisotropy,A; = 10 for hot plasma af =2 for differ-
ent values of beam densities. It is clear that growth rate is
EMIC waves are important in magnetospheric dynamicsdecreased with increase in density of beam whereas paral-
since they are able to cause heating of the thermal plasmigl resonant energy and reduction in perpendicular resonant
(Horne and Thorne, 1997), and pitch angle scattering an@nergies are increased with increase in beam density. Thus
loss of both ring current ions and relativistic electrons. A beam density also contributes similar to the beam velocity in
quantitative assessment of the ability of EMIC waves to scatthe dynamic if EMIC wave. In this study we have consid-
ter relativistic electrons is complicated by the fact that, for aered only one ion species. However, in the auroral acceler-
specified hot ion population, the most unstable excited waveation region, there are several ion species drifting relative to
frequencies tend to be lower (higher) in regions of highereach other. The presence of various drifting ion affects the
(lower) density. EMIC waves also tend to have group ve-hot plasma dispersion relation (Cornwall and Schulz, 1971).
locities closely aligned with the magnetic field, which ef- The present basic model can be useful to explain some of
fectively prevents higher-frequency waves, excited in lower-the observations qualitatively and may be useful to explain
density regions, from accessing high-density regions wherderpendicular energisation in the extended solar corona.
the resonant electron energies are lower.

Figure 6 shows the variation of Growth rate, perpendicu-
lar and parallel energy versus wave vedtaat fixed values
of electron thermal anisotropyie = 3x 101 and ion ther-
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10 Conclusion Ann. Geophys., 25, 557-568pi:10.5194/angeo-25-557-2007
2007.

Present study indicates that hot anisotropic plasma maynderson, B. J., Erlandsop, R. E., _and _Zanetti, L.J:oA statistical
play a significant role in the description of auroral dynamic ~ Study of Pc 1-2 magnetic pulsations in the equatorial magneto-
by EMIC instability. The role of ion beam velocity and sphere, 1, Equatorial occurrence distributions, J. Geophys. Res.,

. . g g 97, 3075-3088, 1992a.
beam anisotropy with loss-cone distribution function in hot Anderson, B. J., Erlandson, R. E., and Zanetti, L. J.: A statistical

gnlsotroplc pla§ma should be tak_en Into account .Of deal- study of Pc 1-2 magnetic pulsations in the equatorial magneto-
ing the Qynamlcsl (_)f EMlC wave in mag_netOSphe”C plas- sphere, 2, Wave properties, J. Geophys. Res., 97, 3089-3101,
mas. This analysis indicates that beam anisotropy also play a 1992,

source of energy for wave whereas, beam density, and beamyraysy, T., Mursula, K., and Marklund, G.: lon cyclotron waves
velocities opposite to wave propagation control the dynam- during a great magnetic storm observed by Freja double-probe
ics of ion cyclotron waves significantly and may be the cause electric field instrument, J. Geophys. Res., 103, 4145-4155,
of dissipation of EMIC wave in the auroral acceleration re- 1998.

gion and growth length shows the length requires for waveCattell, C. A., Mozer, F. S., Roth, I., Anderson, R. R., Elphic, R.
excitation in hot plasma. C., Lennartsson, W., and Ungstrup, E.: ISEE 1 observations of

: : lectrostatic ion cyclotron waves in association with ion beams
Th rpendicular, parallel resonant energi rowth r € o
e perpendicular, parallel resonant energies, growth rate on auroral field lines from-2.5 to 4.5Re, J. Geophys. Res., 96,

and gr<_)wth Ie_ngth, _explam the wave scenario in auroral ac- 11421-11439, 1991.

Celeratlor_1 region. Itis applicable to explain EMIC wave phe_- Collin, H. L., Shelley, E. G., Ghielmetti, A. G., and Sherp, R.

nomena in earth’s magnetosphere. The effect of increasing p . opservations of transverse and parallel acceleration of ter-

ion beam velocity is to reduce the growth rate that may be restrial ions at high altitudes in ion acceleration in the magne-
due to a shifting of the resonance condition. This is an ex- tosphere and ionosphere, Tom Chang, American Geophysical

ample demonstrating that EMIC waves serve as media for Union, Washington, 67, 1986.

energy transfer from hot plasma to the cold plasma. TheCollin, H. L., Peterson, W. K., Lennartsson, O. W., and Drake, J.

hot plasma provides the free energy for wave generation and F.: The seasonal variation of Auroral lon Beams, Geophys. Res.

the subsequent damping of these waves heats up the cold et 25(21), 4071-4074, 1998. N _
plasma (Fok, 2005). In view of the observations of EMIC Cornwg!l,_ J. M and _Schulz, M.: Electromagnetl_c ion-cyclotron in-
wave around the auroral acceleration region our theoretical St2pilities in multicomponent magnetospheric plasma, J. Geo-

investigation indicate that the EMIC wave emission and the phys. Res., 76, 7791-7796, 1971.

. ; L Daughton, W. and Gary, S. P.: Electromagnetic proton/proton in-

related phenomena_can be_ sunably_des_,cnbed cqn5|der_|ng the stabilities in the solar wind, J. Geophys. Res., 103(A9), 20613—

general loss-cone distribution function in the anisotropic hot  >0620 199s.

plasma, which may be the cause of ring current destabilizapuan, S. P, Li, Z, Y., and Liu, Z. X.: Kinetic Alfven waves driven

tion and pitch angle scattering. The EMIC waves resulting in by the density inhomogeneity in the presence of loss-cone distri-
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