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Disperson equation isanayzed for field digned ion-cyclotron wavesin atwo-dimensiona (2D) magnetospheric plasmawith
circular magnetic field lines The seady-gate bi-Maxwellian distribution function is used to mode the energetic protons in a
hydrogen plasmaaat the geostationary orhit. Asin the uniform magnetic fidd, the growth rate of the proton-cyclotron instability
(PCI) in a 2D magnetospheric plasma is defined by the contribution of the energetic iong/pratons to the imaginary part of the
transverse permittivity dements. It is shown that the PCI growth rate in 2D axisymmetric magnetosphere can be significantly
smaller than that is for the straight magnetic field case with the same macroscopic bulk parameters

PACS: 94.30.cq, 94.30.Hn
1. INTRODUCTION

Cyclotron waves are an important constituent of
plasmas in solar corona, solar wind and planetary
magnetospheres. As it is known, energetic particles with
anisotropic temperature can excite a wide class of
cyclotron wave ingtabilities. Kinetic theory of such waves
in the straight magnetic field plasmas is developed very
well, see e.g. Refs. [1-6]. However, plasma models in the
straight magnetic field are quite rough for planetary
magnetospheres which are three-dimensional in the
generd case. Asmore suitable, the Earth’s magnetosphere
can be considered as a two-dimensional (2D) dipole
magnetic field configuration. Ancther interesting 2D
magnetospheric plasma model is a configuration with
circular magnetic field lines, which is artificia but
simpler and helpful to describe the principa wave
processes in the Earth’'s magnetosphere. The dispersion
equations for cyclotron waves in magnetospheric plasmas
with dipole and circular magnetic field lines were derived
in Ref. [7]. In this paper we analyze the dispersion
characteristics of the electromagnetic ion-cyclotron
(EMIC) waves in the hydrogen plasma confined in the
last plasma model including the energetic protonswith the
bi-Maxwellian distribution function.

2. DISPERSION EQUATION FOR FIELD-
ALIGNED CYCLOTRON WAVES

According to Ref. [7], the dispersion equations for
field aligned cyclotron waves in magnetospheric plasmas
with circular magnetic field lines can be rewritten by
analogy with the straight magnetic field casein the form:

& npc 5
————% =1+2g e L 1
WR Lq ﬂ a I(s)( ) ()

where s denotes the particle species (electron, proton,
heavy ions); n is the mode number aong the geomagnetic
field; L=R/(R,cosq) is the non-dimensonal L-shell

parameter; q is the geographica latitude; and the
transverse permittivity elementsare
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Note, that Eq. (2) describes the contribution of any
kind of the trapped particles to €', . The corresponding
expressions for electrons and ions can be obtained from
(2) by replacing the temperatures T, and T,, density N,

mass M, charge e by the electron Tee, Tae, Ne, Mg, € and
ion Ta, Tri, N, M;, & parameters, respectively.
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Our disperson equation is suitable to analyze the
instabilities of both the right-hand (if 1=1) and left-hand
(if 1=-1) polarized waves. Further, Eq. (1) should be
resolved numerically for the real and imaginary parts of
the wave frequency, w=Rew+i Imw, to define the
instability conditions. Asit is well known, in the straight
magnetic field case, the squared refractive index of the
EMIC waves (I = -1) in the hydrogen plasmais defined by
the expression
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where W2, =4pN e’ /M , is the squared proton plasma
frequency, Ng= Nc+Ny; Nc and N, are the densties of the
cold and hot protons, respectively;
W, = eB(L.,0) _ Wi030
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is the cyclotron frequency of the L-shell protons at the
equatorial plane. Since the parallel wavenumber k; is

connected with the mode numbersn as k; = np /[R,Lq,],

for plasmasphere with circular magnetic field lines, so
that the mode numbers can be estimated as
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Where as the increment (decrement) of the EMIC waves
in a hydrogen plasma g, if g =Imw << Rew, is defined
by the expression

9,

c0

Rew g

(4)

n»

Rew (W, - Rew)’

»2 W (2w, - Rew)

me

o ©)

where
- V\/,thco\/a gReW
o Z(REW)2 k1|VT||h 8 \Nco

Rew ¢,

& Rewgm, O
& W, BT,

Ime

" exp hew' Mo g
g kﬂVTHh ﬂH

By index 'h’ we denote the plasma parameters for the
resonant hot protons. Asfollows from Egs. (3), the proton
cyclotron instability (PCl) of EMIC waves, g >0, is

possibleif Ime_,, <0,i.e,if T,, >T,,.

3. NUMERICAL RESULTS

Now, let us compare the PClI growth rates in the
plasmas confined in the straight magnetic field g, and in
the 2D magnetosphere with circular magnetic field lines
g. For smplicity, there are considered the hydrogen
plasmas at the geostationary orbit, L=6.6, including the
cold eectrons with Ne=11cm? cold protons with
N=10 cm™, and energetic protons with N,=1 cm™. The
paralel and transverse temperatures of the energetic
protons are equal to T, =10 keV and T., =30 keV,
whereas the temperature of the cold particlesis small and
isotropic. In this case, the mode numbers n of the field
aligned EMIC waves can be defined by Egs. (3), (4); the
corresponding dependence n(w) is plotted in Fig. 1.
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Fig. 1. Dependence of the mode numbers on the wave
frequency for EMIC waves in a hydrogen plasma

The PCI growth rate g, for EMIC wavesin the straight
magnetic field plasma we estimate, as usudly, by Eq. (5).
As for g, for EMIC waves in the magnetospheric-like
plasma with circular magnetic field lines, we use the
similar expression :
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Fig. 2. The PCI growth ratesversusw for EMIC waves
in the hydrogen plasmas confined in the straight uniform
magnetic field (a) and in the 2D magnetosphere (b)

The PCI growth rates versus w are presented in
Fig. 2a for EMIC waves in the straight magnetic field
plasma by Eq. (5), and in Fig. 2b for EMIC waves in the
2D magnetosphere-like plasma with circular magnetic
field lines. The computations of g are carried out in the
interval  2HzEw£7Hz, whereas the minimal
gyrofrequency of the protons a L=6.6 is closed to
W, » 11Hz. As shown in Fg. 2a and Fig. 2b, the

instability of EMIC waves is possible for both plasma
modds in the frequency range w < W, . It should be noted

that the proton-cyclotron ingtability is impossible for EMIC
waves in the frequency range W,, <w <W,_b(q,) , where

W, b(q,) isthe maximal gyrofrequency of the protons at
the given L-shell magnetic field line.
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As one can see, the dependence gy(w) and g.(w) on the
wave frequency w are similar; however, g.(w)<<gy(w)
under the same bulk parameters. Theratio g, /g, 1 4, 10

versus w for considered magnetospheric-like plasmas is
presented in Fig. 3. This dependence is not linear; the
difference is very large (by factor 10) for EMIC wavesin
the range of w ~ 2Hz and is smaller (by factor 4) in the
range of high frequencies w ~ 7Hz .
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Fig. 3. Theratio g4/g. versus w for EMIC wavesin the
hydrogen plasmas

The large difference between g and g. is connected
with the fact that the wave-particle interaction in the
straight magnetic field plasma is more effective since the
resonant particles move along the uniform magnetic field
line with the constant paralel velocity and interact
permanently (in time) with the wave according to the well
known resonance condition w - W, =k, . As for 2D

magnetospheric plasmas, since v, * const for the trapped

particles, there is another wave-particle resonance
condition involving the particle energy, pitch angle,
cyclotron and bounce frequencies. As a result, the trapped
particle bouncing between the reflection points only part
of the bounce-time can interact effectively with the wave.

CONCLUSIONS

Dispersion equation is analyzed for EMIC waves in a
hydrogen magnetospheric plasma with circular B-fidd lines.
Asin the straight B-field plasmas, the growth rate of PCl is

defined by the contribution of the resonant particles to the
imaginary part of the transverse permittivity elements. The
comparison of the growth rates is carried out for EMIC
waves in the hydrogen plasmas with the sraight and circular
B-fidd lines under the same macroscopic bulk parameters at
the geostationary orbit L=6.6. It is shown that the PCI growth
rate in the 2D magnetosphere is much less than it is in the
sraight uniform B-field case. Of course, the smilar approach
can be used to anayze the disperson characterigtics of the
EMIC wavesin 2D magnetospheric multi-ions plasmas with
dipole and circular magnetic fied lines including the protons
and heavy ions (He", O") with the temperature anisotropy.
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HEYCTOMYMBOCTH HOHHO-IMKJIOTPOHHBIX BOJIH B 2D-MATHATOC®EPHOM IIJIA3BME
C AHM3OTPOITHOM TEMITEPATYPOM

H.H. I'puwanos, H.A. A3apenkos

[poaHam3MpoBaHO AMCHEPCHOHHOE YPAaBHEHWE HOHHO-IMKJIOTPOHHBIX BOJH, PACHPOCTPAHSIOMIMXCS MAPAUIEIBHO
T€OMarHATHOMY MO0 B ABYMepHO# (2D) marautochepHON IUia3Me ¢ KPYroBBIMH CHJIOBBIMH JIMHHSIMA YCPIKHBAFOLIETO
MarHWTHOTO TOJsL. brMakcBenoBcKast (yHKIMS pacIperiefieHusT HCTONBb30BaHa TPU MOJIENHPOBAHMN  PACHpEeIIeHIs
SHEPIUYHBIX TPOTOHOB B BOAOPOAHOW IUIa3Me BOJM3M I'€OCTAIMOHAPHBIX OpOHMT. Kak M B OZHOPOJHOM MAarHMTHOM MOJIE,
WHKPEMEHT HapaCTaHWs MPOTOHHO-IMKIOTpoHHON HeycroiumBoct (ITI[H) B 2D marmmrocdepe onpemerseTcs BKIAIOM
SHEPTUYHBIX IIPOTOHOB B MHUMYIO 4aCTh MONEPEYHOM AUAIEKTPUIECKON MpoHunaeMocTH. [TokasaHo, uto nHkpement I11IH B
2D akchanbHO-CHMMETPUYHON MarHuTocdepe MOXKeT OBITh 3HAYUTENIBHO HIDKE, YeM JUTS IUIa3Mbl B IIPSIMOM MarHHTHOM HOJIE C
TEMH K€ MAKPOCKOMMYECKUMH [TapaMeTPaMu.

HECTIMKICTDh IOHHO-IIUKJIOTPOHHUX XBWUJIb Y 2D-MATHITOC®EPHI IJIA3MI
3 AHI3OTPOIIHOIO TEMITEPATYPOIO

M.|. I'puwmanos, M.O. A3apcnkos

[poananizoBaHo quCTICpCiiHe PIBHSHHS I I0HHO-IIUKIIOTPOHHUX XBHIIb, SIKi TTOIMPIOIOTHCS B3OBK T€OMATHITHOTO TIOJIS
y mBoBEMIpHI# (2D) MariTochepHil miasMi 3 CHIIOBMMH JIHISIMH MATHITHOTO TIOJS Y BUTYIsIA Kojla. BiMakcBemiBehka (yHKITist
PO3MOTY BUKOPUCTAaHA TIPH MOJEITIOBAHHI PO3IMOALUTY €HEPrifHMX MPOTOHIB Y BOJHEBIH IUTa3Mi IMOOIH3Y TeOCTAIliOHAPHMX
opOiT. SIK i y BHIAIKY OIHOPIAHOTO MATHITHOTO IMOJIS, iHKPEMEHT 3pOCTaHHs TIPOTOHHO-IIMKIOTPOHHOI Hectidkocti (TTLH) y
2D marHiToc(hepi BU3HAYAETHCS BHECKOM SHEPriiHHUX MPOTOHIB B YSABHY YACTHHY IMOMEPEUHOI JiETCKTPUYHOI TPOHUKIIUBOCTI.
Joseneno, 1o inkpement [TI[H y 2D akcianbHO-cuMeTprdHii MardiTocdepi Moke OyTr 3HAYHO HIDKYWM, HDK JUIS TUIA3MH Y
MPSIMOMY MarHiTHOMY TIOJI 3 THMH Y CAMAMH MaKpPOCKOIIITHUMH TapaMeTpaMH.
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