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The ion cyclotron instability of magnetic field aligned sheared plasma flow with two H + and O+ ion species is
investigated. The oxygen ions are assumed to be the active species while hydrogen ions are a background one, so that
the frequency of oscillation approximately equals O + cyclotron frequency. The threshold and growth rate of instability
versus the flow velocity shear and relative concentration of oxygen ions are analyzed.
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1. INTRODUCTION

The investigations of the auroral region of the Earth’s
ionosphere have discovered the inhomogeneous structures
of electrostatic potentials which are correlated with
regions of the formation and acceleration of the magnetic
field-aligned upward ion beams [1]. One of the main
signatures of these beams is the gradient of the flow
velocity across the magnetic field (flow velocity shear)
Vp;j which can reach specifically for O+ ions the values

of 6w [2]. The upflowing ion beams are mainly

composed of H+ and O+ ions the composition of
which varies significantly from beam to beam [3]. These
auroral ion beams are often correlated with electrostatic
ion cyclotron (EIC) oscillations having the cyclotron
frequencies of hydrogen and oxygen ions [4,5]. It was
shown that the flow velocity shear along with the other
mechanisms may be responsible for the excitation of EIC
waves in the auroral ionosphere due to development of
the shear-flow-driven EIC instability [6,7].

The shear-flow-driven EIC instability was studied in
plasma with single ion species. However, the application
of these results in ionosphere investigations requires
taking into account the presence of several ion
components, the relative concentrations of which are
changed significantly with the altitude in ionospheric
plasma. We have carried out the study of the shear-flow-
driven EIC instability in the sheared magnetic field-
aligned plasma flow with two, H + and O +, ion species.
The oxygen ions are assumed to be the main species,
while hydrogen ions are a background one, so that the
frequency of oscillation approximately equals the O+
cyclotron frequency. We have analyzed the dispersion
equation for ion-hydrodynamic mode of the shear-flow-
driven EIC instability assuming that the waves propagate
nearly perpendicularly to the magnetic field but under the
assumption that electrons are adiabatic.

2. THE INSTABILITY OF THE FIRST
CYCLOTRON HARMONIC

The kinetic dispersion relation for homogeneous
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mode having the frequency @(k)=nay, +k Vo, +50(k)
with |[6w(K)|D @y,. Assume, that both ion species have

the equal flow velocities Vj;, =V, and equal magnitudes
of velocity shear Vg, =V , where indexes h and | mean
the heavy O+ and light H + ions.

We first analyze the instability of the main n=1

cyclotron harmonic. For the oscillations propagating
almost across the magnetic field so that inequality

|Zi1| >1 holds the asymptotic form of W - function for
large argument W (z;)U (i/\/;Zi)(l-‘rl/ZZiz) can be

used. In this case the ion cyclotron damping can be
neglected for both light and heavy ions. The dielectric
permittivity of heavy ions can be written as
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where Gy, = Al(bh)+(1—A0(bh))/bh . In the sum over

cyclotron harmonics of light ions we retain only null
summand because of significant difference in the masses
of heavy and light ions. Then the dielectric permittivity of
light ions becomes
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where 2)y = g [N2k Vg 5 S) = Sh/\/; and g=mp/m .
The dispersion equation (1) ultimately takes the form
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is the relative concentration of heavy ions, 7 =T; /T, with
Th =T, =T;. The solution of Eq. (4) has the form
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(5) gives the instability if
inequality 40% Bin > §a)12h is met. For the wave numbers

shear-flow-driven EIC

such as Kyprp U1 and respectively k,pr [ 1 this

condition can be written as A < 4, where A =1/k,pry, is

the normalized wavelength parallel to the magnetic field,
&1 U kyprnSnBin /A (by) is the threshold wavelength of

instability for n =1 harmonic and S, U 1-Gy, + /e,
Then let us estimate the effect of the relative
concentration of heavy ions on the condition |Zh1| >1.

From the definition of z,; we have
|21 =|6|/~2k, Vi :\/kyShAl (bn)/2k; i - (6)
Taking into account that Sy, o1/ and A (by)=0.2

we obtain from Eq. (6) that the inequality |Zh1| >1 holds
when a;, [ 107k, /Spk, .
Now we investigate the effect of a; and S, on the

growth rate of the shear-flow-driven EIC instability. The
growth rate of instability obtained from Eq. (5) is
approximately
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With a decrease of ¢« the growth rate away from
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threshold decreases approximately as /o, , however, the

magnitude of threshold wavelength increases as «y, so

that the longer waves become unstable. The dependence
of the growth rate on the normalized shear Sy is

expressed by the similar relation, ie. yoc,/S, and

A o« Sy, Thus the effects of relative concentration of

oxygen ions on the growth rate and long-wavelength
threshold is identical with the flow velocity shear.

We also numerically solved the dispersion equation
(1) for the different values of relative concentration of
oxygen ions and obtained the dependence of the growth
rate versus the normalized wavelength along the magnetic
field. The results of calculations for S, =3, kypr, =1

and 7=1 are shown in Figure. The maximum of the
growth rate occurs at |Zlh| U1 what is a boundary of ion-

hydrodynamic mode which is located to the right of the
point of maximum. The Figure shows a decrease of the
growth rate as well as an increase of the long-wavelength
threshold with the decrease of ¢}, that is in a good

agreement with analytical results.
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The growth rate of instability vs the normalized
wavelength along the magnetic field for different
magnitudes of relative concentration of O + ions

2. THE INSTABILITY OF THE HIGH
CYCLOTRON HARMONICS

Now we investigate the instability of the high, nlJ 1,
cyclotron harmonics. Using the same assumptions as for
the first harmonic we sum over cyclotron harmonics at
kyPTh Onl 1 and obtain approximately the dielectric

permittivity of heavy ions as
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and z,, =a)(k)/x/§leTh ~n/\2k prn. In the
dielectric permittivity of light ions (3) we take into
account that inequality kypory [l 1 holds, so that
kyor >1 and then ¢ zl/kle& . In this case the

dispersion equation (1) takes the similar form as for the
first harmonic (4). Its solution is

5o = (@ £y )/Zﬂnh , ©)
12
where S = Nagn Ay (b)), Qpn = (&oﬁh —40'r%ﬁnh) ,

Bon #1-Gyp +7/an + /e, . The solution (9) gives the
EIC
40% Ban > §a)ﬁh is met. This condition can be also written

as A<J4,, where A,[ kyprhshﬂnh/nzph (by) is the
threshold wavelength of instability for nJ 1 harmonics.
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Note that the function A, (by) at Kyorp N0 1 has the

asymptotic form A, (by )0 (l/x/ﬂklprh )exp(—nz/Zkfp%i)

and for kypr, =n we have A, (by)~02/n that gives

An = 41 . Thus the long-wavelength threshold is the same
as for the first and high cyclotron harmonics.

Evaluating the effect of the relative concentration on
the condition |Zhn| >1, we conclude that for kypr, =n

the condition on the ay, coincides with that of the main
harmonic. Now we estimate the effect of a} and S}, on

the growth rate of high cyclotron harmonic of the shear-
flow-driven EIC instability. The growth rate of instability
obtained from Eq. (9) approximately equals

12
y0[(2n/2)-11" 281 (10)
Since the thresholds 4; and A, are equal we obtain that

the dependence of growth rate on the concentration and
the shear is the same as for the main cyclotron harmonic.
The numerical calculations confirm these results.

3. CONCLUSIONS

The presence of the light H + ion species in the
sheared plasma flow with O + ions leads to a decrease of
the growth rate of the shear-flow-driven EIC instability
with O+ ion cyclotron frequency, whereas the long-
wavelength threshold of instability is shifted toward
longer wavelengths both for the main n=1 and high
cyclotron harmonics. In so doing the effects of relative
concentration of oxygen ions on the growth rate and long-
wavelength threshold is identical to the flow velocity
shear.
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BO3BYKJIAEMAS LIMPOM IIOTOKOBOI CKOPOCTH MOHHAS IMKJIOTPOHHASI
HEYCTOMYUBOCTH IOTOKA MHOTOKOMITIOHEHTHOJ¥ IJIA3MbI BJ10J1Ib MATHUTHOT'O ITOJISI

M.B. Yubucoe, B.C. Muxaitnenko, K.H. Cmenanoes

HccnenoBana MOHHAS LUKJIOTPOHHAS HEYCTOWYMBOCTH CABUTOBOTO TEUEHHUS IUIA3Mbl BIOJIb MAarHUTHOTO IOJS C
aeymsi copramu, H + u O+, moHOB. VOHBI KHCIIOpOJAa CYMTAIOTCS OCHOBHBIM BHIOM, TOIZa KaKk HOHBI BOJOPOIA
SIBIISIFOTCSL  (DOHOM, TaK YTO YacTOTa KoyeOaHMH IMPUOJIM3UTENIFHO paBHA IMKIOTPOHHOH uactore noHOB O +.
AHanu3upyercsi 3aBHCUMOCTh ITIOpora M HWHKpPEMEHTa HEyCTOWYMBOCTH OT TpagleHTa CKOPOCTH TEYEHHUs U
OTHOCHTEJIFHOIN KOHIIEHTPALMH HOHOB KHUCIIOPO/Ia.

3BY/KYBAHA IIMPOM IMTOTOKOBOT MBUAKOCTI IOHHA TAUKJIOTPOHHA HECTIMKICTh
ITIOTOKY BAT'ATOKOMIIOHEHTHOI IIVIA3MH B3J1OBK MAT'HITHOI'O ITOJISL

J.B. Qibicos, B.C. Muxaitnenxko, K.M. Cmenanos

JocmimkeHo i0HHa IMKIOTPOHHA HECTIMKICTh 3CYHEHOTO IMOTOKY IDIa3MH B3IOBX MArHITHOTO TOJNA 3 ABOMaA
Bugamu, H + i O+, ioHiB. [OHM KHCHIO BBaXaIOThCSI OCHOBHHM BHJIOM, TOJI SIK i10HH BOJHIO € (JOHOM, TaK IO 4acToTa
KOJIUBaHb MPHUOJIN3HO JOPIBHIOE HUKJIOTPOHHIHN yacToTi i0HIB O +. AHaJI3YEThCS 3aJIEKHICTh MOpOra Ta IHKPEMEHTa
HECTIMKOCTI Biji TpajlieHTa NIBUAKOCTI HOTOKY 1 BIITHOCHOT KOHIIEHTpallii i0HIB KHCHIO.
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