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Electrostatic ion-cyclotron waves driven by parallel velocity shear
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Using a fluid treatment, it is shown that electrostatic waves with angular frequeneigs (ion
cyclotron frequencypropagating at large angles to the ambient magnetic field can be excited in a
magnetized plasma by perpendicular shear in the magnetic field aligned plasma flow. The role of
density gradients in determining the stability of shear-driven electrostatic ion-cycl@&Ghmodes

is also considered. These shear-driven modes may provide an explanation for observations of high
frequency waves in the ionosphere. ZD02 American Institute of Physics.
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In 1965 D’Angeld presented a fluid treatment of the an important effect of the stability of the EIC modes.
Kelvin—Helmholtz(KH) instability in a fully ionized plasma As a starting point we re-derived the dispersion relation
in a magnetic field. This instabilifyis excited by perpen- for the general case in whicfi,#T;, which can be ex-
dicular shear {v,,/dx) in the magnetic field aligned ion pressed in the following normalized form
flow velocity, v,,(X), wherex is the coordinate transverse to .4 1+ (a2+a2 2

- a;+as)(1+ +[Aay,(1+
B. The analysis of Ref. 1 used the continuity and momentumg [1+(@y+a) A+ ]+ Aa,(l+n]e
equations for the ions and assumed a Boltzmann equilibrium  —Saa,(1+ r)+a§(1+ 7)=0, 1)
for the electrons, with equal electron and ion temperatures B _ L _ _
T.=T,. The zero order state included a magnetic ﬁeldﬂhere {(=Qoci, ay=kpi, a;=kpi, 7=Tc/T;, A
X . . . . =\p;, with p; the ion gyroradius and the shear parameter,
aligned ion flow with a transverse velocity gradient and a

. . T D0 s . S=(Uw¢i) (v, 0X). Q=w—Kkyvo,—Kvo,, Wherew is the
nonuniform density distribution in th& direction with an cl oz yroy zroz: .
inverse e-folding length\[ = — (1/n)(an/ax)]. The usual wave angular frequency,, andv,, are the ion flow veloci

. o : ties in the y and z directiong, andk, are the wave numbers
linearization procedure led to a fourth ord@n the wave y Y z

. . . R . in the directions perpendicular and paralleBorespectively,
angular frequengydispersion relation. This dispersion rela- and\ is the inverse density gradient scale length. Equation
tion was investigated only for the case of the low frequency(l) is identical to D'Angelo’s Eq(14) for 7=1. If one ne-

(w<<.w°" \{\{herewci_:eB/mi Is the ion-cyclotron freque_n_@ty glects the/* term in Eq.(1) one obtains the excitation con-
KH instability in which the fourth order term was negligible. jisions for the KH instability.

In this Brief Communication we re-examine the full Figure 1 shows numerical solutions of EQ) for the
fourth order dispersion relation and demonstrate that parall%m and imaginary parts of for =1 (solid) and 7=5

velocity s_hear can Ie_ad to the excitation o_f ion-c_yclotron(dashed corresponding to EIC modes with~w,;. Here
modes Wltha_)~a)ci, in the abgenceof any field aligned e have takere, = — 0.5, a,=0.1 (k,/k,=5, propagation
currents(relative electron-ion drift The purpose of present- 4ngie of 79° toB) and A =0.25. These numerical values
ing these results was to show that a purely fluid mechanisrgorrespond roughly to those that might be appropriate to
(velocity shearcan give rise to an electrostatic ion-cyclotron typical laboratory(Q maching experiments. For these con-

(EIC) instability in a plasma. The resonant excitation of EIC gjtions the critical shear values,, (marginal stability for
modes in a(uniform) plasma in which the electrons drift

relative to the ions was originally analyzed using the Vlasov

equation by Drummond and RosenbldtRecently, Gavrish- 15
chakaet al,* using a kinetic analysis, investigated the effect [ ]
of parallel velocity shear on the excitation of current-driven F e -
ion acoustic and EIC modes. They found that the presence of 10 _ - ]
shear can, in some cases, drastically reduce the necessary [ ree——
critical drift velocities for the excitation of these modes. :

They also showed that even in cases in which there was no osl ]
relative electron drif{current-free cageperpendicular shear [ C -
in the parallel ion flow could lead to the excitation of mul- - i
tiple ion-cyclotron harmonics. Their Vlasov-based calcula- ol L - y
tions, however, did not include the effect of a density gradi- s

ent in the zero-order state which, as we will show can have

FIG. 1. Real and imaginary parts of the normalized wave frequency vs the
shear paramete§. Herea,=—0.5,a,=0.1, A=0.25. Solid curvesr=1,
3E|ectronic mail: robert-merlino@uiowa.edu dashed curvest=5.0.
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— Ax being the typical scale length of the velocity shear. If

=10 Ax=~p;, thenS~Av,,/C;, whereC; is the ion thermal ve-
locity. The presence of localized energetic ion beams could
7 give rise to large shear parameters necessary to excite EIC
instability. Additional calculations also indicate that the shear
values required for excitation of the EIC modes would be
lowered if the growth rates are maximized with respect to the
. ky/k, parameter. It may be important to note that the model
ol o o 1 used here does not include several efféetg., ion viscosity,

0 05 1 cyclotron dampingthat might have a bearing on the stability
A of shear-driven EIC modes.

FIG. 2. Critical values of the shear parameter for excitation of EIC modesvs ~ Finally, we point out that these results may provide an
A. Same conditions of Fig. 1 with=1.0. explanation to some experimental observations of high fre-
quency waves in the ionosphere. The implications of the ef-
fects of inhomogeneous parallel flow on ion acoustic and

excitation of the EIC modes ai$,~3.5 andS,~2.5 for 7 jon_cyciotron modes in the auroral region has been discussed
=1.0 and7r=5.0, respectively. The dependence of the criti-;, qatail in Ref. 4.

cal shear onA (normalized inverse density gradient scale
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