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Abstract. Spatial localization and azimuthal wave numbers 1 Introduction

m of poloidal Alfvén waves generated by energetic particles

in the magnetosphere are studied in the paper. There arEhe paper is devoted to studying drift-bounce instability
two factors that cause the wave localization across magnetighich is suggested as a generation mechanism of azimuthally
shells. First, the instability growth rate is proportional to the small-scale, ultra-low frequency waves in the magnetosphere
distribution function of the energetic particles, hence waves(@zimuthal wave numberg>>1). These waves are repre-
must be predominantly generated on magnetic shells whergented by poloidally polarized pulsations Pc4 and giant pul-
the particles are located. Second, the frequency of the genegations Pg (Takahashi, 1988, 1996). Drift-bounce instability
ated poloidal wave must coincide with the poloidal eigenfre-takes place in the presence of inverted energetic particle pop-
quency, which is a function of the radial coordinate. The ulations, i.e.df/de>0, wheref is the distribution function
combined impact of these two factors also determines thénde is the energy of the particle. Such particle popula-
azimuthal wave number of the generated oscillations. Theions associated with high- pulsations, are often observed
beams with energies about 10keV and 150 keV are considin the magnetosphere (Hughes et al., 1978, 1979; Wright et
ered. As a result, the waves are shown to be strongly localal., 2001; Baddeley et al., 2002). It is assumed that inverted
ized across magnetic shells; for the most often observed sedopulations emerge as a result of substorm injections (Karp-
ond longitudinal harmonic of poloidal Alen wave (y=2),  manetal., 1977; Glassmeier et al., 1999).

the localization region is about one Earth radius across the The features of observed ULF oscillations are probably
magnetic shells. It is shown that the drift-bounce resonancdéletermined by their sources, in this case by unstable pro-
condition does not select the value for this harmonic. For ton populations. As observations show, these oscillations
10keV particles (most often involved in the explanation of usually have negative azimuthal wave numbers;0, that
poloidal pulsations), the azimuthal wave number was showris, they propagate in the direction of the positive ion drift.
to be determined with a rather low accuraeyl00<m <O. Though they are strongly localized across the magnetic shells
The 150keV particles provide a little better but still a poor in the region about R wide (Takahashi, 1988, 1996), these
determination of this value-90<m<—70. For the funda- waves are usually rather broadly distributed in the azimuthal
mental harmonic¥=1), the azimuthal wave number is de- coordinate (Engebretson et al., 1992). In this paper an at-
termined with a better accuracy, but both of these numberdempt is taken to find out how the features of unstable pro-
are too small (if the waves are generated by 150 keV par.ton populations influence these principal features of observed
ticles), or the waves are generated on magnetic shells (ifpoloidally-polarized pulsations.

10keV case) which are too far away. The calculated val- The particles can effectively interact with ULF waves, pro-
ues ofy /w are not large enough to overcome the dampingvided that the condition of drift-bounce resonance,

on the ionosphere. All these have cast some suspicion on the _
possibility of the drift-bounce instability to generate poloidal ® —mog — Kwp=0, @

pulsations in the magnetosphere. is satisfied. Her& is an integergy, is the bounce frequency,

Keywords. Magnetospheric physics (MHD waves and in- anday is a bounce a\{eraged drift frequency. 'Glassmeier et
stabilities) — Space plasma physics (Wave-particle interac@l- (1999) argued that in the case of a mode, highly asymmet-

tions; Waves and instabilities) ric with respect to equator, this resonance condition must be
generalized, allowing for non-integdéf. These asymmetric
Correspondence tdPavel N. Mager modes can exist when the conductances of the Northern and

(p.mager@iszf.irk.ru) Southern Hemispheres are strongly different. This statement
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caused some debate (Mann and Chisham, 2000; Glassmei&, Basic equations
2000), but we are not going to consider the asymmetric _
modes and will use the resonance condition in BEywith 2.1 Input equations

integerk . . . . o
A general expression of the drift-bounce instability growth

The bounce and drift frequencies both depend on the en;4te \was obtained in a number of papers (e.g. Southwood et
ergy e of the particle. If the unstable distribution is ob- ; 19g0- Karpman et al., 1977; Chen and Hasegawa, 1988).

served, it is possible to infer the energy of the particles\ypen the energetic particles are represented by protons, the
presumably generating the simultaneously observed pOIO'daéxpression for the growth rate is as follows:
high—m wave. Knowingg, it is possible to calculate; and

g and, after substituting them into Ed.)( to calculate the _ = 3)
azimuthal wave number, v = VK-
4 g2 of w
w— Kwp -1 O i ol

m:(I)—d YK o2 MZBOLRE[ e (1 o )Cl)b

x 8(w — mag — Kwp)G?(, €)dude, (4)
Then, it is possible to compare this number with the re- b
ally measuredr value. The comparison usually gives good G, E):fa vy wa JoFy cosl (Ddl, ®)
agreement (Glassmeier et al., 1999; Wright et al., 2001; Bad- ;
deley et al., 2002). It should be noted that in writing the 0b‘1(1)=/ | L — mwyg)dl. (6)
served value asi+Am, the errorAm is usually attributed a

to the measurement rather than to the nature of the wave
tacitly implying that the realn number of the wave has a
well-defined value.

HereK is an integerM, q, € anduzvi/ZBo are the mass,

charge, energy and the magnetic moment of a pratony
are the transverse and the longitudinal components of the

It should be mentioned, however, that the resonance Conparticle velocity, R is the Earth radiusBo=Bx L2 is the

dition Eq. (1) is important only as a part of the growth rate equatorial magnetic field valué, is the Mcllwain parame-
expression, ter; Bg is the magnetic field on the Earth’s surfaaeis the

Alfv én wave frequencyy is the longitudinal harmonic num-

ber, w, is the diamagnetic drift frequencyy, is the bounce

Y o <% 5(w — midg — wa)>’ ) frequency_;wd is the drift frequen_cyp?)d is_the_ bqunce av-

de eraged drift frequencyf (e, u, L) is the distribution func-

tion of energetic particlesjop=Jo(k v, /w.) is a zero order

where(...) means averaging over the whole velocity spaceBessel funCtloan.IS th_e gyrofrequency{l s the .Iength el-
ement along the field lines, b are points of particle reflec-

with some weight (see Sect. 2.1). The line of the argumentat_ is th imuthal bek — i< th
tion described above is valid only in the case when the growth' ©"* ™ 'St f azimuthal wave nurtn ’L_t”.'/Vt 82 IS the
ratey has a very steep and narrow dependence:om the wave veclor iransverse componegtare metric lensor com-

opposite case, the instability does not select any partieular ponents, the functiory describes the longitudinal structure

value, and the whole logic comparising the drift-bounce res-Of the Alfvén wave. Later on we will not take into account

onance theory with the experiments fails. To elucidate thisflnlte La”‘ﬁor radius effects, Stl.’:l' . :
Let us introduce a new variable=sine, whereo is the

issue, it is necessary to perform the integration over the ve- . : .
locity space and to calculate the growth rate as a function oP'tCh angle. The argument of the delta-function can be writ-
the azimuthal wave number. One of the tasks of this paper ien as

such an integration. grk(€,8)=w—mag — Kwp. )

Moreover, according to expression ER),(y is a function e denote the solution of the equation
of the wave frequency. However, for the poloidally polar-

ized wave, the wave frequency coincides with the poloidal8& (€,6)=0
eigenfrequency2 p, which depends on the radial coordinate with respect to energy as¢c. Then we substitute the inte-
L. Thus, the condition of instability can be satisfied only for gration variables, i with €, £ in Eq. @), and after that we
a certainL value. Hence, the following questions arise: How integrate over. As a result we have the integral only over
strong is the dependence of the growth rateroand L for the variablet:

the given distribution function? In particular, how sharply 2

are the poloidal Alfén waves generated by the instability ,,, — 4—nq—BoLRE [ of (1_ ﬁ) wp G2(E, €x)

localized across magnetic shells? And what values of the az- 2 M? de w

imuthal wave numbers: can these poloidal Alfén waves gk 1 2exe
have? X (¥> Bo

dg, ®)
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where all the derivatives over energy are taken in the point

€k (). @ Qp(L) a
. ()

2.2 Input functions

For the growth rate calculation we need to know the longi- ; o0n,)

tudinal structure of the poloidal Alen wave and the dis-
tribution function. The longitudinal structure of the Aém
wave in an axi-symmetric magnetosphere is approximately

described in the WKB approximation:

( g2 A >1/2 . <27TN 7 Lyeg(imny)  Lyes(imy) L
Fy=2| |=— sin / —) 9)

8174 TA Ja A I
(Leonovich and Mazur, 1993), whetg, b; are magnetocon- .
jugated points of the ionosphera, is the Alfvéen velocity,
andz, is the transit time with a local Alfen velocity along
the field line “there and back”. Although the WKB solu-
tion is strictly valid for largeN values, qualitatively, it also
describes well the wave longitudinal structure for smll

numbers considered in this paper. This function is normal-
ized as

b~

II

; A m
by 1 *-“miﬁ*-‘-‘
/ /ﬁpFﬁdlzl.

a &2 Fig. 1. Sketch of determination of the andm values of the mode
The Alfvén velocity is modeled by the expression generated by the instabilitya) determination of the mode local-
(Leonovich and Mazur, 1993) ization regionLq from the drift-bounce resonance condition and

' dependence of the poloidal eigenfrequefity on the radial coor-
_ 3/2 ;1/4 dinate;(b) selection ofn numbers generated by the instability;,
A(L,0)=Ao(4/L) f5 (), is a value determined on the selectedshell, andmigt is a total
set ofm-numbers in the whole wave localization region (the inter-

fe@)=1+ 3sir? 0)1/2 COS_GG, section of the regions determined by the resonance condition and
Qp (L) dependence, strip I, and the spatial localization of the ener-
whered is the geomagnetic latitudeg=10% km/s. getic particle population, strip I1).

We used the expression

3 Drift-bounce instability growth rate as a function of

2 2
f(E,u,L)=foexp{— (Eg:0> - (%) } (10) L andm

o _ 3.1 Formulation of the problem
as a distribution function. The most often observed unstable

distributions associated with poloidal pulsations have proton_et us clarify the task mentioned at the end of the Intro-
energies of about 10keV (Hughes et al., 1978, 1979; Wrightduction. In this paper we study the spatial localization of
et al., 2001; Baddeley et al., 2002). So, we gy#10keV.  poloidally-polarized Alfen waves generated by the drift-
For such energies, the inequality /o<1 holds in Egs.4  bounce instability in the magnetosphere. As it is seen from
and8). The amplitudefo=10>km~5s? is also chosen inac- Eq. @), the instability growth rate for the given distribu-
cordance with the observations. Henceforth we will assumeion function f (e, 1, L) and longitudinal wave structurgy
Ae=1keV. Lo and AL can vary considerably as described depends on the wave frequeneyand the azimuthal wave
below. numberm. In a two-dimensionally inhomogeneous magne-

Bumps with higher energies of about 150keV are alsotosphere, the frequency of the poloidal AdfvwaveQp de-
sometimes observed (e.g. Takahashi et al., 1990). In thipends on the radial coordinate(e.g. Leonovich and Mazur,
case, we takeo=150keV. For such values, the amplitude 1993; Mager and Klimushkin, 2002), hence the growth rate
fo=10km 553 andAe=10keV. The ratiav, /o is more sig- depends or, and the mode located near a shell with a def-
nificant in this case than in th®=10 keV; nonetheless, we inite coordinateL,.s, as is shown in Figla. On the other
will not take this into account. hand, according to Eql), » depends om:, so differentn

We omitted the pitch-angle dependency of the distributionwill give different locations of the modg,.;. Thus, the drift-
function from the calculations, because the observed particldounce resonance condition (DBRC) selects the most unsta-
distributions are usually nearly isotropic. ble region as a strip in the-m plane (Fig.1b). The width of
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they are well isolated from each other, only some particu-
lar K numbers should be taken into account. Quite the re-
verse, if they are close to each other or intersect, summation
over differentK -numbers must be performed (Pilipenko et
al., 1977).

So, after calculation of the instability growth rate for the
given distribution function is performed, we can determine
the magnetid.-shells and the azimuthal wave numbersen
which the poloidal Alf\en waves are most efficiently gener-
ated.

3.2 Contribution of different bounce harmonics

As is seen from Eqs.4(6), for odd longitudinal harmon-
2 — —— ics N=1, 3, .., odd bounce component& &£+1, £3,..) in

-800  -400 400 800 the sum Eq. ) are equal to zero, while for even harmonics
N=2,4, .., even bounce components£0, +2, ..) are equal
b) N=2 to zero_(Southwood, 1_980). Energy in _the integr_al B).ig
determined by the ratio Eq7). The ratio Eq. 7) includes
the quantitiesv, andw,, depending on the energyand the
integration variable&=sina. For odd N, the largest con-
tribution to the growth rate is made by particles always lo-
cated near the equator, i.e. with pitch-angles close /2.
For evenN, in turn, the largest contribution is made by the
particles traveling the largest distances between the turning
points, which corresponds to the smallest pitch-anglgs
(Southwood, 1980):

S o

K=3

. 1/2
- sinamin=f7(61),
l L} I L) L) ' L} I 1

L 1/2
f;=arccoy — )
L
-800  -400 0 400 800

i whereL; is the radius of the ionosphere’s external border in
units of the Earth’s radiusRg; 6; is the geomagnetic lati-
Fig. 2. Location of regions of the most effective instabilityinm ~ tude of the point where the magnetic field line crosses the
plane for variousk ande~10keV: (a) N=1 case(b) N=2 case.  top of the ionosphere. If we do not take into account the spa-
Thick solid lines correspond to the growth rate maximum location, tial localization of distribution function (L)=const), the
thin lines correspond to antimes smaller growth rate than its max- growth rate is maximal with energy values:s correspond-
imal value. The shaded region corresponds to the observed valuq'ﬁg to the function maximundf/de. For our model distri-
of azimuthal wave numbers100<m <O0. bution function Eq. 10), €.rr=co—Ae/+/2. Thus, substi-
tuting into Eq. ) the energy quantity,.;r and the pitch-
anglea=x/2 for N=1 or amin for N=2, we can determine
the strip is determined by the width of the distribution func- 5t whichZz-shells and with which: values the growth rate is
tion f with respect to particle energy. It also determines thethe |argest. The borders of region of the most effective insta-
range ofm values on a selectet shell ¢n.). We are going  pjlity are approximately determined from Eq) for particle
to elucidate how narrow this strip is, and whether it Variesenergies corresponding to the functidfy de valuese-times
more in theL or m direction. smaller than its maximal value.

The dependence of the distribution functifion the radial The most frequently observed poloidal oscillations are
coordinatel causes an additiongl(L) dependence. The lo- ysually the first or the second longitudinal harmonics,
cation of the particle population forms yet another strip in N=1, 2. The DBRC regions are shown in Figs. 2a and 3a for
the L-m plane. The region of the most efficient generation is =1 and in Figs. 2b and 3b fav=2, as regions between
situated on the intersection of those two strips (see H).  thin solid lines. It is seen in Figs. 2 and 3 that the instabil-
Thus, thef (L) dependence can assist the selection of a to-ty regions for differentk values are mutually isolated. It
tal set of azimuthal wave numbersgo of the most unstable  means that in considering some region on the: diagram,
modes in the whole wave localization region (see Em. only some selecteff -values are essential.

Different bounce harmonics in the resonance condition Observed poloidal waves usually propagate westward
Eq. @) result in different DBRC strips in them plane. If  (m<0), and havelm|-values from 50 to 100. For such
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a) N=1 a) N=1
10 — 10 -
K=-2
. K=2
8 K=0 e e e L Ry  EE
. il Ymax
m _ w
. “_‘l_ 9
49 e S e A e e e
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m 100 20 0
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m m

Fig. 3. Location of regions of the most effective instability irnm Fig. 4. Location of the regions of the most effective instability in

plane for variouk ande~150keV:(a) N=1 case(b) N=2 case. L—m plane fore~10keV:(a) for K=0 andN=1,(b) for K=1 and

Thick solid lines correspond to the growth rate maximum location, N=1. Thick solid lines correspond to the growth rate maximum lo-

thin lines correspond to antimes smaller growth rate than its max- cation, thin ones correspond to aimes smaller growth rate than

imal value. The shaded region corresponds to the observed valugg maximal value. Shaded areas show regions of the most effective

of azimuthal wave numbers100<m <O0. instability for the spatially inhomogeneous distribution. The solid
horizontal line indicates the maximum of distribution function, the
dotted lines indicates antimes smaller value.

m values and energies~10keV, only components with

K=0, 2 contribute to the growth rate for the fundamental g _g (drift resonance), and foN=2, by the component
standing harmonicN=1), and components wittlk=1, 3 K=—1 (drift-bounce resonance).

do the same for the second harmonk¥=2), because the
components withk <0 for N=1 and with K <1 for N=2
are essential only fom<—100, and the components with
K >2 for N=1 and withK >3 for N=2 are essential only for
m>0. Moreover, the energetic particles with unstable dis-Thee~10keV caseFigure4 shows the important instability
tributions with @f/d¢>0) are observed in magnetospheric regions from Fig.2 in more detail. For bothv=1, 2 lon-
regions with L~6—10Rg. It follows that for N=1 only gitudinal harmonics, the DBRC region (region between thin
the componenk =0 (drift resonance) can contribute to the solid lines in Fig.4) appeared to be strongly localized across
growth rate, and foW=2 the contribution can be made by L shells: for a certain value of: their width is less than
the componenk =1 (drift-bounce resonance). For the same 0.5 Rg. As this takes place, fon=1 the DBRC region in
reason, in the~150keV case, fov=1, the contributionto  the L-m plane is strongly localized with respect to the az-
the growth rate can be made only by the component withimuthal wave numbersu; (them-value at a certai.-shell)

3.3 y=y(L,m): qualitative considerations and numerical
calculations
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is determined with at5 accuracy. On the contrary, for the
often observed second harmonk=£2) the localization with
respect tan is weak:m  is defined with an uncertainty larger
than 30; the DBRC region runs almost parallel to thaxis
inthe L-m plane. The weak:-dependence of the growth rate
in the N=2 case is explained by the smallness of the tegm
in resonance condition Eqgr), for the observed values of the
wave period of~100 secondsy-number from-50 to—100,
and the proton energies of about 10 keV fo£1.

Let us now take into account the spatial inhomogeneity of
the particle distribution, that is, thé(L) dependence. In the
most interesting case the population is localized near those
L—shells where the DBRC regions are situated (see Bays.

b). These regions are situated néat9 in theN=1 case and ; -
nearL=6.5 Rg in the N=2 case. Let the width of the local- m
ization region be Rg. So, in our model distribution function
Eq. (L0), we will assumd.o=9 for N=1 andLo=6.5 R for
N=2, AL=0.5Rg. As a result, the region of the most ef-
fective generation of poloidal Alen waves, given the spa-
tial inhomogeneity of the population (the shaded region in
Fig. 4), is located between the magnetic shdlls8—9 for
N=1, and betweern.=6—7 Rg for N=2, thus,mi (az-
imuthal wave numbersio; in the entire wave localization
region) is enclosed in the interval from100 to 0. It should

be mentioned that poloidal waves can exist only with the val-
ues|m|>1 (Leonovich and Mazur, 1997; Klimushkin et al.,
2004), and that also limits the value af and the instabil-

ity region width onL. The maximum growth rat@may is
reached whei.=9 andm; =—50+5 for N=1, and forN =2
whenL=6.5 R andm;=—40+15.

The results of the numerical calculation of the instability
growth ratey, as a function ofL andm, are presented Fig. 5. Numerically calculated growth rate dependengy» on ra-
in Fig. 5.  The maximum growth rate for 10keV is dial coordinatd. and azimuthal wave numberfor eg=10 keV:(a)
y/0=2.410"1 for N=1, and y/w=2.2.10"3 for N=2. in N=1 case(b) in N=2 case. Dotted line corresponds to the zero
Note a slight difference between locations of the instability growth rate,=0.
regions shown in Figh (numerically calculated) and in
Fig. 4 (analytically determined). It is mainly an apparent
difference, because it is the rafige that is shown in Figs, ~ growth rate isy /o=3-10"2 for N=1, andy /&=2.10"3 for
where the eigenfrequenayitself strongly depends oh. N=2.

m

Thee~150keV caseThe DBCR region is strongly localized 4 Discussion
acrossL shells, as well as:, for both N harmonics. Then,

value is determined with an accuracy-b2 for N=1and of  The width of the distribution functiorf with respect to par-
+3 for N=2. It must be noted, however, that such a high tjcie energy is the crucial factor of the drift-bounce instabil-
accuracy is determined by the smakt value chosen in this ity growth rate, because the values of driff and bounce
paper. Inserting in Eq.10) the widthAL=05Rg and the  , frequencies depend on the enekgy The variation of
maximum location.o=6.5for N=1andLo=8 R for N=2,  these frequencies appears to be quite narrow because of the
we find the location of the most unstable region (the shadedmall width of the functionf (). Consequently, the wave
region in Fig.6) for N=1 between the magnetic shells-6  frequency range (with fixeat andK) which satisfies the res-
and 7Rg, and forN=2 between.=7.5 and 85Rg. Thus,  gnance condition Eq7} is also quite narrow. On the other
miot iS confined to the intervat 20 to—10forN=1and—90  hand, the eigenfrequency of standing Alfvwaves depends
to —70 for N=2. The maximum growth ratgmaxis reached o, the radial coordinaté. Thus, the condition of the drift-
whenL=6.5 andm=—14+2 for N=1, and forN=2 when  pounce resonance can be satisfied in the vicinity of a cer-
L=8 Rp andm=—78+3. tain L-shell. Moreover, there is another factor, namely, the
The results of numerical calculation pf{ L, m) for ener-  beam localization in the magnetosphere. The highest growth
gies 150keV are presented in Fiy.The largest value of the rate takes place when these two factors select the dame
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a) N=1
7.5

0.03

-0.03

-0.06

b) N=2

0.002

0.000

L, R,

- -0.002

-0.003

Fig. 6. Location of the regions of the most effective instabil- Fig. 7. Numerically calculated growth rate dependengy» on ra-
ity in L—m plane fore~150keV: (a) for K=—2 and N=1, (b) dial coordinateL and azimuthal wave number for eg=150 keV:

for K=—1 andN=2. Thick solid lines correspond to the growth (a)in N=1 case(a)in N=2 case.

rate maximum location, thin lines correspond toeatimes smaller

growth rate than its maximal value. Shaded areas show regions of

the most effective instability for the spatially inhomogeneous distri- Chen, 1996; Klimushkin et al., 2004), which has some exper-

bution. The solid horizontal line indicates the maximum of distri- imental support (Denton et al., 2003). The resonator width

bution function, the dotted lines indicatesatimes smaller value. is also 1R;. Outside such extreme regions, a highvave
propagates acrosk-shells, changing its polarization from
poloidal to toroidal (Leonovich and Mazur, 1993); but if the

shells. For the particles with energies10keV and waves damping rate on the ionosphere is much larger than the in-

with |m|~50-100, the beam should be located near the mag-stability growth rate, then the wave is attenuated, remaining

netic shell withL=6.5 for the second longitudinal harmonic poloidally polarized (Klimushkin, 2000), and also will be ob-

(N=2) andL=9 for the fundamental oneM=1). For parti-  served as a poloidal wave localized in a narrow rangé of

cles with energiee~150keV it isL.=8 for N=2 andL=6.5 values.

for N=1. The next important issue is the(m) dependence. As it
As it is seen from our analytical and numerical calcula- was mentioned in the Introduction, a comparison of the in-
tions, the localization width is less tharRk. This can ex-  stability theory with the observations tacitly implies thats
plain the narrow localization of the observed poloidal pul- a well-defined value, and the(m) dependence is very sharp
sation. For example, Engebretson et al. (1992) found thatind narrow, like a delta-function. Our calculations show,
poloidal wave events observed in situ are strongly localizedhowever, that the drift-bounce instability practically does not
across the magnetic shells (scale & #). On the other hand, single out a particular value ofi. It is especially evident
other explanations exist. Poloidally polarized waves can befor the oscillations withN=2, generated by 10keV parti-
enclosed in the resonator in magnetospheric regions whereles (the most often observed harmonic and the most often
the functionQp (L) has a local extremum (e.g. Vetoulis and suggested energy)z; can be determined with an accuracy
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of +15, andm>—100 can be generated. We used quite apoloidal Alfvén waves usually (though not always) have neg-
narrow distribution function in our calculationg&e~2 keV; ative m values, propagating in the direction of the positive
for wider distributions, the azimuthal wave number will be ions drift.
determined with an even smaller accuracy. Thus, the usual The values of the growth rate ape/w~10"1—10"2 for
case for the drift-bounce instability as a generation mechay=1 and y/w~1073 for N=2. These values are calcu-
nism of poloidally-polarized pulsations Pc4 and Pg (which Jated using realistic densities of the energetic particles, in
are often identified with the second longitudinal harmonic, agreement with the observed values. We used rather sharp
N=2) loses its meaning. functions f(e), broader (perhaps, more realistic) distribu-
There are additional limitations on thenumber that fol-  tions will give even smaller growth rates. The instability can
low from the fact that the conditiofm|>1 is necessary, be an effective generation mechanism if the growth rate is
but not sufficient for the poloidal polarization of the wave substantially larger than the damping rate on the ionosphere,
(Klimushkin et al., 2004). Even the values as highvais=40  which is typically 10 or 100 times smaller than the wave fre-
can be not high enough for the poloidal polarization. In orderquency. Hence, some doubts are cast upon the capability of

to increase thén| number of the mode generated by the in- the instability to overcome the attenuation on the ionosphere.
stability, the beam of energetic particles must move closer to
Earth. But in this case additional constraints arise, because
particles usually cannot penetrate into the plasmasphere. D

to a large number of these limitations, some doubts are cas
upon the possibility of those 10 keV populations to generate_. . . .
poloidal pulsations. Anyway, the corridor of possibilities is F"Stk' let us describe the methodolagical approach of this
rather narrow. wor ) ] ) ) ] N ]

For the fundamental harmonic of poloidal oscillations (i) The way in which drift-bounce instability defines local-
(N=1), the azimuthal wave number can be determined ization of poloidal Alfven oscillations across magnetic shells
with greater accuracy: for the distribution function with IS found. The wave frequency is determined from the reso-
e=10keV, m,, is determined with the accuracy éf5 and ~ nance conditiom —mawa — K w,=0. As this takes place, the
miot With the accuracy of=10, but the region of their local- frequency of the generated wawemust coincide with the
ization with observed valueg:|~50—100 is located in the polqdal eigenfrequency, which is a function of t.he radial co-
distant part of the magnetosphere with 9 Rp;. ordinate. Furtherp,; andw, depend on the particle energy,

If pulsations are excited by higher energy distributions, hence th? range dfshell_s of.generatgd waves is determined
like protons withe~150 keV considered here, the situation by the width of the distribution function with respect to en-
is almost the same. The second harmonic can hayeval-  €'9Y-
ues from—90 to—70, thoughm . is determined with the ac- (i) The distribution function also determines azimuthal
curacy+3. These oscillations can have reasonablealues ~ Wave numbers of generated oscillations. First, since the az-
only if particles are localized nedr~8. In the vicinity of imuthal wave number is involved in the resonance condition,
the geosynchronous orbit, such particles will generate wave§e radial coordinate of the generated pulsations is a func-
with [m|>100. It should be noted that the results are sensition of m. So, if L is fixed, the range of the azimuthal wave
tive to the dependence of the Aéfa velocity on the radial numbers is ultimately determined by the width of the func-'
coordinate. A weaker (L) dependence than discussed in tion f(e). Then, waves must be generated on those magnetic
our paper will result in increasing the:| number of the gen- L shells where the particles are located. By this means, az-
erated wave on the same magnetic shell, and a stronger on@uthal wave numbers of the pulsation in the whole localiza-
will do the opposite. tion region are determined.

In the N=1 case, the instability region is situated in the Let us describe the main results of our work.
vicinity of the geosynchronous orbit (Figa and7a), but

Conclusions

only rather lowm oscillations (iot~—15+5) will be gen- 1. It has been found that the functiofi(e) itself deter-
erated there. Such values are not large enough for waves mines the location and width of the generation region
to be poloidally polarized (Klimushkin et al., 2004). Though of poloidal Alfvén waves. If particles with energies
such factors as finite plasma pressure, transverse and longitu- ~10keV are responsible for the excitation, the waves
dinal equilibrium current can provide more possibilities for with reasonable: values have.~8 R (the fundamen-
moderately-high# poloidal waves to exist (Klimushkin et tal longitudinal harmonicN=1) or L~6.5 R (the sec-
al., 2004; Klimushkin and Mager, 2004a). ond harmonic, N=2 — the most often observed case).
Thus, drift-bounce instability hardly explains the observed For energies~150keV, the waves are situated near
values ofjm|. Moreover, there are problems with the expla- L>~65REg (N=1 case) orL~8 R (N=2 case). The
nation of the azimuthal wave number sign. For example, as  width of the localization region is about 1 Earth radius
is seen from Fig2b, 10 keV particles can generate the sec- in each case. This is in agreement with an observed nar-
ond standing harmonic wittr>0: nearL~7.5 Rg for K=1. row localization of the poloidal pulsations (Takahashi,

This also is true for 150 keV particles (see Fig. 3b). Thus, the 1988, 1996; Engebretson et al., 1992). However, there
drift-bounce instability cannot explain the fact that observed are other explanations of this phenomenon.
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