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Abstract-An interpretation of the stable trapping boundaries of energetic electrons and protons 
during quiet periods is given basing on a realistic magnetospheric magnetic field model. Particle 
losses are explained in terms of an ionospheric and drift loss cone filling due to a non-adiabatic 
pitch-angte scattering in the nightside magnetotail current sheet. The proposed mechanism is shown 
to provide a good agreement of the observed and calculated positions of the energetic particle 
trapping boundaries, as well as their energy dependence. The obtained results can be applied as a 
tool for investigating the magnetospheric magnetic field structure using the particle data of low- 
altitude satellites. 

1. INTRODUCTION 

Unlike the low-energy plasma, the motion of 
energetic particles with energies w B 100 keV is 
governed mainly by the magnetic field. In the 
region of the outer radiation belt (I > 3-S Re) the 
Earth’s magnetic field is distorted significantly by 
the currents flowing at the magnetopause and in 
the near-equatorial zone (plasma sheet and the ring 
current). This results in several important peculi- 
arities of the particle dynamics, including the drift- 
shell splitting and losses of particles outside the 
stable trapping region (Roederer, 1970), as well as 
the pitch-angle scattering of particles in the 
regions where their motion is not fully adiabatic 
(Taylor and Hastie, 1971). Following the pioneer- 
ing work of Williams and Mead (1965), many 
authors had studied different aspects of the evolu- 
tion of high-energy particle fluxes and the pos- 
sibility to use them as tracers of the distorted 
magnetospheric field. At this stage, however, the 
main success was achieved in the interpretation of 
solar particles (see review of Morfill and Scholer, 
1973). At the same time, the vast amount of in- 
formation on radiation belt particles obtained by 
low-altitude satellites was not used properly to 
obtain quantitative information on the changes of 
the geomagnetic field in the near-Earth region of 
the magnetosphere. Moreover, the interpretation 
of important features of particle population in the 
outer radiation belt, such as the trapping and iso- 
tropy boundaries, as well as zones of intense par- 
ticle precipitation, is unclear and controversial in 

many respects. Application of this extensive in- 
formation to studies of dynamical changes in the 
magnetospheric field presents a difficult but 
attractive problem. 

Spatial distribution of the high-energy particles 
depends in a complicated way on the temporal 
evolution of several factors, including the source 
of fresh energetic particles, their transport and 
energization, particle losses and changes of the 
magnetic field. In a number of situations it is 
difficult to distinguish between these factors and to 
extract information on the instantaneous 
configuration of the geomagnetic field. The best 
example is the expansion phase of the mag- 
netospheric substorm, when the particle ac- 
celeration and injection processes operate inter- 
mittently in different parts of the magnetotail 
plasma sheet (Krimigis and Sarris, 1979; Baker et 
al., 19791, growing ULF-VLF noise enhances the 
pitch-angle and radial diffusion of particles, rapid 
and strong changes are observed also in the mag- 
netic field (Russell and McPherron, 1973). An 
opposite situation seems to be the case during a 
prolonged quiet period, when the source of ener- 
getic particles appears to be weak or even absent 
at all, the ULF-VLF waves are much weaker, as 
compared to the disturbed periods and no 
significant changes are observed in the mag- 
netospheric magnetic field. In such a situation the 
influence of magnetospheric structure on particle 
flux distribution in the radiation belts seems to be 
the most direct and distinct. 
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Our study is devoted to a model calculation with 
the aim to obtain the drift shells, particle losses, 
boundaries of stable trapping and precipitation of 
radiation belt particles, following only from the 
properties of a quiet-time magnetospheric mag- 
netic field. A reasonable agreement of the cal- 
culated parameters and those obtained from the 
experiment during quiet times (such as the day- 
night asymmetry of the particle fluxes and trapping 
boundaries, peculiarities of particle precipitation at 
the night side) lend a strong support to our sug- 
gestion, that in such situations the structure of the 
magnetospheric field is a principal factor con- 
trolling the radiation belt particle fluxes. 

An especially interesting question is the role of 
the real magnetic field configuration in the particle 
losses and precipitation. Up to date, in most 
studies of the low-altitude data the particle pre- 
cipitation has been interpreted exclusively as a 
result of the collective interactions and particle 
scattering by the ULF-VLF waves (see e.g. a 
recent paper by Hultqvist, 1980). At the same time, 
a particle can experience a significant pitch-angle 
scattering because of the violation of the first 
adiabatic invariant, particularly inside of thin cur- 
rent sheet in the near-equatorial part of the mag- 
netotail (see Taylor and Hastie, 1971 and more 
detailed studies by Wagner et al., 1979 and Tsy- 
ganenko, 1981). An important role of this 
mechanism at the night side of the magnetosphere 
has been verified by recent experimental results of 
West et al. (1978b) and Imhof et al. (1979). Our 
purpose here is to consider this process in more 
detail in the real magnetospheric configuration 
with application to the low-altitude measurements 
of energetic particles and to estimate the rate of 
particle losses. 

2. A MAGNET@%‘HERIC MAGNETIC FIELD MODEL 

We have used a version of the semi-empirical 
quantitative model of Tsyganenko (1979), pertinent 
to the quiet conditions. The principles of the 
development of this model as well as its com- 
parison with other quantitative models and 
experimental data are described in detail by Ser- 
geev and Tsyganenko (1980) and by Tsyganenko 
(1981). One of the essential advantages of the model 
is the most accurate representation of the magnetic 
field distribution in the near-equatorial region, 
which is of great importance for our purposes. 
Also, the model does not contain unreally abrupt 
field reversals and non-physical singularities as 
well. 

The main parameters of the used model version 

are as follows: the subsolar magnetopause dis- 
tance R, = 11.4 Re, the maximum magnetotail cur- 
rent density corresponds to equivalent magnetic 
field just above the current sheet B, = 43 nT; the 
maximum is located at r = 8 Re (Fig. la); the half- 
thickness of the equatorial current sheet is 1 Re. 
Recent results of West et al. (1978a) have shown 
that the degree of field line stretching at the night 
side and the current density in the equatorial cur- 
rent sheet are significantly variable during quiet 
conditions (A, < lOOnT, K, = O-l). As a 
parameter specifying the current intensity, they 
had used the field value in the tail lobe at x = 
- 15 Re, which quantity was found to vary within 
the range 15-30 nT. In our case the corresponding 
model field magnitude at this distance is 28 nT; the 
model corresponds thus to the quiet state of the 
magnetotail with a high degree of the field line 
stretching. The ionospheric projection of the point 
located at r = 16.5 Re in the midnight equatorial 
region, which corresponds to the last closed drift 
shell for particles mirroring at ionospheric heights, 
has in our model the latitude A = 68.5”. 

Using this model, we have calculated the fol- 
lowing parameters necessary for studying the par- 
ticle motion and losses: the second adiabatic in- 
variant (I), the net length of particle trajectory 
between mirror points (S,), bounce (T*) and drift 
(TV) periods, ionospheric ((ui) and drift ((Ye) loss 
cones, radius of the field line curvature at the 
equator (R,) and so on. (Roederer’s (1970) nota- 
tions are used for all quantities). Variation of 
several important parameters along the x-axis at 
the night side of the model magnetosphere are 
shown in Fig. 1. 

Some words must be said about the comparison 
with the particle data obtained near the ion- 
osphere. In view of large variation of the current 
magnitude in the equatorial magnetospheric region 
and hence, of the corresponding extent of the field 
line stretching, the ionospheric projection of a 
fixed equatorial point may exhibit a significant 
displacement. A quantitative study of this question 
by using the model versions with different current 
intensity has shown that the change in the current 
only by 30% leads to the latitudinal shift of the 
field line foot of the order - lo. Since the mag- 
netospheric conditions, corresponding to the pub- 
lished data, are not known exactly and the current 
variation during quiet conditions is significant, 
there exists an uncertainty in comparisons of cal- 
culated and observed particle flux features. 
Moreover, the exact position of the field line foot 
depends on the geodipole tilt angle, the difference 
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FIG. 1. RADIAL DEPENDENCE OF SEVERAL MODEL PARA- 

METERS: (a) VARIATION OF LINEAR CURRENT DENSITY IN 

THE EQUATORIAL CURRENTSHEET EXPRESSEDIN UNITSOF 

EQUIVALENT MAGNETIC FIELD BT, (b) B, COMPONENT OF 

MAGNETIC FIELDATTHE EQUATOR,(C) ANGULARWIDTHOF 
THE IONOSPHERIC LOSS CONE,(d) ANGULAR WIDTH OF THE 

DRI~LOSSCONE;HATCHINGCORRESPONDSTOTHEREGION, 

WHERE THE PARTICLE CAN NOT COMPLETE ITS DRIm REV- 

OLUTION,(e) rwxusoF THEFIELDLINECURVATUREATTHE 

EQUATOR. 

All the values correspond to the night side equatiorial 
magnetosphere (along the Sun-Earth line), with excep- 
tion of broken line in Fig. lb, giving the B,-component at 

the day side. 

in latitudes of conjugate points at solstices being 
about 0.5-l” in the nightside aurora1 zone and as 
large as 3” at the dayside around A = 70” (Sergeev 
and Tsyganenko, 1980). Bearing in mind all these 
considerations, we feel that the main attention 
should be paid to the explanation of the gross 
features of the quiet time particle data and a 
discrepancy between the calculated and observed 
location of trapping or isotropy boundaries can be 
as high as - I” in latitude. By the last reason, the 
main results of our model calculations (Figs. 1,4) 
are presented vs the field line equatorial radius 

(calculations were made for the case of zero 
geodipole tilt angle), rather than against the in- 
variant latitude at the ionospheric level. 

3. DRIFT SHELLS AND THE CONE OF DRIFl. LOSSES 

The result of calculation of the adiabatic drift 
shells (I, B, = const) for particles, mirroring at the 
height 400 km above the Earth’s surface, is shown 
in Fig. 2 for the noon-midnight meridian plane. 
The experimental points are shown also, charac- 
terizing the day-night asymmetry of the high 
energy electron fluxes (from Williams and Mead, 
1965), the average position of the trapping boun- 
dary for w > 40 keV electrons (Rossberg, 1978) 
and that for 100-200 keV protons (Lindalen et al., 
1971). All these data are pertinent to quiet per- 
iods. The agreement between the model and 
experimental data is reasonably good; at higher 
latitudes (A, >70”) the day-night asymmetry in 
the model seems to be slightly greater (by - 1”) 
than that deduced experimentally. 

Existence of the pseudo-trapping region at the 
nightside (hatched area in Fig. Id) is a con- 
sequence of small field values inside the tail cur- 
rent sheet. Before reaching the noon meridian 
plane, the drift trajectories of near-equatorial par- 
ticles approach the magnetopause, which is a per- 
fect absorber of energetic particles (Williams et al., 
1979). 

Contrary to the earlier studies (Roederer, 1970; 
Morfill and Scholer, 1973), the pseudo-trapping 
region at high latitudes in the day sector is absent 
in our case, since the field lines at the night side 
are closed everywhere across the current sheet in 
our model (and in reality, too). The appearance of 
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FIG. 2. SOLIDCURVESHOWSTHEIONOSPHERICPROJECTION 

LATITUDESOFADIABATICDRIFTSHELLSATNOON-MIDNIGHT 

PLANE ATTHE DAY SIDE (AD) ANDNIGHT SIDE (AN); ALSO 
THECORRESPONDINGEQUATORIALDISTANCESAREGIVEN. 

Crosses, triangles and open circles are experimental 
points obtained from the low-altitude measurements by 
Williams and Mead (1%5), Rossberg (1978) and Lindalen 

et al. (1971), respectively. 
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this region in the earlier studies is thus an artificial 
feature, which had arised due to an over-simplified 
modeling of the equatorial current sheet. 

4. PITCH-ANGLE SCATTERING OF PARTICLES 

If the Larmor parameter p = muc/eB (u being 
the total particle velocity) becomes comparable to 
the radius of the field line curvature in the equa- 
torial current sheet, then the first adiabatic in- 
variant is violated and the pitch-angle scattering of 
particles occurs. This mechanism appears to play a 
significant role in the nightside magnetosphere 
even during quiet periods. We summarize below 
the results of a numerical study of particle scat- 
tering in the current sheet (Tsyganenko, 1981) 
with the emphasis on behaviour of the particles 
mirroring at ionospheric heights. 

The data presented in Fig. 3 show the standard 
deviation of the final pitch angle distribution of the 
near-Earth mirroring particles as a function of the 
ratio R,/p. Each point has been calculated by 
means of numerical tracing of 300 trajectories of 
particles having their initial pitch angles being 
distributed within a small interval A0 = 0.1” around 
the value 0, = 2.0” and with a uniform distribution 
in the gyrophase. The calculations comprise a 
number of models with different values of the ratio 
BJB,, where B, is the magnetic field outside the 
reversal region and B, is the field component 
across the sheet, as well as for different values of 
the dimensionless current sheet thickness B = d/p. 

The A@ curve plotted in Fig. 3 shows that 
the pitch angle scattering increases when the 
ratio R,lp falls below 10. For R,lp =s 3 the dis- 
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FIG. 3. THE R,lp DEPENDENCEOFTHEAVERAGECHANGEIN 
THEPARTlCLEPITCHANGLE(ABSOLUTEVALUE)AFTmONE 

CROSSING OF THE FIELD REVERSAL REGION; A0 COR- 

RESPONDS TO THE STANDARD DEVIATION OF THE EQUA- 

TORIALPITCHANGLE. 

persion value (At)) exceeds 10” (see Wagner et 
al., 1979; Tsyganenko, 1981) and hence, com- 
plete pitch-angle mixing in the final distribution is 
achieved in this case after several crossings of the 
field reversal region. 

As for the conditions of isotropic particle pre- 
cipitation into the ionosphere (i.e. when A0 b Q), 
we have found a slight dependence of the ‘critical’ 
value of R,/p on the width of the ionospheric loss 
cone oi, defined by the value of B,. Thus, for 
B, = 10 nT the condition A0 = ai corresponds to 
R,/p -7; respectively, for B, = 100nT we have 
obtained R,/p = 4.5 (see Fig. 3). Therefore, we can 
use the curves B.p =O.l R,B, and =0.2 R,B,, 
shown in Fig. 4a, as an approximate criterion of the 
innermost boundary of isotropic precipitation. As 
was pointed out above, the Larmor parameter is 
calculated by substitution of the total velocity of 
energetic particle and therefore, the quantity B, is 
constant for a given particle along the field line and 
corresponds well to the rigidity of trapped particles 
measured at low altitudes. 

The circles in Fig. 4a denote the equatorial 
position of the innermost boundary of isotropic 
particle fluxes for different rigidities, obtained 
from measurements of magnetic field and ener- 
getic particles in the near-equatorial region at 
OGO-5 satellite on August 2, 1968 (West et al., 
1978b). The experimental points BP(X) behave 
similarly to the curves R,B, = const. obtained from 
our model calculations, showing, however, an even 
more steep spatial gradient. This event (the only one, 
for which West et al. (1978b) had presented the data 
in a form convenient for comparison) corresponds 
to the most tail-like case of the all quiet-time data. 
This feature can reflect a somewhat more intense 
current and/or smaller B,-component at the equator 
during the period of measurements. 

5. RATE OF PARTICLE LOSSES 

Under assumption of the strong pitch-angle 
scattering of particles, which really takes place 
even in the quiet-time nightside magnetosphere, 
we can obtain a reasonable estimate of particle 
loss rate without a rigorous treatment of the par- 
ticle diffusion problem. If the A0 b ai condition is 
satisfied, then the particles fill the whole ion- 
ospheric loss cone after the first crossing of the 
equatorial reversal region and the characteristic 
time scale of particle losses in the flux tube can be 
evaluated as (Kennel, 1969): Ti = ~J2a:. The 
values of Ti at the midnight for electrons and 
protons with w = 100 keV are shown in Fig. 4b. 

Along with the losses of particles because of 
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FIG. 4. (a) THE INNERMOST BOUNDARY OF THE STRONG 

PITCH-ANGLE SCATTERING FOR PARTICLES OF DIFFERENT 

RIGIDITIESATTHENIGHTSIDE;BROKENLINEREFERSTOTHE 

MODEL CALCULATIONS, OPEN CIRCLES ARE EXPERIMENTAL 

POINTSBYWEST et al.(1!278), (~)PLOTSOFCHARACTERISTIC 

Loss TIMES OF 100 keV PROTONS AND ELECTRONS DUE TO 

THEIR PRECIPITATION INTO IONOSPHERE (Ti) AND THAT 

CORRESPONDINGTOSCAT-IERINGINTOTHEDRIFTLOSSCONE 

(T,),VSTHERADIALDISTANCEOFTHEDRIFTSHELLATTHE 

MIDNIGHTEQUATOR. 

These estimates of loss times are applicable only in the flux 
tubes, where a strong non-adiabatic scattering occurs 

(compare with Fig. 4a). 

their precipitation into the ionosphere, another 
loss mechanism operates at distances r > 7.5 Re at 
the night side, where the drift shells of near- 
equatorial particles are not closed, intersecting 
with the magnetopause. To our knowledge, this 
mechanism was not discussed as yet in the lit- 
erature; however, it appears to be very effective 
on those drift shells, where a strong scattering 
occurs and at the same time, the drift loss cone 
does exist. If particles, drifting in the nightside 
region, have enough time to be scattered isotro- 
pically, then their part contained in the drift loss 
cone will be lost. The factor S= 
cos CQ,/( 1 - cos 0~~) can be introduced, representing 

the ratio of the drift loss cone solid angle to that 
outside the cone. At geocentric distances r - lO- 
16 Re in the tail dD is of the order - 20“-30” and 
hence, the factor S - 10. Therefore, a significant 
part of the particle population will be lost after one 
drift period TV By analogy with the Kennel’s 
estimate for the ionospheric losses, we can define 
the time scale of drift losses as Tn = T&OS Q,, 
which is applicable after averaging of losses over 
one drift period. The value of in was calculated 
from the above mentioned model along the drift 
shell of the near-Earth-mirroring particles by the 
method outlined in Appendix 3 of Roederer’s 
(1970) book. The curve for the loss time TD is also 
plotted in Fig. 4b for the particles, having the same 
energy w = 100 keV. The drift losses dominate for 
energetic protons, having very large values of Ti. 
For energetic electrons we also have TD < Ti at 
distances r > 11 Re, but only at these distances the 
strong pitch-angle scattering takes place. Bearing 
in mind, that with the increase of particle energy 
TD decreases more rapidly (as w-‘) than Ti (which 
is proportional to the inverse of particle velocity, 
i.e. as w-“3 we find, that the drift losses dominate 
for all energetic particle population with w F 
100 keV. 

The above estimates for TD are valid only if a 
sufficient number of crossings of the current sheet 
occurs during the particle drift across the nightside 
region, to fill the drift loss cone. Estimating the 
time necessary to cross the scattering zone as rd4, 
we obtain the number of crossings as Td2rb, which 
for 100 keV particles is as high as - 800 for elec- 
trons and -20 for protons. Both the increase of 
particle energy, as well as increase of the drift 
shell equatorial radius will lead to a decrease of 
the number of equatorial crossings. From these 
estimates we feel that the rate of real drift losses 
for energetic electrons should be close to our 
results; for the protons, however, the real losses 
may be significantly lower. An additional analysis 
of this problem is necessary, which must take into 
account some details of the drift loss cone filling 
due to a small number of crossings, as well as 
large radial gradients of all the parameters in- 
volved. 

6. DISCU.WlON 

In the earlier studies (Roederer, 1970; Hess, 
1966) the concept of stable trapping region was 
introduced to specify the part of the magnetos- 
phere, where all the drifting energetic particles can 
perform a full revolution around the Earth. The 
so-called pseudo-trapping regions correspond to 
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those drift shells where, due to their splitting 
effect, only the particles from a limited range of 
pitch-angles can perform a closed drift motion 
without being lost at the magnetopause or in the 
open magnetic flux tubes. This picture of stable 
trapping was believed to yield a comprehensive 
explanation of the main observed features of 
energetic particle dynamics by the pure effects of 
the gross structure of the magnetospheric mag- 
netic field. The experimentally observed boundary 
of intense particle fluxes was interpreted just as a 
signature of the outer boundary of the stable 
trapping region, or in terms of the nightside boun- 
dary between open and closed field lines, which is 
inherent in the models of Williams and Mead 
(1965) type. 

In the light of our results (see also Morfill, 1973) 
this generally accepted picture must be changed 
considerably. First of all, it appears that the geo- 
magnetic field structure determines not only the 
division of particle drift shells into open and 
closed types, but also the pitch-angle scattering 
and losses. The last phenomenon appears to be the 
most effective for particles with the typical scat- 
tering time (necessary for the pitch angle to fall 
into the loss cone), to the order of magnitude, less 
or equal to their drift period. Configuration and 
size of the region, where the particles can be 
trapped during several drift periods without a 
significant flux decay depends, therefore, not only 
on particle pitch angles, but also on their energy 
and mass. Even if to take into account only 
geometrical considerations (the division of drift 
shells into open and closed types), our concept is, 
nevertheless, different from the generally accepted 
one (Roederer, 1970), in which the dayside pseudo- 
trapping region is a consequence of an unreal 
property of the Mead-Williams’ nightside model 
magnetosphere. 

The results shown in Fig. Id and 4a, b can serve 
as a guide in the interpretation of the trapping 
boundary at the night side, observed by low-al- 
titude spacecraft during quiet periods. The 
characteristic time scale of the decrease of ener- 
getic particle flux in the loss region after ‘switching 
off’ the source of accelerated fresh particles at the 
late recovery phase of a substorm is of the order 
of several drift periods in, i.e. one or two rev- 
olution periods of a low-altitude satellite. In 
such a situation the trapping (background) boun- 
dary of energetic electrons will correspond to the 
innermost of the two boundaries, which are the 
last closed drift shell (Fig. Id) and the Earthward 
boundary of strong non-adiabatic scattering (Fig. 

4b). To distinguish between these two possibilities, 
we have only to find the presence (or absence) of 
energy dependence in the position of this boundary. 

AS regards the energetic protons, our estimates 
of the particle loss rate have given only the lower 
limit of T,; the real loss times can be consider- 
ably larger. In this respect it is interesting to note a 
sharp contrast between the proton and electron 
precipitation during prolonged quiet periods: 
whereas the electron pricipitation is absent 
(Rossberg, 1978), an intense precipitation of ener- 
getic protons (with approximately isotropic pitch 
angle distribution in the loss cone) is measured 
systematically at the night side (Lindalen et al., 
1971; Lundblad et al., 1979). A natural explanation 
of this different behaviour can be given, taking 
into account a considerably longer time necessary 
to scatter a significant portion of protons (as 
compared to electrons into the ionospheric loss 
cone. 

As one of the main conclusions of our study, we 
have to emphasize the significant role of the non- 
adiabatic particle scattering in the particle pre- 
cipitation and rapid losses of the trapped radiation. 
Its importance is proved now by both theoretical 
and observational results. From a theoretical stand- 
point, the results of numerical calculations have 
shown that pitch-angle scattering becomes 
significant when R,/p s S-10 (West et al., 1978b; 
Tsyganenko, 1981), the details of the dependence 
of the pitch-angle deviation on R,/p being given in 
Fig. 3. It is well established, that a remarkable 
change of pitch angle (up to tens of degrees) can 
occur after the first crossing of the reversal region 
(Wagner et al., 1979; Tsyganenko, 1981). 

From the viewpoint of real properties of night- 
side magnetic field in the magnetosphere, the 
conditions for strong scattering are met even dur- 
ing quiet conditions for the wide range of part- 
icle rigidities (West et al., 1978b, Fig. 4a). Note 
that the magnetic field modeling in the studies 
by West et al. (1978a, b) has been carried out 
on a basis of in situ near-equatorial measure- 
ments of both magnetic field and energetic parti- 
cles; this approach reduces substantially the usual 
ambiguities in comparing model and experimental 
data. The observational arguments in favour of the 
operation of this scattering mechanism in reality 
follows from results of energetic particle 
measurements both in the magnetosphere (West et 
al., 1978b) and at low altitudes (Soraas et al., 1977; 
Imhof et al., 1979, see also references therein). 
These results show, that at the night side (in the 
sector 18-03 MLT, according to Imhof et al., 1979) 
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the position of the equatorward (innermost in the 
magnetosphere) boundary of nearly isotropic pre- 
cipipitation is always dependent on particle rigidity 
in such a way that the low latitide limit of particle 
precipitation is shifted toward lower latitudes for 
higher rigidities. Moreover, the latitudinal spacing 
between the boundaries for particles of different 
rigidity is relatively stable, as the whole pre- 
cipitation pattern moves towards the equator due 
to enhancement of the magnetic activity (Soraas et 
al., 1977; Imhof et al., 1979). These features are 
observed at different levels of geomagnetic 
activity, in physically different situations. 

Bringing these observational features together, 
we feel that no doubts should exist concerning the 
operation of this strong scattering mechanism over 
a wide range of magnetospheric conditions. 

An essentially different situation appears, as we 
turn to the question of the rapid particle scattering 
by means of the ULF-VLF waves. Being con- 
sidered traditionally as the main (or even the only) 
reason of intense particle precipitation, this 
mechanism provides many difficulties in explaining 
intense isotropic precipitation, especially for high 
energy particles (see Ashour-Abdalla and Kennel, 
1978; Hultqvist, 1980; and discussion by Imhof et 
al., 1979). 

It is of interest that the strong scattering in 
the current sheet can be important also for the 
low-energy (thermal) particles of the plasma sheet. 
For the protons with w - 5 keV the nightside 
demarcation boundary, delineating the strong 
scattering region from the zone of adiabatic 
motion is located at distance r = 10 Re during 
quiet periods, i.e. in a close vicinity of the inner 
edge of plasma sheet (Vasyliunas, 1968). 

As we have mentioned in Section 3, the degree 
of the day-night asymmetry obtained from the 
data on the energetic particle fluxes is slightly 
higher in the model calculation (Fig. 2), than that 
derived from experiments. There are also other 
indications that the corresponding nightside lati- 
tudes of features, obtained from our model, are 
slightly lower, than those deduced in measure- 
ments. Thus, the position of the trapping boundary 
of 40 keV electrons at night side is at A = 69” 
(Rossberg, 1978); in our case even the last closed 
drift shell is projected onto A = 68.5”. Also, the 
quiet-time location of the equatorward boundary 
of isotropic precipitation is at L- 7 (i.e. A-68”) 
for 6 keV protons (Soraas et al., 1979) and at 
L = 5.8 (A = 65.5”) for 400 keV protons 
(extrapolated to A, = 50 nT conditions from Fig. 7 
of Imhof et al., 1979). The corresponding distances 

to the strong precipitation boundaries, as obtained 
from the upper of two curves in Fig. 4a in our model, 
give somewhat lower ionospheric projection lati- 
tudes 67.2” and 65.3”. We expect thus, that the 
current intensity in our model is somewhat higher 
and respectively, B,-component at the equator in 
the inner magnetospheric region is slightly lower, 
than is typical to the average quiet period conditions. 
A simple decrease of the current intensity by 6 30% 
(so that BT = 20nT at r = 15 Re in the tail) will 
remove most of these discrepancies. With this small 
correction, the magnetic field at 15 Re distance falls 
well into the range 15-30 nT, found by West et al. 
(1978a) for quiet conditions. 

One more additional quantitative comparison is 
possible. The boundary of isotropic precipitation 
(R,/p = 5) for 6 keV and 100 keV protons in our 
model are, respectively, at A = 67.2” and A = 66.0”, 
the corresponding difference in L-values being 
AL = 0.7. Soraas et al. (1977) have found experi- 
mentally that this difference is always within the 
range 0.2-0.7. 

In view of some arbitrariness in the choice of 
the model parameters and some difficulties in its 
comparison with the energetic particle data, out- 
lined in Section 1, the agreement of the calculated 
and measured quantities is remarkable. Thus, the 
used model of the magnetospheric magnetic field is 
well supported by energetic particle data (as well 
as by comparison with the existing magnetic field 
measurements-see Sergeev and Tsyganenko, 
1980) and can serve as a starting point for in- 
vestigating the dynamical changes of the mag- 
netotail currents. 
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