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Statistical analysis of shocklets in the earth’s foreshock region
observed by Geotail
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In the foreshock region of the earth’s magnetosphere, the so-called ’shocklets’, large amplitude ultra-
low frequency magnetohydrodynamic (MHD) waves, are often observed. One of the eminent features
of these waves is that they are composed of two distinct parts; relatively low frequency, almost linearly
polarized wave, and high frequency, elliptically to circularly polarized discrete wave packets. We make
statistical analysis of these shocklets, using magnetic field data obtained by Geotail spacecraft. We
discuss distribution of such fundamental parameters as the wave propagation direction, compressibility,
ellipticity of the discrete wave packets, and correlations among them. Based on the results, we examine
whether these waves can be naturally produced via nonlinear evolution of finite amplitude dispersive

Alfven waves.
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Fig. 1 Sketch of the inferred foreshock structure. The
solid straight line denotes a solar wind magnetic
field tangent to the earth’s bow shock. Suprather-
mal ions of the bowshock origin stream back into
upstream, while they are at the same time con-
vected by the solar wind flow, thus making a clear
boundary of the ion foreshock, in which suprather-
mal ions can be found.
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Fig. 2 High resolution measurement of the magnetic field
versus time, obtained by Geotail spacecraft on Oc-
tober 8, 1995. The solid and the dashed lines
respectively represents the two (out of the three)
components of the magnetic field, By and B., de-
fined in the GSE coordinate system. The area
between the envelope (—|B| < B < |B|, where
|B|? = B2 + B2 + BZ) is shadowed.
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Fig. 3 Magnetic field profiles of a typical shocklet, ob-
served in the same data sequence in Fig.2. The
solid, dashed, and dotted lines represents the z, vy,
and the z components of the magnetic field.
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(a) Geotail data (b) after transformation
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Fig. 4 Hodogram plot of a shocklet. (a) The field in the
original coordinate. (b) The same as (a) except
that the coordinates are rotated according to the
minimum variance analysis. The upper right-hand
figure is in the plane of the maximum variance
which contains the wave front. The middle right-
hand and lower right-hand figures are the side view
of this plane. The component of the average mag-
netic field in the k direction is negative.
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Fig. 5 Friedricks diagram of the magnetohydrodynamic
(MHD) waves. For a given propagation direction,
both forward propagating and back ground prop-
agating fast (F), intermediate (I), slow (S) waves,
and a stationary entropy wave (circle at the ori-
gin). These seven waves constitute the orthogonal
set of the MHD system.
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Fig. 6 The DNLS equation is numerically integrated in
time. Two examples with different propagation
angles are shown here, with (a) 8 = 19.3 and (b)
0 = 45.0. Steepening of the original wave and
generation of the discrete wave packet is appar-
ent. Note that the discrete waves are seen both in
by and b,. The bottom panels are the hodogram
plots.
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Fig. 7 Classification of the shocklet types defined in the
present study. In Type A, wave amplitude of the
discrete wave packet part decreases almost lin-
early, and in Type B, it grows and then decreases.
All other unexpected profiles are categorized as
Type C, which includes cases in which two different
shocklets seemingly are attatched to each other.
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Fig. 8 The normalized magnetic field compression param-
eters defined in the text versus the wave propaga-
tion angle deteremined by the minimum variance
analysis, analyzed for 60 examples of the discrete
wave packets. Results in the right and the left
panels differ in the way the ’'total’ magnetic field
is defined (cf. equation (7)-(9)). The filled circle,
triangle, and the cross represent Types A, B, and
C, respectively.
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(a) Geotail data (b) DNLS simulation
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Fig. 9 The winding number (number of rotations of the
magnetic field in the i-j plane) of the discrete wave
packet is plotted versus the wave propagation an-
gle, using (left) the experimental data and (right)
the DNLS simulation.
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Fig. 10 Winding number is plotted versus the wave am-
plitude.
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(a) Geotail data (b) DNLS simulation
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Fig. 11 The average 'wavelength’ versus the propagation
direction.
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Fig. 12 Histgram of the parameter y, which represents
the way the wave envelope amplitudes decays
spatially (see definition in the text).
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