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Abstract

The earth’s foreshock is a region where particularly large amplitude MHD waves are commonly

observed. They exhibit various waveforms, suggesting that nonlinear interaction between the waves is

in progress. We introduce a method to quantitatively evaluate the strength of phase coherence among

the waves from a given time series data. Besides we develop our method by applying wavelet filtering

technique. From the analysis it was found that, although the turbulence is consisted of waves with a

wide range of plasma rest frame frequnecies, only those frequencies lower than the ion gyrofrequency

are responsible for generating the phase coherence.
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O 1: The coordinate origin dependence of the phase

distribution.
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Geotail 960810 01:44:05.00-48:20.82 Observed data (OBS)
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O 2: Making of the surrogate data. From the origi-
nal time series (OBS, top row), the phase randomized
surrogate (PRS, middle row) and the phase corre-
lated surrogate (PCS, bottom row) are generated by

shuffling and unifying the wave phase, respectively.
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L(r)=_|B(t+7) — B(1)| (1)

gbobooboooboboboo rob0obooooboo
OO00Oooooooooogog oBSOPRSOPCS
oboboooboooooobobooobooooooo
gbooooooooon

_ Lprs(T) — Lops(T)
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O 3: Magnetic field data observed by GEOTAIL
satellite near the bow shock region (top) and its
wavelet amplitude (bottom). The magnetic field
data was sampled every 0.0625 [sec]. In bottom panel
the vertical line represents the wavelet scale index

and the bottom line shows time translation.

W;(e,b)20000000000000000000
00000000000000 0000000 mO
0oooooo

0000D00000000000000000000
0000000 mO00000O m, 0000000
m.0000000000000000000000
00000@m,0000000000000000
0000000000000000000000000
000000000200000000000000
000000000000000000000000
0000000000 ¢C,000000000000
000D00000000000000 G007 =1
0000000000000000

Fig. 400Fig. 3000000000000000
0000000000000 C,0000A0000
000D00000000000000000 Cy0e O
000000000 C,0000000000000
00000000000000000 Cy00m.=9
000000000000000000000000
000000000000000000000000
Om.=9000000000000000000
00000 C,00000000000000000
000 Vew = 500fkm/sJ0 00000000000



Qi 0.1Qi

i
7/./?
Z
i

5 10 15 20 25 30

O 4: Cy evaluated for high-pass filterd (e ) and low-
pass filterd data (A). The vertical line represents
the phase coherence index estimated at 7 = 1 and
the bottom line shows threshold wavelet scale index.
In the figure §2; is the ion cyclotron frequency calcu-

rated by using the observed data.
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O 5: The local intermittency measure evaluated for

the data shown in Fig. 3.
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O 6: Spatial distribution in ( ¢ - 6 ) plane of
some statistical properties observed upstream the
bow shock. From top to bottom, the average mag-
netic field < B'(¢,0) >, the fluctuation amplitude o

and the phase coherence index Cy are represented.

B =B-p (8)
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