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Abstract. Very few in situ measurements so far show the details of the interactions between
CME and magnetosphere. Here we report a fortuitous observation that the Cluster spacecraft
were located at the dusk-side magnetopause, meandering back and forth four times between the
ICME and the magnetosphere, and observed part process of the interaction between the CME
and the magnetosphere. The primarily analysis showed that: (1) a fast ion beam other than the
ambient plasma was observed almost perpendicular to the magnetic field; (2) The left-hand-
polarized kinetic Alfvén waves excitation by the ion beam; and (3) the resonances between
the kinetic Alfvén waves and part of the beam particles lead to the pitch angle diffusion of
resonant particles and formating of a monospheric distribution with nearly constant kinetic
energy. The wave-particle resonance may pay an important role in the energy transfer and
particle exchange across the magnetopause between the magnetosheath and magnetosphere
during the CME impulsion.

1. Introduction

Strong geomagnetic storm, usually caused by the CME-magnetosphere interaction,
is one of the important parts of space weather(e.g., Gonzalez et al. 1994, Webb et al.
2000). Most researches focus on the relationship between the CME and the storm level
of geomagnetic field(e.g., Wu and Lepping 2002, Russell and Mulligan 2002, Yermolaev
et al. 2005 and references therein). There are so many spacecraft crossed through the
magnetopause, but very few pass just be at the moment that the CME just arrived and
began to compress the magnetosphere. so far there are too few in situ measurements to
show the details of physical processes of the interactions between the CME with the front
shock and magnetosphere (e.g., Huttunen et al. 2005).

The four-spacecraft Cluster mission (Escoubet et al. 1997) is designed to study the
small-scale structures in key regions of the magnetosphere to provide the first oppor-
tunity to determine three-dimensional and time-dependent characteristics of small-scale
processes in both the magnetosphere and nearby interplanetary medium (e.g., Hasegawa
et al. 2004, Phan, et al. 2005). Here we report a fortuitous observation that the Cluster
constellation located in such a interaction region between the CME and the magneto-
sphere. The magnetic field (B) of the FGM (Balogh et al. 1997), the plasma velocity (V)
and particle distributions data of the CIS (Remé et al. 1997) onboard Cluster detected

373

https://doi.org/10.1017/51743921306002213 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921306002213

374 C. J. Xiao, et al.

= E E
5 E- =l /
= 50¢ " wm\ ;ryymwmf: i 'y ®
= o P ! Wm w =i
2 50 ’Jp it M 4
= —100= i MLWMM 4 X
i 100?“’_/\1 —
= E E
S E E
- F | W
> N ' ! . _GS
2100 ‘ I . MMWMMWW{ zoes
= - ig - [R—— Tt i s ‘ Wy gpeTb ot 4 v Gsum
= -300- o e .
> - B S X_GSM
E Z88E ‘ ‘ ™
10 —=
= f ’
= w 7
o -
< ] I\
= B ~
&5 N T T e T T T
X gsm (Re -9.5 -9.5 —9. 4 9.2
z gsm {{c 12520 l%&i 1%04 l‘ég
_gsm Re -0.5 —3. —5.
hhmm UT ) 0200 0400 0600 0800
2001 Nov 06

Figure 1. Overview of 4s resolution Cluster SC3 data and the 1-minute resolution symmetric
disturbance index of H component of geomagnetic field (SyH) during 01:00-08:00 UT on 6
Nov. 2001. From top to bottom are: the magnetic field (B), the density (N) and velocity (V)
and temperature (T) of plasma, the Geomagnetic SyH component and the SC3 positions in
GSM coordinates. The plots of the SyH data shows that the ICME began to compress the
magnetosphere at 01:53 UT.

part phyiscal processes of interaction during the interval of the CME-magnetopause in-
teractions.

2. Observation Data Analysis

An earth-direction halo CME was observed by LASCO/SOHO at 16:35 UT on 4
November 2001. Associated with the CME were a front shock and a magnetic cloud,
which caused a strong magnetic storm with Dy < —280nT" during 6-8 November 2001.
During the interval from 01:00 to 15:00 UT on 6 November 2001, the Cluster space-
craft located in the near-tail dusk magnetopause and meandered back and forth four
times between the ICME and the magnetosphere. Overview of Cluster SC3 data and
the geomagnetic disturbance index during 01:00-08:00 UT on 6 Nov. 2001 are shown
in Figure 1. The rapid increase of the symmetric disturbance index of H component of
geomagnetic field (SyH) at 01:53 UT (the bottom panel in Figure 1) indicated that the
CME with a front shock began to compress the magnetopause. Locating in the flank of
the magnetopause at (—9.6, 15.0, 2.2)Rg in GSM coordinates at 01:54 UT, the Cluster
spacecraft outbound cross the magnetopause for the HIA velocities of SC3 increased from
(-8, -2, -2) km/s at 01:54:08 UT to (-93, 11, 26) km/s at 01:54:16 UT. The amplitude
of the magnetic field (FGM) jumped from ~ 20nT to ~ 110nT, as well as the other
plasma parameters, such as density and temperature, also increased sharply at the same
time. In this event the Cluster SC3 kept staying in the ICME in about 31 minutes, then
inbound cross the magnetopause at 02:27 UT (shown in Figure 1). The other inbound
and outbound intervals are 04:08-05:14 UT, 06:40-09:53 UT and 10:05-11:30 UT (not
shown here). There are lots of interesting physical processes in this event. As the first
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Figure 2. Ion distributions of SC3 at 01:54:33UT (a-c) and 01:55:45UT (d). (a)Ilon distribution
in V,; — V. plane at 01:54:33UT; (b)lon distribution in GSE V. — V. plane at 01:54:33UT;
(c)Amplifying and rescalling the ion distribution shown in (a); (d)Ion distribution in GSE V, -V,
plane at 01:55:45UT; (e)the relationship between the wave vectors and periods; (f)Polarization
of (dBx, dBz), bandpass-filtered data at 10-20s periods. The start point marked with square.

part of work, in the following part we focus on the data analysis of waves excitation and
wave-particle resonances during the first travel outbound the magnetopause form 01:54
to 02:27 UT.

Based on 0.04s high-resolution FGM data (not shown here for the limit of paper
length)we found that all 4 Cluster spacecraft crossed the current sheet of magnetopause
during 01:54:25-01:54:30UT. After checking the ion distribution data of CIS onboard
SC3 it is also found that a fast ion beam identified clearly from the ambient plasma was
observed between 01:54:21UT and 02:23:01UT. The ion beam is almost perpendicular to
the magnetic field. It is a conventional point of view that nonlinear wave are excited as a
result of ion beam instability (Galinsky et al. 1997, Shevchenko et al. 2002).As a result
of the wave excitation, the pitch angle diffusion of resonant particles lead to formation of
a monospheric distribution function with constant kinetic energy (see Lee 1989). They
were observed near the Earth’s bow shock (Russell and Hoppe 1983) and upstream of
the shock near the other planets or comets (Tsurutani et al. 1995). In this event, during
01:54:33-01:58:55U'T, it is found that the pitch angle diffusions of resonant particles were
observed near the magnetopause, which far from any shock wave as previous cases.

As a the example, the ion distribution of SC3 in the V,,—V phase space at 01:54:33UT
is shown in Figure 2a. The pitch angle diffusion of resonant ions lead to formation of a
monospheric distribution with constant kinetic energy (V/Q/ + V2 ~Const.). Figure 2b
showed the monospheric distribution clearly as that shape of a half circle in V, — V,
phase space, for the z-direction parallel to B. As enlarged the V, < 0 part of Figure 2b,
it is clearly in Figure 2c that the diffusion ions consisted in two arcs: one changes from
Ve ~ =700km/s into V, ~ —700km/s ; the other V, ~ 900km/s into V, ~ 900km/s.
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Another monospheric ion distribution at 01:55:45UT is shown in Figure 2d, which also
consisted with two arcs with (V/Q/ + V2) close to (900km/s)? and (1100km/s)?, higher
kinetic energy than that at 01:54:33UT.

Theoretically these particle distributions usually took placed during the wave-particle
resonance, even very few previous observations like so mono-energy that have been found.
To identify the wave mode during the CME-magnetosphere interaction process, the best
way is analysis with electric, magnetic fields and plasma data. But there is no good
electric field data on that day. So now we used the methods of wavelet coherence analysis
and cross wavelet transform (Grinsted et al. 2004, Chaston et al. 2005) on the 0.04s high
resolution magnetic data, to find the relationship of the frequencies and wave vectors.
The averaged results from 01:55:00-01:56:30UT are shown in Figure 2e. It is clearly that
The bigger wave numbers happened with periods 8-30s and K, ~ 2K,,. The results
of wavelet analysis (not shown here) also confirmed that the periods of the relative
strong Wave mode is low-frequency (about 1-40s) during 01:54:30-01:57:00 UT. After
bandpass filtering of 0.04s FGM data at 10-20s periods (Sundkvist et al. 2005), the left-
hand polarization properties of the low frequency waves are shown in Figure 2f.

3. Conclusions

During the processes of CME-magnetosphere interactions, an ion beam was observed
by the Cluster spacecraft at the magnetopause. The left-hand-polarized kinetic Alfvén
waves excited by the ion beam can identified with the relationship of the frequencies
and wave vectors. The resonances between the kinetic Alfvén waves and part of the
beam particles lead to pitch angle diffusion of resonant particles and a monospheric
ion distribution with constant kinetic energy, which matches the theory very well. More
detailed calculations and analysis are needed for further analysis.
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