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Abstract 

The Sun and the heliosphere provide a natural laboratory for well-developed intermittent 
turbulence (Kamide and Chian, 2007). Large-amplitude coherent structures have typical 
lifetimes longer than that of small-amplitude incoherent fluctuations, hence the dynamics of an 
intermittent turbulence in the heliophysical environment is dominated by coherent structures 
(e.g., Alfven waves, current sheets, flux tubes, magnetic holes, shocks) resulting from phase 
synchronization associated with nonlinear cross-scale interactions in the energy cascade 
process. For example, Cluster and ACE measured high degrees of phase synchronization across 
a wide range of time scales, from 1 sec to 10^4 sec, in the intermittent magnetic field 
turbulence both in the shocked solar wind upstream of the Earth's bow shock based on the 
Cluster data and in the unshocked ambient solar wind at the L1 Lagrangian point based on the 
ACE data of 1 to 3 Februrary 2002 (Chian and Miranda, 2009), extending a previous study of 
Koga et al. (2007) based on the GEOTAIL data of 8 to 9 October 1995 upstream and 
downstream of the Earth's bow shock. On 10 January 2005, the SOHO/MDI image indicates the 
appearance of a simple bipolar region in the solar active region NOAA AR 10720 (Rodriguez et 
al., 2008). During its disk transit, several bipoles emerged in this solar active region on 12, 13 
and 16 January. On 13 January, the most prominent bipole with strong shearing motions 
appeared along the main polarity inversion line. These motions were favorable for the creation 
of a twisted flux tube which becomes unstable due to, e.g.,  the helical kink instability and 
breaks up to produce several eruptive events when the twist in the flux tube exceeds a critical 
value. On 19-20 January, SOHO/LASCO observed  several CMEs associated with eruptions in the 
solar active region NOAA AR10720, giving rise to several flares. After the eruptions, energy 
release occurs in this region which leads to the flare ribbons seen in the TRACE 1600 Ao image 
and H-alpha image from ground-based solar observatory. The ICME event impacting the near-
Earth space environment on 21-22 January 2005 starts with the arrival of a shock at ~ 16:47 
UT near the L1 point upstream of the Earth's bow shock as confirmed by ACE, followed by a 
magnetic cloud a few hours later. The four Cluster spacecraft were also in the upstream solar 
wind during a long interval of this ICME event, providing high-resolution data for this event 
(Foullon et al., 2007). On 21-22 January, a major geomagnetic storm occurred which is highly 



anomalous because the storm main phase developed during northward interplanetary magnetic 
field (Du, Tsurutani and Sun, 2008). From 26 January to 9 February, Ulysses observed this 
ICME event at 5.3 AU (Foullon et al., 2007; Rodriguez et al., 2008) which allow us to carry out 
a comparative study with the observation of ACE at 1 AU .In this work, we apply the nonlinear 
analysis of Koga et al. (2007) and Chian and Miranda (2009) to the ICME event of January 
2005. We investigate phase synchronization in the intermittent magnetic field turbulence 
upstream and downstream of the ICME shock based on the data of ACE, Cluster and Ulysses. 
We discuss the radial evolution of the solar wind turbulence using two distinct techniques, 
kurtosis and phase coherence index, to analyze the amplitude and phase dynamics of the 
modulus of interplanetary magnetic field.References:Chian,  A. C.-L., Miranda, R. A. Cluster and 
ACE observations of phase synchronization in intermittent magnetic field turbulence: a 
comparative study of shocked and unshocked solar wind. Ann. Geophys. 27, 1789, 2009.Du, A. 
M., Tsurutani, B. T., Sun, W. Anomalous geomagnetic storm of 21-22 January 2005: A storm 
main phase during northward IMFs. J. Geophys. Res. - Space Phys., 113, A10214, 2008.Foullon, 
C., Owen, C. J., Dasso, S., Green, L. M., Dandouras, I., Elliott, H. A., Fazakerley, A. N., 
Bogdanova, Y. V., Crooker, N. U. Multi-Spacecraft Study of the 21 January 2005 ICME: Evidence 
of current sheet substructure near the periphery of a strongly expanding, fast cloud. Solar Phys. 
244, 139, 2007.Kamide, Y., Chian, A. C.-L. (Eds.) Handbook of the Solar-Terrestrial 
Environment. Springer, Berlin, 2007.Koga, D., Chian, A. C.-L., Miranda, R. A., Rempel, E. L. 
Intermittent nature of solar wind turbulence near the Earth's bow shock: Phase coherence and 
non-Gaussianity. Phys. Rev. E 75, 046401, 2007.Rodriguez, L., Zhukov, A. N., Dasso, S., 
Mandrini, C. H., Cremades, H., Cid, C., Cerrato, Y., Saiz, E., Aran, A., Menvielle, M., Poedts, S., 
Schmieder, B. Magnetic clouds seen at different locations in the heliosphere. Ann. Geophys. 26, 
213, 2008. 


