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Linking two consecutive nonmerging magnetic clouds
with their solar sources
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[1] On 15 May 2005, a huge interplanetary coronal mass ejection (ICME) was observed
near Earth. It triggered one of the most intense geomagnetic storms of solar cycle 23
(Dstyeqr = —263 nT). This structure has been associated with the two-ribbon flare, filament
eruption, and coronal mass ejection originating in active region 10759 (NOAA number).
We analyze here the sequence of events, from solar wind measurements (at 1 AU) and
back to the Sun, to understand the origin and evolution of this geoeffective ICME. From a
detailed observational study of in situ magnetic field observations and plasma parameters
in the interplanetary (IP) medium and the use of appropriate models we propose an
alternative interpretation of the IP observations, different to those discussed in previous
studies. In our view, the IP structure is formed by two extremely close consecutive
magnetic clouds (MCs) that preserve their identity during their propagation through the
interplanetary medium. Consequently, we identify two solar events in Ha and EUV
which occurred in the source region of the MCs. The timing between solar and IP events,
as well as the orientation of the MC axes and their associated solar arcades are in good
agreement. Additionally, interplanetary radio type Il observations allow the tracking of
the multiple structures through inner heliosphere and pin down the interaction region to be
located midway between the Sun and the Earth. The chain of observations from the
photosphere to interplanetary space is in agreement with this scenario. Our analysis allows
the detection of the solar sources of the transients and explains the extremely fast changes

of the solar wind due to the transport of two attached (though nonmerging) MCs

which affect the magnetosphere.
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1. Introduction

[2] Coronal mass ejections (CMEs) remove plasma and
magnetic field from the Sun expelling them into interplan-
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etary space. When they are detected in the interplanetary
(IP) medium, they are called interplanetary coronal mass
ejections (ICMEs). The transit time of an ICME from the Sun
to 1 AU is typically in the interval 1 to 5 days [Gopalswamy
et al., 2000, 2001a; Rust et al., 2005]. A subset of ICMEs,
called magnetic clouds (MCs), are characterized by an en-
hanced magnetic field strength, a smooth and large rotation of
the magnetic field vector, and low proton temperature
[Burlaga et al., 1981]. Fast and large magnetic clouds are
mostly observed at 1 AU in the declining phase of a solar
cycle, as it happened in the last one during 2003—2005
[e.g., Culhane and Siscoe, 2007].

[3] Interplanetary type II bursts permit the tracking of fast
ICMEs through the analysis of radio emission frequency
drift [Reiner et al., 1998, 2007; Hoang et al., 2007]. As-
suming the type Il emission to be produced at the funda-
mental or second harmonic of the local plasma frequency,
and with help of a heliospheric density model, the radio
frequency can be converted to radial distance. This method
has still limitations and allows for possible different inter-
pretations because of the patchiness and the frequency range
of the observed radio emissions. The evolution of an ICME
can also be followed along its journey using a combination
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