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Abstract. We present a study of solar energetic particles (SEPs) in association with coronal
mass ejections (CMEs) and type II radio bursts. The particle and CME observations cover
the years 1996–2007. We find that heavy-ion events in association with type II bursts and
proton events are produced in more western and most energetic CMEs. In addition, the source
distribution of type II associated proton events with heavy ions reminds the source distribution
expected for events with flare particles. Therefore, the estimation of relative contributions by
flares and shocks in SEP events and separation of suggested different particle acceleration models
is complicated.
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1. Introduction
Large Solar Energetic Particle (SEP) events are closely associated with Coronal Mass

Ejections (CMEs). It is believed that solar wind particles are accelerated by CME-driven
coronal and interplanetary (IP) shock fronts (Reames 1999). However, based on heavy-ion
observations Cane et al. (2003) have suggested that higher-energy SEPs could originate
from solar flares. Instead, Tylka et al. (2005) attribute variations in high-energy heavy-ion
abundances to different shock geometries and seed particle populations. Coronal and IP
shocks may also generate type II radio bursts. Type II bursts occur either continuously or
intermittently in metric, decameter-hectometric (DH) and kilometric wavelengths. The
emission wavelength depends on the density of the ambient plasma, which decreases with
distance from the Sun. The metric type II bursts are emitted by shocks in dense coronal
plasma close to the Sun (� 2.5 RS ) and kilometric type II bursts by IP shocks in less
dense plasma further out from the Sun (� 10 RS ). Previously Gopalswamy (2003) has
found that large SEP events are all associated with DH type II bursts. The association
of CMEs, proton events and type II burst has also been studied recently by Gopalswamy
et al. (2008). In this study we concentrate on CMEs associated heavy-ion events and DH
type II radio bursts. We also use proton events for comparison.
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Table 1. Average properties of CMEs.

Heavy-ion CME properties
Enhancement Speed [km/s] Width [deg] Halo-%

Yes 1518±160 176±35 72
No 1111±130 166±28 56

2. Data analysis
Our analysis focus on CMEs associated with proton events and DH type II radio

bursts. Particle and CME measurements by the Energetic and Relativistic Nuclei and
Electron (ERNE; Torsti et al. 1995) instrument and by Large Angle and Spectrometric
Coronagraph (LASCO; Brueckner et al. 1995) cover the period 1996–2007. Both in-
struments are onboard the Solar and Heliospheric Observatory (SOHO) spacecraft. We
search for proton intensity increases in the 1.8–4.1 MeV, 4.1–12.7 MeV, 13.8–28.0 MeV
and 25.9–50.8 MeV energy channels. Plasma measurements by Proton Monitor (Hoves-
tadt et al. 1995), also onboard SOHO, are used to identify events associated with IP
shocks, i.e. Energetic Storm Particle (ESP) events, and Corotating Interaction Regions
(CIRs). We inspect the O and Fe intensities in 4–15 MeV/n and 43–70 MeV/n energy
channels for concurrent heavy-ion enhancements. Proton event onsets are compared with
the LASCO CME catalogue (http://cdaw.gsfc.nasa.gov/CME list/) in order to iden-
tify a possible CME. We search for an associated DH type II radio burst observed by
Wind/WAVES (Bougeret et al. (1995); http://lep694.gsfc.nasa.gov/waves.waves.html;
http://cdaw.gsfc.nasa.gov/CME list/radio/waves type2.html) and a solar source loca-
tion based on a list of GOES X-ray flares (Solar Geophysical Data).

3. Results and discussion
In Table 1 we give the average properties with respective statistical errors of CMEs

associated with DH type II bursts and proton events with and without a heavy-ion
enhancement. CMEs with heavy ions are faster and possibly wider than CMEs without
heavy ions. In addition, larger fraction of CMEs with heavy ions is halo CMEs. The
properties of CMEs without heavy-ions resemble the general population CMEs with
type II bursts studied by Gopalswamy et al. (2005). They found that the average speed
of type II associated CMEs is 1115 km/s, the average width is 139◦, and 42.5% are halo
CMEs. CMEs associated with SEPs and type II bursts are wider and faster than an
average CME (Gopalswamy et al. 2008). Therefore, it appears that heavy-ion events are
produced in the most energetic CMEs.

The distributions of solar sources (flares) of proton events with and without heavy-
ion enhancement are plotted in Fig. 1. Proton events with type II bursts and heavy-
ion events originate from the western hemisphere, mostly near the western limb (left
panel). Events without heavy-ion enhancements are evenly distributed over solar longi-
tudes (right panel). Therefore, even in proton events were type II radio emission indicate
the existence of a shock, a good connection to the acceleration site in the western hemi-
sphere is essential for the detection of heavy ions at 1 AU. The western location suggest
that the heavy ions are accelerated near the nose of the shock where it is strongest.
Furthermore, the source distribution of type II associated proton events with heavy ions
reminds the source distribution expected for SEP events with particles accelerated in
flares. Therefore, the estimation of relative contributions by flares and shocks in SEP
events is complicated. The two models suggested by Cane et al. (2003) and Tylka et al.
(2005) cannot be separated based on source locations alone.
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Figure 1. Solar source (flare) locations of type II associated proton events (a) with and (b)
without a heavy-ion increase.
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