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A CME--CME Interaction and its radio and white-light manifestations

During periods of increased solar activity, several coronal mass ejections (CMEs) can be
launched by the same or nearby active regions (Gopalswamy et al. 2005). During these
times of high activity, these CMEs may interact with one another while propagating
through the interplanetary medium. The first CME-CME interactions were observed, at
long wavelengths and in white-light coronagraphic images, by Gopalswamy et al. (2001,
2002) and Gopalswamy (2004). Based on the observational characteristics of these CMEs
from white-light coronagraph and radio observations, Gopalswamy (2004) concluded that
type II radio emission is enhanced and modified during the interaction between two
CMEs. Gopalswamy et al. (2001) suggested that the observed radio enhancement results
from an increased in density in the upstream medium, which reduces the Alfvén speed
and thereby increases the Mach number of the shock. This is in agreement with results
from numerical simulations, confirming that the radio enhancement was likely to be
produced at the interaction region shock (e.g., Vandas and Odstrcil 2004). Gopalswamy
et al. (2001) also mentioned additional possibilities for electron acceleration, such as
reconnection between the two CMEs (see also Gopalswamy 2004).

= 925 kHz o EO A-B CME1 09:00 UT

975 kHz A Wind — STEREQ A * 09:00 UT
1025 kH ¢ Wind — STEREO B CME27™40:00 UT
/r—““\

/

o]
\ ;
\ ““"-—-|—-—/ 0.340

Figure 1. Left: Locations of the geometrically triangulated positions of the radio sources in interplanetary space for all
operational frequencies as seen from above. The Parker spiral is plotted in gray for context. Right: Radio emission
scenario, showing the possible emission region as an extended source propagating between STEREO -B and Wind.
The dots represent positions of the two associated coronal mass ejections at different times. The red symbols show the
intersection between line-of-sight vectors from the spacecraft represented by the arrows. These are results projected on
the ecliptic plane. The color-shaded areas represent the overall regions where the direction-finding positions are located.
The dashed ellipse shows the area covering all direction results.

The stereoscopic observations of the STEREO mission allow us to determine the location
of different CME features in three dimensions (e.g., Frazin et al. 2009; Aschwanden and



Wiilser 2011; Liu et al. 2009, 2010; Moran et al. 2010). Several direction-finding
techniques have been implemented using observations made either by spinning spacecraft
like Wind (e.g., Fainberg et al. 1972; Reiner et al. 1998) or three-axis stabilized
spacecraft such as STEREO or Cassini (e.g., Cecconi et al. 2008; Santolik et al. 2003).
The stereoscopic capability of STEREO /WAVES (Bougeret et al. 2008) can be used to
triangulate the three dimensional position of a radio source at a particular frequency,
provided both spacecraft observe the same source quasi-simultaneously. This technique
has been applied with great success in the past in the study of type III emission (Gurnett
et al. 1978; Reiner et al. 2009) but rarely in the study of type II bursts.

We successfully applied three radio direction-finding techniques (Fainberg et al. 1972;
Santolik et al. 2003; Martinez-Oliveros et al. 2012) to the 2010 August 1 type II radio
burst and determined the direction of arrival of the radio emission (Figure 1). Our
analysis shows that the radio source locations are spread over a large area covering about
4°, suggesting that the radio source has an extended and complex structure in nature,
perhaps composed of multiple radio emitting regions which may have a common origin.
We found good consistency between the triangulated white-light positions and the Wind-
-STEREO-B triangulated positions. This event, in particular, was characterized by the
interaction between two CMEs. The first CME erupted at 02:00UT and the faster second
CME erupted at 07:00UT. The interaction with each other, resulting in a low frequency
type II radio burst was observed on 1 August 2010 at about 09:00 UT. While a weak type
II radio burst was produced by the fast CME at the start of the event, this radio emission
was enhanced in regions where the two CME interacted. We found that the regions of
enhanced emission are located near or in the front of the fast expanding CME, as
suggested by Gopalswamy (2004) (See Figure 2).
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Figure 2. STEREO -B observation of the 2010 August 1 CME from Cor2 at two representative times of type
Il radio burst, 09:09 UT and 10:09 UT, with line-of-sight direction-finding results from STEREO -B /WAVES
overplotted in color, where color represents different frequencies. The solid white line in lower panel shows
the contour of the expanding CME.
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