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INTRODUCTION
Only some coronal mass ejections (CMEs) result in a shock
wave through the corona, and few of these shock waves ac-
celerate solar energetic particles (SEPs) towards Earth. This
study examines several variables (right) that may be con-
nected to the occurrence of SEPs in an effort to determine
what factors are most important in distinguishing which
shock waves will result in SEP acceleration toward Earth. 123
Type II radio bursts (Jan. 2010-May 2013, NASA Wind-Waves)
were examined along with 24 SEP events (NOAA SWPC), 22
of which were associated with a Type II radio burst.

SOLAR ENERGETIC PARTICLES
SEPs are high-energy particles, such as protons, which are accelerated
at the Sun and speed outward into the solar system. If they reach Earth,
they can be harmful to satellites, communication systems, and humans
in space or on polar airline routes. NOAA defines an SEP event as an
occasion when the flux of protons with energies higher than 10 MeV
exceeds 10 pfu (particle flux units) as measured by the GOES satellites
in geosynchronous orbit.

Right: Proton flux recorded by GOES during an SEP event.

RADIO PROPERTIES
The frequency drift of Type II radio bursts is related to the speed of
the shock that created them. This was parameterized as the slope of
the burst in 1/f space, in which the bursts are almost linear (Lobzin
2010). By transforming the frequency axis to 1/frequency, remov-
ing gaps, boxcar smoothing, and increasing contrast via histogram
equalization, it was possible to pick out points (local maxima) and
fit lines to determine the slope of the bursts.

The intensity of Type III bursts was determined by integrating
along the previously determined line of best fit from high to low
frequency until log(intensity)<15% of log(maximum).
The intensity of Type II bursts was harder to quantify, since they
are less consistent and never continuous. Two parameters were
extracted: the single-point maximum along the line of best fit, and
the integral from that maximum point along the line until intensity
decreased by 15% from the maximum.

MacDowall (2003) defined the duration of a Type III burst as the
number of minutes for which the signal at 1MHz exceeds 6dB (four
times the background value). This duration was used as another
parameter to characterize Type III bursts.

LOCAL LANGMUIR WAVES
Electrons accelerated by the shock wave sometimes pass by the
WIND satellite, causing Langmuir waves visible at the local
plasma frequency. When these local Langmuir waves are present,
it is a good indicator that the active site accelerating the electrons,
and presumably the SEPs, is magnetically well-connected with the
Earth. The maximum intensity of these waves was used as another
variable in the final analysis.

Left: The lower edge of Type
III bursts can appear at the
same frequencies as Lang-
muir waves. By determin-
ing the presence of Langmuir
waves by the time derivative
of the signal integrated over
frequencies of 9-49 kHz, these
gradual Type III peaks can be
ignored.

X-RAY FLARES
X-ray flares are also often associated with solar activity resulting
in SEPs. X-ray flares occurring within 2 hours of the onset of the
Type II burst were considered relevant, and the maximum peak
flux and duration were used as additional variables for data points
from January 2010-November 2012.

RADIO BURSTS

Left: Radio data from the RAD1
and RAD2 radio receivers on the
WIND satellite, showing a Type
II and a Type III radio burst.

The most intense SEP events are associated with shocks, driven by
CMEs, which accelerate particles as they move through the corona.
These shock waves accelerate electrons, which then emit radiation
at the local plasma frequency. This radiation appears as a Type II
radio burst (above). 22 of the 24 SEP events studied were “grad-
ual” SEP events associated with one of these Type II radio bursts.
These “gradual” SEP events have higher fluxes and longer dura-
tions than “impulsive” SEP events, which are not associated with
coronal shock waves. All the observed Type II bursts that were as-
sociated with SEP events also appeared in conjunction with a Type
III radio burst, which are thought to result from magnetic recon-
nection over the active region.

Above: Connection between Type II and III radio bursts (back-
ground) and solar proton flux from GOES (red).

CONCLUSIONS AND FUTURE WORK
From a thorough analysis of the radio properties of SEP events
from 2010-present, we find that the intensity of Type II and III
bursts and Langmuir waves, as well as the duration of Type III
bursts, are well-correlated. Our PCA shows that using these vari-
ables alone, SEP and non-SEP events are clearly separable. There-
fore, the radio properties are a potentially important diagnostic for
predicting SEP events. We plan to extend this investigation by an-
alyzing STEREO/WAVES data over the same period. As STEREO
is the only space-based radio mission with real-time data, our aim
is to ultimately use the STEREO beacon data to predict SEP events
in real-time.

ACKNOWLEDGEMENTS AND CITATIONS
This work was funded through NSF and the University of Colorado as part of the LASP 2013 Research Experience for
Undergraduates Program in Solar and Space Physics. The authors thank David Malaspina (LASP) for his suggestion to
analyze the Langmuir waves data and Alan Ling (AER) for providing information on the X-ray flares
Lobzin, V et al. (2010). Automatic recognition of coronal type II radio bursts: The automated radio burst identifica-

tion system method and first observations. The Astrophysical Journal Letters, (710), L58-L62. doi: 10.1088/2041-
8205/710/1/L58.

MacDowall, R. J. (2003). Long-duration hectometric type III radio bursts and their association with solar energetic
particle (SEP) events. Geophysical Research Letters, 30(12), 8018. doi: 10.1029/2002GL016624.

NASA Wind-Waves. Type II and IV Burst Lists. http://www-lep.gsfc.nasa.gov/waves/data_products.html.
NOAA SWPC. Solar Proton Events Affecting the Earth Environment. http://www.swpc.noaa.gov/ftpdir/

indices/SPE.txt.

PRINCIPAL COMPONENT ANALYSIS
When PCA was performed, using the scikit-learn Python library,
on the six Intensity variables, it was found that all the intensities
were correlated (with weights over 0.3) except for X-ray peak in-
tensity. However, because the X-ray data was not complete, the
X-ray result is not significant. Overall, the intensities of radio phe-
nomena were correlated with the intensity of SEPs, as shown be-
low.

When PCA was performed on all nine variables extracted from ra-
dio data, it was found that the first component was able to separate
most SEP events from non-SEP events. A simple threshold will
identify 19 of the 22 SEP events with only 5 false alarms. The main
variables that load on this component, with weights over 0.3, are
Type III Integral Intensity, Type III Duration, Type II Peak Intensity,
and Langmuir Peak Intensity.


