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Abstract Results
. The purposc! of this regearch 1s to study the effect of Earth directed coronal mass ejections (CMESs) on the |

ionosphere 1n 2011, and te see if sudden 1onospherie disturbance (SID) monitors could be used to predict I For figures 2a & 2b, SID data is Lo
whether a CME was geoeffective. A CME is a cloud of highly energized particles ejected from the Sun. It is ) & delayed by 6 days to account for
hypothesized that a strong CME will affect the ionosphere, which might be observed in certain data sets. o CME travel time. All data is|
Data was taken from two SID monitors in Vienna receiving transmissions from Norway and France from AC represented by a 4-day moving
February through July, 2011. This data was then ahalyzed relative to the kinetic energy of Earth directed ' . . average.
CMEs that occurred during the same time period. The Earth directed CME data was taken from the Large pve - e

o &

Angle and Spectrometric Coronagraph (LASCO) device on NASA’s Solar and Heliospheric Observatory

* (SOHO). A correlation was found between CME Kkinetic' energy and SID energy, with the maximum
correlation at a 6 day lag of the SID data. The 6 day delay accounts for the travel time for the CME to reach
Earth. Though the impact of the CME on the 10nosphere was observed retrospectively, the research 1nd1cates
that CMEs may be 1dentified using SID monitors alone.
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Figure 2a: Vienna S Monitor
receiving signals from the FTA
transmitter in France. An increase 1n
SID energy seems to correlate with

Earth dlrected CM

Introduction

A CME is a giant cloud of highly energized solar particles that typically travels at 308 km/s formed by a
magnetic field twisting into itself on the Sun’s corona. Some CMEs are Earth directed, meaning that there 1s
a chance that the CME will impact the 1onosphere. If a high energy CME penetrates the ionosphere, it can
cause shifts in electromagnetic signals and disrupt communications. When viewing CME through LASCO,
some events appear to emanate from the Sun in all directions. These events are known as halo events. It is
believed that halo events are by their nature, Earth directed.

In an effort to better understand space weather in our solar system, SID monitors (Figure 1a) were developed
by a team of researchers at Stanford University. SID monitors are used to 1dentify the distortion of the lower
ionosphere by radiation emitted from solar flares. However they are being used in this research to identify
the impact of CMEs. These monitors are essentially radios that measure the reflection of very low frequencys
(VLF) radiation off the D region of the ionosphere about 70 — 100 Km above the surface of the Earth. The
VLF radio waves that are monitored come from several transmitters located around the planet. .4

'Flgure 2b: Vienna SID Monitor -
(receiving signals from the JXN
transmitter in Norway. The increase

in SID energy seems to correlate
- with Earth dlrected CMEs.

The variability of the reflected transmission is depentient

tpon the charge of the ionosphere. At night, since the Sun 1s .
not 1enizing particles in the atmosphere, the lower layer of

the ionosphere almost disappears. This causes the VLF 51gnals

to travel farther into the atmosphere to be reflected back to

the surface and this distorts the readings of SID monitors.

Materials and Methods

CME data was taken from LASCO/ SOHO CME Catalog. If a CME was recorded as a halo or partial halo 5

event, it was considered as Earth directed. If the central position angle was +/- 80° (Figure 1b) and the
angular width was greater than 50°, the CME was determined to be Earth directed. All other CMEs were
disregarded. : | i

_Data was taken from two SID monitors: UN-VIENNAOi6JXN and

UN-VIENNAOL6FTA located at the University of Vienna, Austria. Figure 3: The correlation coefficient

for the JXN and FTA frequencies at

These monitors received low frequency signals from transmitters in Novik, Norway . . different offsets. Notice that with a 6
and Sainte-Assise, France, operating at 16.4 kHz and 16.8 kHz respectively. ' ' day delay in SID data, the correlation
The correlation between CME kinetic energy and SID energy was identified using . . coefficient 1s highest for both
the CORREL function in Microsoft Excel 2010. . frequencies. :
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