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Abstract

Solar flares emit intense X-ray fluxes that cause perturbations in the ionospheric D-region altering its electrical conductivity characteristics. GOES satellites
measure X-ray fluxes from the full-disk of the Sun. These X-ray fluxes are classified as B, C, M, and X class. The electrical characteristics of VLF waves during
their propagation within the Earth-ionosphere waveguide are used to study the low ionosphere. The variations of the phase of VLF signals during solar flares were
registered during the periods April - December 2007, January-December 2009 and July –August 2010 by the SAVNET station antennae located at Punta Lobos
(12°30’ S; 76°47’ W), Lima-Peru. We show in this work a preliminary database elaborated in order to catalog solar flares detected at Punta Lobos.

Introduction
The radio receiver station at Punta Lobos has been operating since
April 2007, and a catalogue of SPA (Sudden Phase Anomaly) due to
solar events is being developed . A SPA is observed as a phase
variation of VLF (Very Low Frequency, 3 – 30 kHz) waves.
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Analysis of the signals VLF within Earthionosphere waveguide
The low ionosphere (D-region) is formed during daytime by photo
ionization process due to solar Lyman-α photons (1216 Å) which
ionize the neutral components of Earth’s atmosphere. This region is
monitored using the characteristics of VLF waves propagation on
long distances within the EIW (Earth-ionosphere waveguide).
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Results and conclusions
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Almost all X-ray flares greater than C
class were detected by PLO. However,
for class B X-ray fluxes, large differences
were noticed between the GOES and
PLO detections. These discrepancies
can be explained by the sensibility of the
ionospheric wave path and the solar
activity conditions.
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The minimum X-ray flux producing a significant ionospheric disturbance
detected at PLO station during 2007 was B3.5; this flux was detected using
propagation paths NDK-PLO and NLK-PLO. Correspondingly, in 2009 we
find a minimum of B3.1 using NDK-PLO and in 2010 the minimum was
B3.4 using NAA-PLO propagation paths.
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Development of the catalogue
Solar flare events are mainly detected at PLO between 1100 and 2300UT.
Thus, in order to develop this catalogue, X-ray fluxes detected by GOES
satellite during this time period and greater than B2.0 (0.2 microwatts/m 2)
have been considered. These data are then compared with the PLO data,
and the phase variations which directly related to incident X-ray power are
measure. The following figures represent an example of how the
catalogue was made.

This catalogue, when completed, will represent a record of solar flares
detected by the PLO receiving station; it will also contain the minimum Xray flux capable of producing an ionospheric disturbance and by which
propagation path the solar flare was detected.
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