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Occurrence characteristics of polar mesosphere winter echo (PMWE) observed by
PANSY radar and effects of solar energetic particles
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The physical properties of terrestrial atmosphere, such as temperature and composition, change drastically depending on al
tudes. In addition, energy injections originated from the solar activity in a variety of temporal scales as CME and 11-year solar
cycle are known to disturb terrestrial atmosphere strongly. Therefore, coupling process and energy budget in the middle an
upper atmospheres, which have different physical properties, should be taken into account to fully understand the atmospher
environment and short- and long-termed variations. However, it is difficult to measure basic physical quantity of atmosphere
(temperature, density, wind velocity and compaositions) continuously as a function of the altitude from a few tens of km to about
100 km, in the middle and the upper atmosphere. Detailed investigations based on comprehensive observations for the mido
and upper atmosphere are required to reveal the nature of plasma-neutral coupling process.

In the VIlI-th six-year project of the Japanese Antarctic Research Expedition (JARE) from 2010, the middle and upper at-
mosphere research is one of the sub-projects of the prioritized research project entitled 'Global warming revealed from the
Antarctic’, and comprehensive ground based observations with various remote sensing instruments for the middle and uppe
atmosphere have been operating continuously in Syowa station. We analyzed data obtained by PANSY (Program of the Antarct
Syowa MST/IS) radar, which is the core instrument of the project, focusing on Polar Mesosphere Winter Echo (PMWE) in the
context of plasma-neutral coupling process between the middle and upper atmosphere.

In the lower thermosphere at the altitude of around 100 km, both neutral turbulence and ionization of atmosphere due to sole
radiations cause irregularities of reflective index, and as a result back scatter echoes from that altitude are frequently observi
by radars on the ground. In the mesosphere, Polar Mesosphere Summer Echo (PMSE) is reported to be a strong echo associc
with ice particles, which are produced around the coldest mesopause region in the polar summer, by a number of past rad
observations Cho and Rottger1997; Rapp and Lubken2004]. It should be also noted that occurrence rate of PMSE is very
high (80-90%) Bremer et al, 2003].

On the other hand, PMWE is also known as back scatter echo from 55 to 85 km in the mesosphere, and it has been observ
by MST and IS radar in polar region during winter [e.§cklund and Balsley1981; Czechowsky et al 1989; Lubken et al,

2006; Strelnikova and Rapp2013]. Due to the lack of of free electrons and ice particles in the dark and warm mesosphere
during winter, it is suggested that PMWE requires strong ionization of neutral atmosphere associated with precipitations of Sola
Energetic Particles (SEPS) during geomagnetically disturbed per@dsyood et al, 2002; Zeller et al, 2006]. However, the
detailed generation process of PMWE has not been identified yet, probably because the reported PMWE occurrence rate w
quite low (2.9%) Eeller et al, 2006]. PANSY radar is a 47 MHz VHF radar with 125 kW (full system 500 kW) output power,
and it is the largest MST radar composed 5,000(full system 20,000 ) antenna array in Antarctica at the moment. PANSY

has already identified a number of PMWE since operation of mesosphere observation mode was started in June 2012. We wol
like to show occurrence characteristic of PMWE and its relation to SEPs during geomagnetically disturbed period in July 2012,
when continuous PMWESs were observed on temporal scales of several days.
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