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Solar Energy Input
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Altitude (km)

Chemical effect on EPPs (1)

v Energetic Particle Precipitations (EPPs) @ HfEBA\DILFIHE

—  EFILETE : [Turunen et al., 2009; Randall et al., 2015]
[ Turunen et al., 2009]

energetic particles precipitate into atmosphere

0,*(H,0)

HO, *(H,0)_

[Randall et al., 2015]
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M Chemical effect on EPPs (2)

v Energetic Particle Precipitations (EPPs) O BB\ DL ZIGE
—  Hu E#HI : [Daae et al., 2012]
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£l Polar Mesosphere Winter Echo

v Polar Mesosphere Winter Echo (PMWE) :
’m

— Mesosphere echo in the polar regions Czechowsky et al., [1989]
during non-summer period |
[e.g., Ecklund and Balsley, 1981]
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2 | . density fluctuation
et 2€60MeC” ) Lonvniinn at the Bragg wave
reflectivity number (k)

Refractive
[ Tatarski, 1961; Lubken et al., 2006] index
/!—\1\,
o
@S Turbulent layer
Contributions of electron density to S
echo power are significant. fluctuation.” \‘:‘ Backscatter echo

— Mean occurrence rate is only 2.9 % (Total 447.5 h) [Zeller et al. 2006]

- Free electron, as scatterer, is not produced enough around dark mesopause
in polar winter.

Good correlation to enhancement of electron density in D region due to Solar
Proton Event (SPE) [Kirkwood et al., 2002]



&0 cCoincidence: SPE and PMWE

v First report on PMWE associated with Solar Proton Event
— Quasi simultaneous detection of SPE, PMWE, and CNA (GOES, MST radar

LOG CM-2 S-1 SR-1

ALTITUDE KM ALTITUDE M

DECIBEI

@Esrange, Riometer @ Abisko)
Kirkwood et al., [2002]
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£  PMWE detected by PANSY

PANSY radar beams #1-5

Range resolution: 600 m
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Power [dB]

Time resolution: almost 4 min.

All echoes in five directions
show almost the same

North
Altitude [km]
o
Echo
Power [dB]

~N

';g characteristics in height and
— 20 time, which suggests
_ & 10 3 isotropic scattering by
c 3 0 5 atmospheric turbulence
w 3 e p .
55 -10 2
-20
_ 20
£ 10 @ 20 km @ 60 km alt.
£ = o=
= 10 S
< -20
_ 20 _
_ £ 10 B8 beam5 léeam 3
8 o £x  West ast
=z i o
< s -20
hhmm 0000 0400 0800 1200 1600 2000 0000 T’I‘T’I‘,q‘,r
a
» local noont  UT d F .



M Correlations to SPEs

v Seasonal variations of daily occurrence rate for PMWE

PMWE
Nishiyama et al., 2p15
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v Two SPEs occurred in May 2013. (6 SPEs March through October 2013)
Good correlation to the most of SPEs or EEPs



v Summary plot for GOES and geomagnetic activity

Start End PFU (@> 10 MeV)
May 14/1325 May 17/1720 41
May 22/1420 May 23/0650 1660
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i SPE: PMWE and CNA

case study during SPE on May 23, 2013 X'ray’\/%( GOES (6.6 Re)

B X-ray (GOES)
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2] SPE: POES/MEPED and MF radar

201305
AACGM coordinate at alt. of 80 km
used METOP-02, NOAA—-15,16,18,19

waed NETOP-GZ, NOAA-15,16,18,19
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