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Abstract

Ionospheric Doppler velocity (V*) and magnetic horizontal northward component (H) simul-
taneously detected Pi 2 pulsations at nighttime mid-latitude station (Paratunka, Kamchatka
region, Russia; L=2.05). The phase relation between H and V* shows -90 degree at the peak of
PSD (power spectral density) of H and V* in the case of Pi 2 on 29 Oct. 2006. This indicates
that the cavity mode resonance is maintained in the ionospheric F-region. On the other hand,
the Pi 2 on 4 Nov. 2006 shows different peaks of PSD in H and V*. This Pi 2 event can be
explained not only by cavity mode.

Introduction

Pi 2 magnetic pulsations, which associate with magnetic storms, are observed globally in the
magnetosphere. Pi 2 pulsation is an impulsive hydromagnetic oscillation and its period range
is 40 to 150 seconds [e.g., Saito and Matsushita, 1968]. The modes of Pi 2 pulsations depend
on the latitude and local time of observation [e.g., Olson, 1999; Yumoto and the CPMN Group,
2001].

Low- and mid-latitude Pi 2 pulsations are explained in terms of the cavity mode resonance
in the plasmasphere [e.g., Sutcliffe and Yumoto, 1991; Yeoman and Orr, 1989]. Takahashi et al.
[1995] found that magnetic Pi 2 pulsations in the night side sector at L < 4 are dominated by the
poloidal components and suggested cavity mode as an explanation. Also Takahashi et al. [2001]
analyzed the magnetic field and electric field observed by the CRRES satellite. They indicated
that the sources of Pi 2 pulsations are poloidal standing waves inside the plasmasphere and Pi
2 pulsations are explained in terms of cavity mode between two reflecting boundaries.

In the present paper, we examined the phase relation between the ionospheric Doppler
velocity in the ionospheric F-region detected by an FM-CW (Frequency Modulated Continu-
ous Wave) radar and magnetic Pi 2 pulsations observed by MAGDAS (the MAGnetic Data
Acquisition System). Such comparison will provide us better understanding about excitation
mechanism of Pi 2 pulsations.
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Data Set

The present study is based on the data from FM-CW radar located at Paratunka, Kamchatka
region, Russia (PTK: Magnetic Latitude = 45.8 degree, Magnetic Longitude = 221.6 degree, L
= 2.05, LT = UT + 10.5 hrs). The FM-CW radar is a type of HF radar that can measure the
range of target as well as Doppler shift for reflected radio waves from the target (e.g., ionized
layer). This application of the FM-CW radar is a variation of a technique developed by Barrick
[1973] to measure sea scatter. We target the ionospheric F region for Doppler measurement.
Our radar is an improved version of the FM-CW radar developed by Nozaki and Kikuchi [1987,
1988].

The observed Doppler frequency is represented by

δf =
v × 2f0

c
, (1)

wheref0 is the transmitting frequency and v is vertical drift velocity of the ionosphere
describe by

v =
δf × c

2f0

, (2)

For this study, the transmitting frequency f0was 3.0 MHz. The data of Doppler velocity
were digitized with 3-sec sampling.

By assuming that the v is caused by the frozen-in effects in the ionosphere, we can estimate
the east-west ward electric field (Ey). The equation of the frozen-in effect is described

E = −V ×B, (3)

where is east-west electric field (Ey), and is the horizontal component (H component) of
the ambient magnetic field intensity in the ionosphere, and v is obtained by FM-CW radars. A
schematic diagram of the Doppler measurement by an FM-CW radar is shown in Fig. 1.

In order to compare the radar data with ionospheric Ey, we analyzed ground magnetometer
data obtained at PTK. This station is a part of the MAGnetic Data Acquisition System of the
Circumpan Pacific Magnetometer Network (MAGDAS/CPMN) [Yumoto and the MAGDAS
Group, 2006 and 2007].
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Data Analysis

Pi 2 on 29 Oct. 2006

Figure 2 shows a nighttime Pi 2 event that was observed on 29 October 2006. This event was
examined by Ikeda et al. [2010b]. During this event, PTK was located in the pre-midnight sector
(2304-2316 LT). The upper panel shows the ground magnetic horizontal northward component
(H) and the bottom panel shows downward Doppler velocity (V*) obtained by the FM-CW
radar. During this event, V* was observed at the virtual height of about 300 km. We can see
Pi 2 pulsations in H and V* simultaneously.

Using 512-point FFT, we obtained spectral property between H and V* shown in Fig.3.
The panel (a), (b), (c), and (d) in Fig. 5 show PSD (power spectral property) of H, PSD of
V*, phase difference (Pha) of H-V*, and coherence (Coh) of H-V*. A dominant spectral peak
is seen at 16.9 mHz in both H and V*. At 16.9 mHz, the Coh is 0.99 and Pha is -91 degree.
This means that V* leads H by 91 degree.

Pi 2 on 4 November 2006
Figure 4 shows a nighttime Pi 2 event that occurred on 4 November 2006. This event was

also examined by Ikeda et al. [2010]. The format of the Fig. 4 is the same as that of Fig. 2.
During this event, V* was obtained at the virtual height of about 250 km.

The spectral property of the Pi 2 on 4 Nov. 2006 is shown in Fig 5. The most dominant
frequency of H is 7.8 mHz, but that of V* is 19.5 mHz (see Fig. 5 (a) and (b)). However the
second peak of V* is 7.8 mHz which is same as that of H. If we focus on 7.8 mHz, the Pha is
about -90 degree.

Discussion and Summary

According to the box model of a cavity mode by Takahashi et al. [2001], the phase difference
between Bz (magnetic field compressional component) and Ey (electric field azimuthal compo-
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nent) is -90 degree at the inner boundary. This value is almost same with the Pha of H-V* at
16.9 mHz (peak of H and V*) on 29 Oct. 2006. We therefore conclude that the Pi 2-associated
V* is caused by ExB drift in the ionosphere and the Pi 2 on 29 Oct. 2006 was explained in
terms of cavity mode.

The peaks of PSD of H and V* are 7.8 mHz, and 19.5 mHz in the case of the Pi 2 on 4
Nov. 2006. The second peak of V* is 7.8 mHz which is same as the peak of H. At 7.8 mHz, Coh
of H-V* is about -90 degree. Thus it seems that the Pi 2 oscillation at 7.8 mHz was excited
by the cavity mode. In the case of 19.5 mHz, there is no remarkable peak in H. It is worth to
compare V* with high-latitude H to examine the excitation mechanism for Pi 2-associaed V*
at mid latitude.
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Â íà÷àëå ìàãíèòîñôåðíûõ ñóááóðü ãëîáàëüíî â ìàãíèòîñôåðå âîçíèêàþò ïóëüñàöèè
Pi 2 ñ äèàïàçîíîì ïåðèîäîâ îò 40 äî 150 ñåêóíä [íàïðèìåð Saito, 1968]. Pi 2 èññëåäóþòñÿ
ñ ïîìîùüþ àíòåíí ìàãíèòîìåòðîâ íà çåìëå è ñ êîñìè÷åñêèõ àïïàðàòîâ [íàïðèìåð Yumoto
et al., 2001]. Òåì íå ìåíåå, õàðàêòåðèñòèêè ýëåêòðè÷åñêèõ ïóëüñàöèé Pi 2 â èîíîñôåðå åùå
íå áûëè ÷åòêî îïèñàíû.
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Â äàííîé ðàáîòå ìû ñôîêóñèðîâàëèñü íà èçó÷åíèè ñâÿçè èîíîñôåðíîé Äîïëåðîâ-
ñêîé ñêîðîñòè â F-îáëàñòè, îïðåäåëÿåìîé ñ ïîìîùüþ ðàäàðà FM-CW (ðàäàð ÷àñòîòíî-
ìîäóëèðîåìîé íåïðåðûâíîé âîëíû), ìàãíèòíûìè ïóëüñàöèÿìè Pi 2á íàáëþäàåìûìè ñ ïî-
ìîùüþ ñèñòåìû MAGDAS (Ñèñòåìà ñáîðà ìàãíèòíûõ äàííûõ) [Yumoto and the MAGDAS
Group, 2006 è 2007], è íà ñðåäíåøèðîòíîé ñòàíöèè PTK (Ìàãíèòíàÿ øèðîòà: 45.8 ãðàäóñîâ,
Ìàãíèòíàÿ äîëãîòà: 221.6 ãðàäóñîâ, L=2.05).
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