Automatic identification of Pc5 waves using RBSP
mode data from Hokkaido radar
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What is ULF waves?

Magnetic pulsations that are Ultra Low
Frequency (ULF) waves have observed by pulsation
many methods such as ground-based .
magnetometer, HF radar and satellite in the By RR o s (0

magnetosphere. tion |(sec)
In this study, we focus on Pc5 range ULF Contin Pcl  0.2~5
waves in mid latitudes. uum  pe  5~10
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The Pc5 waves have been observed by JGR,1964] The ULF waves

SuperDARN Tiger radar [Ponomarenko et are classified based on the
al., GRL, 2003] pattern and the frequency.
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The source of Pch waves
Solar wind dynamic pressure variation (4Psw)

o The dominant frequency depends on 4Psw

KHI due to flow shear in the magnetopause
O The domlnant frequency depends on Vsw (solar wind velocity)

o
2.5x10" § —— D )

w5 1 — — - [Dusp
W 4 —-—~-. huap

E e Dawn side
E 1 omer § L=7.9

oaﬂ-.uﬂa_*—; Mlat~69 i '-'-'___-——-"' ‘ /IPsw

0 5 ----='-|-*—'1—
1

é L=4.2 s
{ Mlat~61" _ e

O .-r-n-"'—"'""r__-'

Dusk side

'.|_i'|:| 'I'

Solar wind Veloc1ty Vsw (km/s)

The statistical analysis by the CANOPUS/CARISMA magnetometer array

during 20 years [Pahud et al., 2009]. It shows positive correlation between
VsWw and Pc5 power (L=4~8). ot



The spatial distribution of Pc5 waves

* Many previous studies have suggested importance of KHI. However,
a recent statistical study by Takahashi et al. [2012] indicated
importance of 4Psw for the low-latitude Pc5.

 Most of previous statistical studies based only on magnetic field
observations. It will be useful to investigate characteristics of
electric field component of the Pc5 waves.
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Mlat~63°
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The statistical analysis by the ground-based magnetometer (L=1.3~8.7)
[Takahashi et al., JGR, 2012] It shows the linier correlation coefficient between

PcS waves’ power on north-south component and solar wind parameters.
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The motivation

* What is the driver of Pc5 waves in mid latitudes?
o What is their dependence on the solar wind parameters?

* What is the propagation path of mid-latitude Pc5
waves”?

* We plan to study the dependence of Pc5 waves (150~600 sec)
on the solar wind parameters in the mid latitudes
statistically based on the Hokkaido HF radar observations.

* We try to develop an automated identification method of
Pc5 from the HF radar data.
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Previous automatic identification method
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Identification method

We use the Doppler velocity data by the Pc5 waves’
identification method. The Pc5 waves’ identification
method has five steps. These steps are the followings.

1. Remove noise (| Vlos| >200 m/s)
2. Interpolate (Linear)
3. Frequency analysis (Wavelet)
4. Calculate the ratio between the following power
1. the maximum power
2. the power at nearly the power-weighted average frequency
5. Identify the event from the candidates
1. The power ratio over the threshold (0.5)
2. The time span over the threshold (300 sec)
3. The range width over the threshold (3 range gates)

We show the detail and the example for the steps by the
next slide, and we use the Hokkaido HF data during RBSP
mode from 2013 Jan 18 1200 to 1800UT.



Noise removal and Interpola‘uon
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Wavelet analysis and power ratio calculation
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Wavelet analysis and power ratio calculation
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Wavelet analysis and power ratio calculation
(gate 80)
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Wavelet analysis and power ratio calculation
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Wavelet analysis and power ratio calculation
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Event Idintification
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Another example (2013 Jan. 27t
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Summary

We tried to develop automatic
identification method of Pcd waves using
RBSP mode data from the Hokkaido radar.

This idenftification method has 5 steps: 1.
noise removal, 2. linear interpolation, 3.
wavelet analysis, 4. power ratio calculation,
and 5. event identification.

By this method, we identified the following

events.

o The PcS event on 2013 Jan. 18th is identified clearly.
o The PcS event on 2013 Jan. 27th is identified partially.

o However, the method cannot completely exclude the time
intfervals with no Pc5 events.




Future works

Improvement of the identification method
o Parameter survey.
(Adjustments of the noise level, the frequency band, the
threshold for the power ratio, time threshold, and gate
number threshold are to be conducted)

The statistical analysis of the Pc5 waves using RBSP

mode data

o MLT dependence
o Magnetic latitude dependence
o Frequency dependence

Conjunction studies with the Van Allen probes data

Application of the improved identification method
to other SuperDARN HF radars data.
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