Spectral Analysis of the Electron Density Fluctuation
in the Solar Corona obtained by Radio Occultation
Experiments using the Akatsuki Spacecraft

Mayu Miyamoto (Univ. Tokyo),
T. Imamura (ISAS/JAXA),

M. Tokumaru(Nagoya Univ.),
H. Ando (Univ. Tokyo),

H. Isobe (Kyoto Univ.),

A. Asai (Kyoto Univ.),

D. Shiota (RIKEN) and

K. Yaji (Rikkyo Univ.)

February 21, 2013 Symposium on planetary science 1



Coronal Heating

Temperature distribution with height
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Coronal Heating by Waves

Alfven waves

* incompressible, transverse wave
 They are expected to transport energy to heat the corona.

Mode conversion

Magnetosonic waves

 compressible, longitudinal wave

* They cannot easily propagate to the corona, since they
make shock waves and then dissipates energy rapidly.
The cutoff period in transition region is about 150 s.
(Erdelyi et al., 2007)




Sound wave in the Corona

Statistical analysis of quasi-periodic electron density fluctuations
obtained by radio occultation experiments (Efimov et al., 2012)
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Period : ~4 minutes
(Frequency: ~4 mHz)
Distance : 3-40 Rs
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Occurrence frequency: ~20%
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Coherence time : ~30 minutes
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Sound wave in the Corona

Compressional waves obtained by SOHO ultraviolet coronagraph
spectrometer white light channel (Ofman et al., 2000)

Wavelet analysis of the polarized brightness
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Period : 6-10 minutes Z |
(Frequency:1.6-2.5 mHz) : |
Distance : 1.9 Rs

Coherence time : ~30 minutes
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Purpose of this study

 Secondary generation of acoustic waves from Alfvan waves
might play an important role in coronal heating.

e (QObservations of acoustic waves in corona have been limited.

4

The purpose of this study is to examine the radial
dependence of acoustic wave characteristics,
such as the period, the density amplitude and the
energy flux, in the region from 1.5 to 20.5 Rs.




Radio Occultation

AKATSUKI 8. 4GHz Radio wave Signal frequency fluctuation (f’)
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Observations

 Date:June 6, 2011-July 8, 2011 (16 days)

* Recording time:3.0-7.5 hours
 Heliocentric distance:1.5-20.5 Rs

Trajectory of the Akatsuki spacecraft
relative to the sun as seen from the Earth
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Data Processing

o '
® Akatsuki

Signal (8.4 GHz)
UDSC

{ Intensity

Down-conversion

* 12:5 kHz _E;4=G\u;-lz
500 kHz sampling

Y

Subtraction of predicted Doppler frequencies

Down-conversion for noise-reduction
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Data Processing
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Power Spectra
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Wavelet Analysis

Morlet function P (t/ S)
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WaveletSpectra 1.5-5. 9 Rs
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8.4 Rs

100"

Period [s]

Tlme [s]

5000 10000 15000 20000 25000 30000
Tlme [s]

2000~ - ‘ ‘ -
0 5000 10000 15000 20000 25000 30000

Time [s]

-
D

on pIan@taryS;@OﬂwdfOOOO 15000 20000 25000 30000
Time [s]

72

101
102
103

101
107
103
104
10°

101
1072
103
104

101
102
103
104

Power [

Power [Hz?]

T

Power [Hz?]

Power [Hz?]

Period [s]

Wavelet Spectra 1.5-5.9 Rs

12.7 Rs 100

5000 10000 15000 20000 25000 30000

T|me [s]

Timg [s]

o s s ‘ J
5000 10000 15000 20000 25000 30000

Time [s]

10

101
107
103
104

10

101
102
103

101
102
103
104
10

14

Power [Hz2] Power [Hz2]

Power [Hz?]



Periods of the density fluctuations
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‘ Density fluctuations having various periods from a few
hundred to a few thousand seconds were detected.




Column density variation (N’)

Signal frequency fluctuation (f)
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Estimate of density amplitude (n’)

The spatial scale of the density fluctuation needs to be assumed.

The density fluctuation is assumed to occurs in

a wave packet having a spatial scale
comparable to the wavelength.

!
A Wave packet
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The spatial scale of a wave packet
is typically around one wavelength.




Amplitude of relative density fluctuation
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* The positive correlation between the amplitude of relative density fluctuation

and the heliocentric distance is qualitatively similar to that in the simulation.
* (THE'absolutéVallies are smaller than those in the simulation.
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Energy flux of acoustic wave (F’)
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* The estimated energy fluxes are smaller than those in the simulation.




Energy flux of acoustic wave (F’)

1D MHD simulation
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* The estimated energy fluxes are smaller than those in the simulation.
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Summary

To examine the radial dependence of the characteristics of
acoustic waves, we analyzed the radio occultation data near the
sun and detected density fluctuations which can be interpreted
as acoustic waves.

The overall spectral feature is near power-law at large heliocentric
distances.

Density fluctuations having various periods from a few hundred to a few
thousand seconds were detected near the sun.

The positive correlation between the amplitude of relative density
fluctuation and the heliocentric distance is qualitatively similar to that

in the simulation, but the absolute values are smaller than those in the
simulation.

The estimated energy fluxes are also smaller than those in the
simulation.

We should note that only quasi-monochromatic fluctuations were
consideredvasswaves in this study.




