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North-south asymmetry in global distribution of the solar wind
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Estimation of solar wind speed by the photospheric magnetic field
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Radiocarbon '¢C) is produced in the upper atmosphere by galactic cosmic rays, which are modulated by solar magnetic
activity. Its content in tree rings is retained and provides a record of past cosmic ray intensity and solar activity. We have measure
the '*C content in Japanese cedar tree rings from AD 600 to 760, a time interval including a small grand solar minimum in the
7-8th centuries, with a resolution of 2 year.

Periodicity analysis of thé&*C data exhibits a component in the frequency band of the Schwabe cycle with a period of 12-13
years continuing throughout the minimum. This is the fourth case of increase in the length of the Schwabe cycle observed i
grand solar minima, after the Maunder Minimum, the Sporer Minimum, and the 4th century BC Minimum. A finding of the
fourth of these cases strengthens the evidence that the length of the Schwabe cycle increases during grand solar minima.

Also a difference between the Maunder type and the Sporer type minima was found, i.e. the length of the Schwabe cycle of th
Maunder type minima increase during the most period of the minima, while that of the Sporer type minima increase during only
the preceding or the beginning of the minima. There is a correlation between the cycle length and the amplitude of the Maunde
type minimum.

In addition to the increase in the cycle length, it was also found that short frequency components appear preceding and :
the beginning of the minimum. These short frequency components are due to solar magnetic activity which is predicted by the
flux-transport dynamo model (Choudhuri and Karak, 2009).
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Solar wind velocities near the sun observed by Akatsuki radio scintillation measurements
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Radio scintillation observations of the solar wind velocity at the heliocentric distances of 1.5-20.7 solar radii were conducted
during the solar conjunction of the Japanese Venus explorer AKATSUKI during June 6-July 8 in 2011. One-way, X-band down-
link signal stabilized by an onboard ultra-stable oscillator was transmitted from the spacecraft and received by an open-looj
recording system at the Usuda Deep Space Center. Spectral analyses of the intensity fluctuation (scintillation) provides the velo
ity of the solar wind. Velocities were derived even in the 'strong scattering’ regime near the sun for the first time by comparing
the observed scintillation spectra with theoretical ones for strong scattering conditions. Simultaneous observations with a spac
solar telescope HINODE were also conducted over 4 days around the period of the minimum solar offset distance.
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Reconstruction of an evolving magnetic flux rope in the solar wind from single-spacecraft

data
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In situ measurements, often made by single spacecraft, have a difficulty in revealing spatiotemporal evolution of space plasm
structures. We present a single-spacecraft method for decomposing spatial and temporal variations of physical quantities
points along the path of a spacecraft in spacetime, which can be used for reconstruction of slow evolution of two-dimensiona
(2D) and magneto-hydrostatic structures (namely, Grad-Shafranov equilibria) (Sonnerup and Hasegawa, 2010). The method
applicable to structures that are in Grad-Shafranov equilibrium and in which the flow is incompressible and the frozen-in condi-
tion is satisfied. Benchmark tests are conducted by use of synthetic data taken by a virtual spacecraft that traverses, at a const
velocity, a magnetic flux rope growing in a 2D magnetohydrodynamic simulation of magnetic reconnection. It is demonstrated
that the new method can better recover the quantities in spacetime than does an earlier version, in which time aliasing effects h:
not been removed (Hasegawa et al., 2010). The application to a flux rope observed on 25-26 March 1998 by the ACE spacecre
in the solar wind suggests that its core part was evolving in an intriguing way during the “17 hour interval of traversal.

Sonnerup, B. U. O., and H. Hasegawa (2010), On slowly evolving Grad-Shafranov equilibria, J. Geophys. Res., 115, A11218

doi:10.1029/2010JA015678.
Hasegawa, H., B. U. O. Sonnerup, and T. Nakamura (2010), Recovery of time evolution of Grad-Shafranov equilibria from
single-spacecraft data: Benchmarking and application to a flux transfer event, J. Geophys. Res., 115, A11219, doi;10.1029/2010
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Electron acceleration at the termination shock
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The ability of the termination shock as a particle accelerator is totally unknown. Voyager spacecraft data and recent kinetic
numerical simulations revealed that the compression ratio of the termination shock is rather low due to the presence of picku
ions, i.e., the termination shock appears to be a weak shock. Nevertheless, two Voyager spacecraft observed not only hi
energy ions called termination shock particles, which are non-thermal but less energetic compared to the so-called anomalot
cosmic rays, but also non-thermal electrons. In this study we focus especially on microstructure of the termination shock an
the associated electron acceleration process by performing one-dimensional full particle-in-cell (PIC) simulations. The electrol
acceleration efficiently occurs through a shock drift acceleration mechanism when a shock angle becomes oblique. In the obligu
termination shock a new type of self-reformation is seen even if a relative pickup ion density is not small (30%). Variations of
the energy distribution functions of the accelerated electrons are discussed for a couple of parameter sets.
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It is well known that the magnetohydrdynamic (MHD) turbulence with the high cross helicity (Alfvenic turbulence) is ubig-
uitously observed in the solar wind plasmas. The Alfvenic turbulence generated in the vicinity of the photosphere may play ar
important role in heating of coronal plasmas, and a number of authors have investigated the "wave modeling” of the solar winc
plasmas. On the other hand, while the heating of ions is dominated by the collisionless damping of the low-frequency waves
few models including the low-frequency Alfvenic turbulence have gone beyond the MHD description. In this study, we present
the nonlinear evolution of low-frequency Alfvenic turbulence in the radially expanding solar wind by using a kinetic-fluid model
(Vlasov-MHD model). The heating of ions by low-frequency Alfvenic turbulence in the absence of the ion cyclotron resonance
is demonstrated. In order to discuss the self-consistency of the ion kinetics, we carry out the test-particle simulation, in which the
numerical data of the global MHD simulation is used. The other non-MHD effects are also discussed as the phenomenologice
parameters.
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Type-1 noise storms are one of the most frequently observed solar radio phenomena in the metric frequency range. They al
thought to be plasma emission at the local plasma frequency. Type-I noise storms contain many complex fine structures in the
spectra called type-I bursts. They are thought to be caused by some inhomogeneities of particle acceleration, wave generatic
radio emission, and/or radio propagation processes. However, the detailed spectral characteristics of them have not been unc
stood well because of the complex spectral structures, limited spectral resolutions of the previous observations, and numerol
instances of radio frequency interference (RFI) in the observed radio spectra.

We developed a two-dimensional auto burst detection algorithm that can remove RFI and distinguish an individual type-I burs
element from complex type-1 noise storm spectra. This algorithm removes RFI from the observed radio spectra by applying ¢
moving median filter along the frequency axis. Burst and continuum components are distinguished by a two-dimensional max
imum and minimum search of the radio dynamic spectra. Then we derived the peak flux distributions of type-I bursts using
AMATERAS (the Assembly of Metric-band Aperture TElescope and Real-time Analysis System; lwai et al. 2012), a solar radio
telescope that can distinguish the fine spectral structures of metric radio bursts with high time and frequency resolution. The
analysis result shows that each type-I burst element has one peak flux without double counts or missed counts. The peak flux d
tribution of type-I bursts derived using this algorithm follows a power law with a spectral index between 4 and 5. This extremely
soft spectrum is observed for the first time in solar phenomena.

0o0000:.:0000,000,0000,0000,AMATERAS
Keywords: Sun: radio radiation, Sun: corona, ground-based observation, particle acceleration, AMATERAS
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Spectral Analysis of the Electron Density Fluctuation in the Solar Corona obtained by

Radio Occultation Experiments
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Similarities of upstream whistler-mode waves observed in the solar wind
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Narrowband whistler-mode waves whose frequencies close to 1 Hz have been observed near the Moon by WIND [Farrell et al
1996], Geotail [Nakagawa et al., 2003], Lunar Prospector [Halekas et al., 2006, 2008], and Kaguya spacecraft [Tsugawa et al
2011]. These waves are propagated upstream against the solar wind and Doppler-shifted in the spacecraft frame to be left-ha
polarized. Similar waves have been observed in the upstream regions of many solar system bodies over four decades and h:
been called '1 Hz waves’ [e.g., Heppner et al., 1967; Russell et al., 1971; Fairfield, 1974; Orlowski et al., 1990, 1995; Brain et
al., 2002]. However, some unclear issues in their propagation and generation processes have not been solved, such as requi
condition to observe the waves, spectral formation mechanism, and the frequency dependences of the processes.

In the present study, we compare the waves in different regions to answer the issues. We investigate common properties of tl
waves observed by Kaguya at 100 km altitude of the Moon and by Geotail in the upstream region withifirathRhe Earth’s
bow shock. Group velocity vectors of the waves in both regions are going to cancel the solar wind velocity vector. This condition
is required to observe the waves and would make the narrowband spectra. We suggest that the wave frequency is determin
so as to satisfy the condition. We reveal that the wave propagation angles in the upstream region of the Earth’s bow shock al
typically in the range of 20?40 degrees and are smaller than those near the Moon which are in the range of 20?70 degrees. Tl
result suggests differences of the wave generation and damping processes.
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Fine spectral structures of a solar radio type-Il burst observed with AMATERAS
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Fiber bursts (NFB) _ _
Narrowband fiber bursts (NFBs) in type IV bursts observed with IPRT/AMATERAS
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Solar Type IV bursts are a type of intense radio phenomenon that accompanies solar flares. Following the discovery by Elgarc
(1959), many observations have suggested that Type IV bursts are accompanied by several kinds of spectral fine structure. O
type of prominent fine structure is fiber bursts, which are generally assumed to be emitted through the wave-wave couplin
between Langmuir waves and whistler-mode waves propagating in the corona. Recent observations in a frequency range
several GHz with high frequency and time resolution have revealed that narrowband fine structures similar to fiber bursts occu
in Type IV bursts. In the meter-wavelength range, however, few spectral observations with high resolution have been carried ou
unlike at decimeter wavelengths.

In the present study, we have investigated the fine structures in a wide frequency range from 100 to 500 MHz, obtainec
with a large-aperture radio telescope and a high-frequency and high-time resolution spectrograph, the Assembly of Metric-ban
Aperture Telescope and Real-time Analysis System (AMATERAS) installed on the litate Planetary Radio Telescope (IPRT) was
developed by Iwai et al. (2012) and enables us to observe solar radio bursts in the frequency range from 150 to 500 MHz witl
a time resolution of 10 ms, a frequency resolution of 61 kHz, and a minimum detectable flux of 0.7 SFU. Moreover, both left-
and right-handed polarized components can be observed simultaneously. The resolution of IPRT/AMATERAS for observation:
of metric solar radio bursts is the highest in the world as of January 2013.

We analyze Type IV bursts observed on 7 June, 2 and 4 August, and 6 September 2011 with IPRT/AMATERAS. They consis
of the spectral fine structures drifting within narrow-frequency bands. In this study, these fine structures are termed as narrowbar
fiber bursts (NFBs). They are similar to the phenomena previously reported by Elgaroy and Sveen (1979) in the meter-wavelengt
range, and Chernov et al. (2008) in the decimeter range. The present analysis of the event on 7 June 2011 reveals the followil
results: (i) the individual NFB has a negative frequency drift with about -30 MHz @) NFBs exhibit two types of large-scale
frequency drift, characterized by negative and positive frequency drift rates, (iii) the negative frequency drift rate is almost the
same as that of the individual NFB, while the positive one is about 90 MHz s

Based on the observed characteristics, we discuss the generation mechanism of NFBs as follows: (i) the observed negati
frequency drift rate of NFBs can be explained by the propagation of whistler-mode waves in the corona, (ii) the observed
frequency interval of NFBs is too small to account for it by the double plasma resonance (DPR) theory, which was applied to
similar phenomena in the frequency range above 1 GHz (Chernov et al., 2008), and (iii) a new model is proposed in which
a single NFB is emitted from a localized micro-scale emission region and widely distributed emission regions form a group
of NFBs. We suggest in the proposed model that the regions are generated by upward whistler-mode waves and intermitte
downward-propagating electron beams.

In this presentation, we report the analysis results of NFBs and discuss the generation mechanisms.

Keywords: Sun, radio, Type IV burst, AMATERAS
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