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Two X-class flares observed by SMART at Hida Observatory
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Magnetic Helicity Transported by Flux Emergence and
Shuffling Motions in Solar Active Region NOAA 10930

We present a new methodology which can determine magnetic helicity transport by the
passage of helical magnetic field lines from the sub-photosphere and the shuffling motions
of footpoints of preexisting coronal field lines separately. It is well known that only the
velocity component, which is perpendicular to the magnetic field (v L B), has contributed
to the helicity accumulation. Here, we demonstrate that v 1. B can be deduced from a hor-
izontal motion and vector magnetograms under a simple relation of v; = u; + (v,/By) By,
as suggested by Démoulin & Berger. Then after dividing (v L B) into two components,
as one is tangential and the other is normal to the solar surface, we can determine both
terms of helicity transport. Active region NOAA 10930 is analyzed as an example during
its solar disk center passage by using data obtained by the Spectropolarimeter and the
Narrowband Filter Imager of Solar Optical Telescope on board Hinode. We find that in
our calculation the helicity injection by flux emergence and shuffling motions have the
same sign. During the period we studied, the main contribution of helicity accumulation
comes from the flux emergence effect, while the dynamic transient evolution comes from
the shuffling motions effect. Our observational results further indicate that for this active
region the apparent rotational motion in the following sunspot is the real shuffling motions
on the solar surface.

References: Zhang, Y., Kitai, R., Takizawa, K., 2012, ApJ, 751, Issue 2, id85.
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5.2 0UOUOU

Numerical Study of Plasma Instabilities to Investigate
Fine-Scale Prominence Dynamics

The launch of SOT on the Hinode satellite revolutionised prominence observations.
With spatial resolution of 0.2” (~ 140km) and high temporal cadence (~ 10s) combined
with the seeing free observations provided by a satellite, it has given unprecedented ob-
servations of the fine-scale structure and dynamics of quiescent prominences. Through
these observations, previously unobserved dynamics have been discovered that challenge
our thinking on quiescent prominences.

The most striking of the observations has to be that of dark upflows that propagate from
cavities that form at the base of the prominence through the dense prominence material.
These observations show plumes of underdense material propagating through the dense
prominence. These plumes are excited by the magnetic Rayleigh-Taylor instability, in
what is arguably the best observation of this phenomena in an astrophysical system
(Berger et al. 2011). As this is an observation, not an experiment, numerical simulations

are necessary to complete our understanding of this phenomena.

@ (T A
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44
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Fig.1: This figure shows a 2D slice along the centre of the 3D prominence. The initiation of

the magnetic Rayleigh-Taylor plumes (panel a) and the nonlinear evolution (panel b) are
shown. The simulated plumes are remarkably similar to those observed in prominences.

In my Ph.D. thesis, using 3D MHD simulations, we investigated the nonlinear stability
of the Kippenhahn-Schliiter prominence model for the interchange mode of the magnetic
Rayleigh-Taylor instability. The model simulates the rise of a buoyant tube inside the
quiescent prominence model, where the interchange of magnetic field lines becomes possi-
ble at the boundary between the buoyant tube and the prominence. Upflows of constant
velocity (maximum found 6 kms™!) and a maximum plume width ~ 1.5 Mm which propa-
gate through a height of approximately 6 Mm were found. Nonlinear interaction between
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plumes was found to be important for determining the plume dynamics (Hillier et al.
2011 ApJL). It was found that the 3D mode of the magnetic Rayleigh-Taylor instability
grows, creating upflows aligned with the magnetic field of constant velocity (maximum
found 7.3kms™!) (Hillier et al. 2012). These results are in general agreement with the
observations of the rising plumes.

These simulations have also shown that
the Rayleigh-Taylor instability results in

the formation of current sheets inside the —y
10 arcsec

prominence and that reconnection in these
currents sheets triggers dense downflows in
the prominence. These downflows are ac-
celerated by gravity to reach supersonic ve-
locities, resulting shearing and twisting of
the prominence magnetic field. Matching
these results to observations of bright de-
scending blobs of plasma in prominences
(know as prominence knots) have lead to
the creation of a new dynamic model for
this phenomenon which is presented in my

thesis.

New Hinode observations of blobs of Fig.2: This figure shows a quiescent promi-
plasma were found that were ejected nence, observed by Hinode SOT. The ejec-
against gravity before undergoing freefall tion from the top of the prominence is
motion (Hillier et al. 2011 PASJ). To inves- marked with the arrow. Over the 4 hours
tigate this phenomenon, the development of the observations, 4 such ejections were
of a prominence current sheet under the observed. These ejections were launched
crossfield diffusion of neutral particles was against gravity, before falling under ballistic
investigated for the first time. This lead motion.
to the discovery of a significantly increased
growthrate for the tearing instability, that
would be able to provide an explanation for the upward ejected plasma blobs.

These studies show that the local dynamics observed by Hinode are very important for
our understanding of quiescent prominences, particularly in relation to the structure of
the magnetic field inside the prominence.

Reference:

Berger, T., Testa, P., Hillier, A., et al. 2011, Nature, 472, 197
Hillier, A., Isobe, H., & Watanabe, H. 2011, PASJ, 63, L19

Hillier, A., Isobe, H., Shibata, K., & Berger, T. 2011, ApJL, 736, L1
Hillier, A., Berger, T., Isobe, H., & Shibata, K. 2012, ApJ, 746, 120

(Andrew Hillier)
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Observational Study of Particle Acceleration in Solar Flares
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65) Kitai, R.}, W be, H.}, A T.1, Fuji M.}, Fukuoka, T.!, Shi H! N
gata, S.!

Stereoscopic observation of a rapidly rotating filament eruption
(66) Shibata, K.
Reconnection Models of Solar Flares and CMEs (invited)

(67) Ichimoto,K.!, Zhang,Y.5¥ and Kitai,R.!

Dynamics of Fine Scale Structures in Sunspot Penumbra
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Ly-alpha Polarimeter Design for CLASP Rocket Experiment (poster)
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Simulation of RT instability in a prominence
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Solar and Stellar Flares — from nanoflares to superflares — (invited)
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Moreton Wave and EUV Wave Associated with the 2010 February 7 and 2010 August 18
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(103) Kitai, R.}, Ueno, S.!, Asai, A.!!, Isobe, H.'', Hayashi, H.!2
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Simulations of the magnetic Rayleigh-Taylor instability in the Kippenhahn-Schliiter promi-
nence model
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Solar UV Visible and IR Observing Telescope (SUVIT) Overview
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Hard X-ray and Microwave Emission from Solar Flare with Hard Spectral Indices
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Future Plan in Japan
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Hierarchical Self-Organization of Turbulence and flows in Plasmas, Oceans and
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(120) Isobe, H.!!

Magnetic reconnection at various heights in the solar atmosphere
JIFT meeting on turbulence in plasma, GFD (Kyoto) 100 25 [
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Solar and Stellar Flares — from nanoflares to superflares — (invited)

GCO symposium on ”Non Equilibrium Dynamics in Astrophysics and Material
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(124) Takasao, S.!., Isobe, H.!!, Shibata, K.}
The acceleration mechanism of the cool jets on the sun (poster)

(125) Matsumoto, J.!, Masada, Y.!7, Shibata, K.

Interacting rarefaction waves as a possible origin of acceleration and collimation of rela-
tivistic jets (poster)

Informal Meeting on Astrophysical MHD (Kyoto-U.) 110 40
(126) Shibata, K.!

Superflares on solar type stars
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