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Local Helioseismology with Solar Optical

Telescope onboard Hinode
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Helioseismology is the unique way to probe the solar interior by measuring the
surface oscillation signals. We have carried out local helioseismology analyses,
exploiting the recent Hinode/SOT data, ultimately motivated by a desire to
understand the activity phenomena on the Sun. Part of our endeavour has been in
theoretical regime as well.

Mechanism of solar activity is one of the biggest remaining mysteries of the Sun.
Sometimes sunspots appear on the Sun and explosions in the solar atmosphere are
observed around them. Sunspots are nianifestation of the solar magnetic fields
which have floated from the deep interior of the Sun. Interaction between magnetic
field and flows is considered to play a key role in the mechanism driving the solar
activity and its cycle, although we cannot see through the subsurface layers of the
Sun where the magnetic field is generated and interacts with flows, unless we use
the helioseismological techniques.

The Solar Optical Telescope (SOT) onboard the Hinode satellite is capable of
observing the Sun with the highest-resolution from a space-bourne instrument.
The dataset obtained by SOT is not designed for, but potentially very useful for
helioseismology observation, although the field of view is not so large. Therefore,
we have set out to carry out local helioseismology analyses by SOT data.

First, we have examined the solar oscillation itself in SOT signal, focusing on the
oscillations in sunspots. In the umbrae of sunspots, we have detected 3-minute
oscillation in the chromospheric lines, the so-called “umbral flash'. All the sunspots
investigated have shown the umbral flash, although the strength of the signal
varies. One of the sunspots we have examined, a nearly circular one, showed the
oscillation power deficit around the centre of the umbra. Such a feature has never
been reported and is not readily explained by existent models of the umbral flash.
We have also examined the oscillation signals using other instruments, namely,
SOHO/MDI and Nobeyama Radio Heliograph, and have compared signals with
those detected by Hrinode/SOT. By these analyses, we have established that the
peak frequency of the oscillation is higher in the inner part of the sunspot, as well
as confirmed that the umbral flash propagates mainly outwards. These results give
important constraints on the sunspot models, although Dopplergram datasets with
higher cadence are required for further study.

Second, we have investigated an emerging active region on the Sun by measuring
acoustic travel times. We have found a signature of chromospheric downflows by
combining chromospheric and photospheric datasets; we have found a travel-time
anomaly in the chromospheric measurement of the active region, but not in the
photospheric measurement. We discuss the behaviour of the supposedly evanescent

acoustic waves in the solar atmosphere, and how it impacts on interpretation of



travel-time measurement. We then interpret this travel-time anomaly as evidence
for chromospheric downflow. The downflow speed we have obtained is 5-8 km/s,
which is consistent with magnetohydrodynamic numerical simulations of emerging
active regions and chromospheric observations in the past. This result
demonstrates a new possibility of studying dynamics not only in the subsurface
layers but also in the upper atmosphere by multiwavelength time-distance
helioseismology. This kind of signature reminds us that chromospheric
helioseismology data may include information of dynamics in the chromosphere as
well as in the subsurface layers. This needs to be taken into account in
time-distance analyses, but it has not been considered sufficiently in the past.

Third, we consider the statistical property of the cross-correlation function,
which is used to measure the acoustic travel times in time-distance method. By
modelling the stochastic excitation of the solar oscillation, we discuss that the
distribution function of cross-correlation function is a normal distribution, and
have acquired expressions for average and variance of the distribution. This would
enable us to do forward statistical modelling of cross-correlation function, and
provide us with means to estimate the error in the travel times as well as the
inversion results.

Finally, we have studied the supergranulation in the polar region of the Sun. It is
difficult to observe the polar regions of the Sun in details because of foreshortening.
The high-resolution of SOT gives us an advantage in this regard. By time-distance
helioseismology technique, we investigated the structure of supergranular cells,
and have found the tendency that the east-west width is smaller and the depth is
larger, in the higher-latitude regions, compared to the equatorial region. Moreover,
we found some kind of cell alignment in higher-latitude regions. We need further
data and work for confirmation, but it may be an indication of giant cells, the
largest convection cell of the Sun. To understand polar region dynamics is of great

importance in comprehending how the solar dynamo mechanism works.
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