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1. WFFEEEE (Summary of research)

Coronal/Chromospheric heating and particle acceleration processes in a solar flare are still the big
questions in solar physics and understanding of energy release process is an important key to solve
them. Therefore, it is necessary to investigate the transfer of magnetic energy to various energies (e.
g. thermal, high-energy particles, waves). However, investigating of particle acceleration is not
progress, because the resolution (~15”) of X-ray/gamma-ray/radio observations that indicate
accelerated particles is significantly worse than that (1”’~0.1”) of observation with other spectral
ranges. In order to solve this problem, we have been working on the high-resolution ALMA data with

band 3 recorded on 17 December 2015 in the 6tk solar commissioning campaign.

The purpose of our joint research is to start to examine the non-thermal emission from microflares
using the solar ALMA data. We also compared the ALMA data with EUV/X-ray data to understand
the nature of microflares and the emission mechanism responsible for mm-wave emission in
microflares. We estimated the contribution of mm-wave thermal emission of high temperature
plasma (0.1~10 MK) from the multi-wavelength data, and try to separate non-thermal emission from

mm-wave data.




2 W72k R (Research achievements)

Calibration of the ALMA data

The target is near the preceding sunspot of the active region AR12470. This preceding sunspot is the
biggest sunspot in the solar disk on the observing day, and it has the negative magnetic polarity. We
considered the ALMA data with spectral window ID number 5, 7 (Spw5-7, 94 GHz), 9 and 11 (Spw9-
11, 106 GHz) recorded from 18:42:33 - 18:52:48 UT. After regular calibration, we used imaging
scripts which are developed by NAOJ solar group to create the single dish image, the interferometric

images, and the combined image and then we also self-calibrated the ALMA data.

ARSP_B3Spwb—7_|_selcal_100258.fits—raster

=
1)
o
=3

800
600 M

400
—— ALMA_Spw5-7

2001 —— ALMA_Spw9-11

10007 — AIA 304 x 3
| — AA131x4

F— AA171 w
Ll AIA 193
R—"AlA3TT JW

T — AIA335x37 ——
ol AIA 94 X 28 .
o O _® O .o®
PRI O AN LI C R
ISR Sl LN ol S obN o

~
a
=]

v
=]
]

N
o
=]

Instensity (DN/pixel/sec) Flux instensity (Jy/beam)

N 0 O 0 0
P 0P P 4° o
AB7 48P A@T

Time (hh:mm:ss)

b)

Figure 1. Selected region showed by a box on image of ALMA data (a) and flux intensity profiles of
multi-wavelength data (b).

Developing scripts to analyze the ALMA and AIA data

Using Casa and SunPy, we wrote scripts to estimate the physical parameters (e. g. flux intensity,

spectral index, noise level) from completely different spectrum data.

We compared location and timing of 94 and 106 GHz emissions with emissions at EUV wavelengths
to deduce the thermal or non-thermal nature of the 94/106 GHz sources. We plotted the flux
intensity time profiles of AIA/ALMA data and estimated the spectral index of the millimeter
emissions. Figure 1 shows an example of flux intensity time profiles from ALMA and AIA data.
Results reveal that the flux intensity from ALMA at 106 GHz is higher than that at 94 GHz and the
peaks of the intensities of AIA data occurred before those of ALMA data.

Using Casa and SunPy, we wrote scripts to estimate the physical parameters (e. g. flux intensity,

spectral index, noise level) from completely different spectrum data.

We compared location and timing of 94 and 106 GHz emissions with emissions at EUV wavelengths

to deduce the thermal or non-thermal nature of the 94/106 GHz sources. We plotted the flux




intensity time profiles of AIA/ALMA data and estimated the spectral index of the millimeter
emissions. Figure 1 shows an example of flux intensity time profiles from ALMA and AIA data.
Results reveal that the flux intensity from ALMA at 106 GHz is higher than that at 94 GHz and the
peaks of the intensities of AIA data occurred before those of ALMA data.

We synthesized images using XX- and YY-cross correlations for each spectral window and then
plotted histograms to show the pixel distributions of brightness and the pixel distribution function of
the difference image (See Figure 2). Using the width of the Gaussion function fitted to the
distribution of the differential, the noise level of Spw5-7 and Spw9-11 data are 3.2 K and 3.6 K,
respectively. The estimated errors of the analysis method for Spw5-7 and Spw9-11 data are 3.8 %
and 6.0 %, respectively.
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Figure 2. The pixel distributions of brightness (left panel) and pixel distributions function of the
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difference image (right panel) of Spw5-7 (a) and Spw9-11 (b).

Additional activities

Attending some seminars which topics are as follows,
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presented by Dr. Sachiko Akiyama (NASA Goddard Space Flight Center)

- Topic

brightening and vector magnetogram”

presented by Naoto Nishizuka (NICT)
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“All CMEs originating near the disk center of the Sun do not arrive at Earth: Why?”

“Solar flare prediction model with three machine-learning algorithms using chromospheric

Plan in future

We will continue to discuss the physical processes of microflare events. A paper is expected to be

seen in December 2017
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(Any comments on this program [For applicant] )
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(Any comments on this program [For joint researcher] )

We think that NAOJ Visiting Joint Research program brings the chances for young researchers to
achieve the good kills of analysis of the ALMA data. It is also important for researchers in the
developing country to develop their career and have opportunities of collaborative research in

Astronomy.
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