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The progenitor of Type la supernovae is largely
expected as a close binary system of a
carbon/oxygen white dwarf (WD) primary and its
secondary non-degenerate (single degenerate: SD)
or degenerate companion (double degenerate: DD).
Here we present a high-cadence monitoring
observation of SN 2021hpr in a spiral galaxy, NGC
3147. SN 2021hpr shows typical characteristics as
a normal type la supernova from its photometric
(Ami5(B)=1.01£0.03, dust free Mpmax=-19.45+0.02)
and spectroscopic data. To investigate its
progenitor system, we fit the early part of
BVREI-band light curve simultaneously with a
combined version of ejecta-companion and simple
power-law model. As a result, we found a
significant feature of an early excess possibly from
a 7.63+£0.52Re-sized companion at the optimal
viewing angle while the fit is not successful at the
common viewing angle. No possible red sources
brighter than F555W=-7.01 AB mag is detected at
the SN location in Hubble Space Telescope (HST)
pre-explosion images, excluding massive stars with
initial mass of >16Ms as companions. We suggest
the progenitor system of SN 202lhpr can be a
fairly large companion such as a main sequence, a
low mass subgiant, and a helium giant star. In
addition, a possibility of the ejecta-Disk Originated
Matter (DOM) interaction for the DD scenario
considering linearly-rising early flux still remains.
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Merger shocks with M, <~ 3—4 have been
detected in galaxy clusters through radio
observations of synchrotron radiations emitted
from cosmic-ray (CR) electrons. The CR electrons
are believed to be produced by the so-called
diffusive shock acceleration (DSA) at the merger
shocks. To describe the acceleration of electrons,
the injection into DSA has to be wunderstood.
Recent studies have showed that electrons could
be energized through stochastic shock drift
acceleration (SSDA), a mechanism mediated by
multi-scale plasma waves at shock transition zone.
However, such preacceleration process seems to
be effective only at the supercritical shocks with
M, >~ 2.3, implying that further studies should

be done to explain radio relics with weaker shocks.
In this talk, we present the results obtained by
fully kinetic 2D particle-in-cell (PIC) simulations,
which include pre-existing suprathermal electrons
possibly ejected from active galactic nuclei (AGNs)
or produced by previous episodes of
turbulence/shocks. The simulations indicate that
the pre-existing electrons enhance the upstream
plasma waves in shocks with M, <~ 2.3.

However, the wavelength of such waves is not long
enough to scatter off suprathermal electrons and
energize them to the injection momentum for DSA.
Hence, we conclude that preexciting suprathermal
electrons alone would not solve the problem of
electron acceleration at radio relic shocks.
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Low mass X-ray binary(LMXB) & accretion disk
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The 7-dimensional Telescope (7DT) is an
innovative multiple telescope system that can
perform a rapid identification of optical
counterparts of gravitational-wave (GW) sources
and a wide variety of other astronomical projects.
This telescope is being developed as a part of the
recently approved National Challenge program, the
GW Universe project, with a full operation planned
at the end of 2023. The word 7-dimension stands
for x, y, z positions, the radial velocity, the time,
the wavelength, and the flux of astronomical
sources, implying the telescope's capability of
performing  time-series  wide-field, IFU-type
spectroscopic observations. The 7DT is composed
of about twenty 0.5-m wide-field telescopes, and it
can obtain spectral-imaging data at 40 different
wavelengths to the depth of 20 AB mag with 3 min
exposure for a given epoch. In this talk, we will
introduce the telescope system, and outline its
scientific capabilities with an emphasis on
multi-messenger astronomy and a few other key
science topics.



