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1. Abstract

Our laboratory, Astrophysical Big Bang Laboratory, was established on 1st Apr. 2013. Our
group focuses on unveiling lots of mysteries surrounding astrophysical explosive phenomena
such as supernovae (SNe) and gamma-ray bursts (GRBs). SNe and GRBs are the most
powerful explosions in the universe, and yet very little are known about their explosion
mechanisms. These astrophysical big bangs continue to fascinate us with their unknown
physics and puzzling astronomical phenomena such as gravitational waves, r-process
nucleosynthesis, particle acceleration, high-energy gamma-rays/neutrinos, ultra-high energy
cosmic rays. Through our theoretical and computational approaches, we strive to reveal the
complete pictures of these violent explosions and provide the-state-of-the-art physical
interpretations for current, cutting-edge observations as well as useful predictions for future
observations by the next-generation astronomical observatories. We are more than passionate
to co-operate with researchers in RIKEN as well as all other interested groups in Japan and the
world, and together we would like to establish a Utopia in RIKEN for scientists.

Toward our goal, communications & collaborations with Nishina Center are crucial. The
state-of-the-art equation of state for dense matter and nuclear reaction data for various channels
can be provided by Nishina Center groups, which are essential to unveil the phenomena of SNe
and GRBs. Our group has joint meetings with Dr. Nakatsukasa’s group continuously since
FY2013. This year we invited more nuclear physicists to the joint meeting for further
communications. Our group has joined one of the Pioneering Projects, “Extreme precisions
to explore fundamental physics with exotic particles (Triple-E)” (GD: Dr. Yasunori
Yamazaki). This project definitely helps our group to enhance communications and
collaborations with Nishina Center, especially Dr. Uesaka’s group. We also believe that our
group can contribute especially to new science using RIBF facility as well as Nishina Center
through this project. Also, deep understanding for mathematical and computational physics can
be very important to solve fundamental, unsolved problems in astrophysics. Our group has

joined one of the Pioneering Projects, “Interdisciplinary Theoretical Science Research Group



(iTHES)” (GD: Dr. Tetsuo Hatsuda) from FY2014 to discover new science by enhancing
communications with researchers of nuclear physics, condensed matter, chemistry, and biology
in RIKEN. This should be also helpful to increase our group’s activity for astrophysics.
Shigehiro Nagataki, the Pl of our group, has been a leader of Interdisciplinary Mathematical
and Computational Collaboration Team of iTHES.

Super-computing is indispensable for unveiling the explosion mechanisms of SNe and GRBs.
Full-understanding of them is still not achieved even by using K-computer. We are planning to
achieve the complete understanding of the explosion mechanisms with the post-K computer.
For the purpose, we are developing a new code that should fit the supercomputing by post-K
computer. Dr. Tomoya Takiwaki who has done numerical simulations of SNe by K-computer
supported by HPCI Strategic Program Field 5 “The origin of matter and the universe” has
joined our group from 1% Aug. 2014. We believe we can accelerate our project to unveil the
explosion mechanisms of SNe and GRBs together with him, and we will continue to encourage
excellent researchers of this field to join our group from all over the world, so that our group in
RIKEN will lead the world in this field.

As mentioned above, our group has already decided to lead the world in the field of
astrophysical big bang, including the explosion mechanisms. For the purpose, we are seeking
for top-ranked researchers in the world, encouraging them to join our group, and doing
the-state-of-the-art researches in this field. We are succeeding to have an international
laboratory composed of 6 Japanese including PI and 6 foreigners (two from Russia, and one
from Italy, China, Hong-Kong, and Thailand), including Alumni who succeeded to get their
next positions such as a faculty position at Yunnan Observatory in China, assistant professor
position at Kyushu Univ., JAXA International Top Young Fellow, Marie Curie Fellow, and
postdoc position at Kavli IPMU, the University of Tokyo. Among 6 foreign members, two
joined us from Stanford Univ., and two from Max Planck Institute. We are sure that we can
establish a top-ranked lab. in the world and achieve our goals & dreams in the near future
leading the world.
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