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(1) Long-term goal of laboratory and research background

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

(2) Current research activities (FY2023) and mid-term plan (until Mar. 2025)

In FY2023, the final year of the RIKEN Pioneering Project "Evolution of Matter in the Universe
(r-EMU)", we achieved a number of achievements that can be regarded as representative results.
As a result of discussions with experts in nuclear physics theory and experiments, led by Dr. Eiji
Kido, we were able to summarize a theoretical study on the impacts of photonuclear
dissociations on the calculation of the propagation of ultra-high-energy cosmic rays ((4)
Representative research achievements [1]). Furthermore, the international collaboration group
"Telescope Array," in which Dr. Eiji Kido, Dr. Ryo Higuchi, and Nagataki participate,
successfully observed the second highest energy cosmic ray in human history, Amaterasu ((4)
Representative research achievements [2]). Also, we reported a summary paper on the radiation
mechanism of gamma-ray bursts, led by Dr. Hirotaka Ito, who had worked in ABBL for 10 years
in total ((4) Representative research achievements [3]). We also reported a paper on the Cosmic
Ladder led by Dr. Maria Dainotti, a former member of ABBL ((4) Representative research
achievements [4]), and a paper on the thermal radiation of the neutron star in Supernova 1987A
led by Dr. Akira Dohi ((4) Representative research achievements [5]).

ABBL started in FY2013 at RIKEN and has led the world for the sciences in SNe & GRBs.
Nowadays, ABBL is one of the most famous laboratories globally, and each paper from ABBL is
highly recognized in the community of SNe & GRBs. Until the end of FY2023 (11yr from the
start), 25 researchers, postdoctoral researchers, and SPDR/FPR belonged to ABBL, and 17
people got successive positions successfully. Among 19, 9 got permanent positions. ABBL is
developing further and further, keeping high research quality. Our goal is that each ABBL
member will get a permanent position in the world, and each member will organize her/his
research group to collaborate tightly with ABBL.

For the mid-term (until FY2024) goal of ABBL, Gravitational Wave is one of the keywords.
ABBL has been studying SNe & GRBs, which are gravitational wave sources. ABBL is going to
cover NSs & BHs more. There is a close relationship between SNe/GRBs and NSs/BHs since the
former is the latter's mother. As a good example, we will study neutron star mergers that will
emit gravitational waves, forming a BH. The dynamics depends on the equation-of-state (EOS)
of neutron star matter. The neutron star mergers can be observed as kilo-novae brightened by
the decay of r-process elements. Studies of neutron star mergers require substantial
computational resources. ABBL believes that gravitational wave astrophysics fits very well with
the sciences that RIKEN is leading.



(3) Members
PI, Chief Scientist: Shigehiro Nagataki
Researchers: Akira Mizuta (Tenured), Eiji Kido, Hajime Sotani, Nobuya Nishimura
Postdoctral Researcher: Yuta Sekino (who moved to iTHEMS/Hamasaki Lab. in FY2023)
SPDR: Ryo Higuchi, Akira Dohi, Ryosuke Hirai
JRA: Takatoshi Ko

Secretary: Tamaki Shibasaki
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(4) Representative research achievements

1. E. Kido et al." Evaluations of uncertainties in simulations of propagation of ultrahigh-energy
cosmic-ray nuclei derived from microscopic nuclear models", Astroparticle Physics, 152, 102866
(2023)

2. R. U. Abbasi, et al. “"An extremely energetic cosmic ray observed by a surface detector array",
(The Telescope Array Collaboration), Science, 382, 6673, 903 (2023).

3. H. Ito, J. Matsumoto, S. Nagataki, Donald C. Warren, Maxim V. Barkov, Daisuke Yonetoku,
“Numerical Simulation of Photospheric Emission in Long Gamma-Ray Bursts: Prompt
Correlations, Spectral Shapes, and Polarizations”, Astrophys J. 961, Issue 2, id.243, (2024)

4. Bargiacchi, G.; Dainotti, M. G.; Nagataki, S.; Capozziello, S. “Gamma-ray bursts, quasars,
baryonic acoustic oscillations, and supernovae Ia: new statistical insights and cosmological
constraints” Monthly Notices of the Royal Astronomical Society, Volume 521, Issue 3,
pp.3909-3924 (2023)

5. A. Dohi, E. Greco, S. Nagataki, M. Ono, M. Miceli, S. Orlando, B. Olmi, “Investigating Time

Evolution of Thermal Emission from the Putative Neutron Star in SN 1987A for 50+ Years”, The
Astrophysical Journal 949 (2023) 97
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ABBL Membrs in 2023 (includig visiting researchers (Mxim Barkov, Yuki Tkei, Oliver Just,
Haoning He, Jirong Mao, Atsushi Tamii, Noemie Globus, Yohei Kawazura, Masaomi Ono, Sudipta

Hensh))
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https://www.riken.jp/en/research/labs/chief/astro big bang/index.html
http:/magataki-lab.riken.jp/index en.html
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Takatoshi Ko, “The newest unidentified
historical supernova SN 1181 with a peculiar
white dwarf”, Riken Summer School 2023,
Wako, Sep. 2023 (poster award)
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Hajime Sotani and Tomoya Naito, "Empirical
neutron star mass formula based on
experimental observables", Phys. Rev. C 107(3),
035802

M. Williams, et al., “Cross Section of the
83Rb(p,y)84Sr and 84Kr(p,y)85Rb reactions at
energies characteristic of the Astrophysical y
Process”, Phys. Rev. C 107, 035803 (2023).

A. Coleman, et al., "Ultra-High-Energy Cosmic
Rays: The Intersection of the Cosmic and
Energy Frontiers", Astroparticle Physics, 149,
102819 (2023).

R. Higuchi, T. Sako, T. Fujii, K. Kawata, E.
Kido, “Effects of the Galactic Magnetic Field on
the UHECR Correlation Studies with Starburst
Galaxies", The Astrophysical Journal, 949, 2,
id.107 (2023).

Hajime Sotani, "Shear and interface modes in

neutron stars with pasta structures", Phys. Rev.

D 107(12), 123025

G. Zhen, G. L, H. Liu, A. Dohi, N. Nishimura,
C. Zhu, L. Song, W. Wang, and R. Xu, “The
Impacts of Neutron-Star Structure and Base
Heating on Type I X-Ray Bursts and Code
Comparison”, Astrophys. J 950:110 (2023)

Bargiacchi, G.; Dainotti, M. G.; Nagataki, S.;
Capozziello, S. “Gamma-ray bursts, quasars,
baryonic acoustic oscillations, and supernovae
Ia: new statistical insights and cosmological
constraints” Monthly Notices of the Royal
Astronomical Society, Volume 521, Issue 3,
pp.3909-3924 (2023)

A. Dohi, E. Greco, S. Nagataki, M. Ono, M.
Miceli, S. Orlando, B. Olmi, “Investigating
Time Evolution of Thermal Emission from the
Putative Neutron Star in SN 1987A for 50+
Years”, The Astrophysical Journal 949 (2023)
97

Dainotti, M. G.; Bargiacchi, G.; Lenart, A. L.;
Nagataki, S.; Capozziello, S. “Quasars:
Standard Candles up to z = 7.5 with the
Precision of Supernovae Ia” The Astrophysical
Journal, Volume 950, Issue 1, 1d.45, 8 pp.
(2023)

Jacovich, Taylor; Patnaude, Daniel; Slane,
Patrick; Badenes, Carles; Lee, Shiu-Hang;
Nagataki, Shigehiro; Milisavljevic, Dan
“Doppler Broadening and Line-of-sight Effects
in Core-collapse Supernovae and Young
Remnants” The Astrophysical Journal, Volume
951, Issue 1, id.57, 12 pp. (2023)

F. Acero et al. “Sensitivity of the Cherenkov
Telescope Array to spectral signatures of
hadronic PeVatrons with application to
Galactic Supernova Remnants” Astroparticle
Physics, Volume 150, article id. 102850 (2023)

Acharyya, A. et al. “Sensitivity of the
Cherenkov Telescope Array to TeV photon
emission from the Large Magellanic Cloud”
Monthly Notices of the Royal Astronomical
Society, Volume 523, Issue 4, pp.5353-5387
(2023)

R. U. Abbasi, et al. (The Telescope Array
Collaboration), ‘First High-Speed Video
Camera Observations of a Lightning Flash
Associated With a Downward Terrestrial
Gamma-Ray Flash", Geophysical Research
Letters, 50, 14 (2023).

Hajime Sotani, Kostas D. Kokkotas, and
Nikolaos Stergioulas, "Neutron star
mass-radius constraints using the
high-frequency QPOs of GRB 200415A", Astron.
Astrophys. 676, A65

Sato, Toshiki; Yoshida, Takashi; Umeda,
Hideyuki; Hughes, John P.; Maeda, Keiichi;
Nagataki, Shigehiro; Williams, Brian J.
“Examining Neutrino-Matter Interactions in
the Cassiopeia A Supernova” The Astrophysical
Journal, Volume 954, Issue 2, 1d.112, 13 pp.
(2023)

A. Tamii, et al., "PANDORA Project for the



study of photonuclear reactions below A=60",
The European Physical Journal A, 59, 208
(2023).

R. U. Abbasi, et al. (The Telescope Array
Collaboration), “"The energy spectrum of cosmic
rays measured by the Telescope Array using 10
years of fluorescence detector data",
Astroparticle Physics, 151, 102864 (2023).

Hajime Sotani and Toru Kojo, "Universality in
quasinormal modes of neutron stars with
quark-hadron crossover", Phys. Rev. D 108(6),
063004

E. Kido et al." Evaluations of uncertainties in
simulations of propagation of ultrahigh-energy
cosmic-ray nuclei derived from microscopic
nuclear models", Astroparticle Physics, 152,
102866 (2023)

E. Kido for the Telescope Array Collaboration,
“Current status of the TAx4 surface detectors”,
EPJ Web of Conferences, 283 (UHECR2022),
06003 (2023).

Higuchi R et al., “Estimation and reduction of
the biases by the galactic magnetic field on the
UHECR correlation studies”, EPJ Web of
Conferences, Volume 283 (UHECR2022),
id.03011 (2023)

H. Liu, Y. Gao, Z. Li, A. Dohi, W. Wang, G. Lv,
R. Xu, “EOS-dependent millihertz
quasi-periodic oscillation in low-mass X-ray
binary”, Monthly Notices of the Royal
Astronomical Society 525 (2023) 2054

H. Abe et al. “Star tracking for pointing
determination of Imaging Atmospheric
Cherenkov Telescopes. Application to the
Large-Sized Telescope of the Cherenkov
Telescope Array” Astronomy & Astrophysics,
Volume 679, id.A90, 12 pp. (2023)

H. Abe et al. “Observations of the Crab Nebula
and Pulsar with the Large-sized Telescope
Prototype of the Cherenkov Telescope Array”

The Astrophysical Journal, Volume 956, Issue
2,1d.80, 25 pp. (2023)

R. U. Abbasi, et al. “"An extremely energetic
cosmic ray observed by a surface detector
array", (The Telescope Array Collaboration),
Science, 382, 6673, 903 (2023).

S.Tanaka, N. Nishimura, F. Minato, and Y.
Aritomo, “Postfission properties of uranium

isotopes: A hybrid method with Langevin
dynamics and the Hauser-Feshbach statistical
model”, Phys. Rev. C 108, 054607 (2023)

H. Tajima, H. Funaki, Y. Sekino, N. Yasutake,
M. Matsuo, “Exploring *3P_0 superfluid in
dilute spin-polarized neutron matter”, Physical
Review Research 6 (2), 023060 (2023)

Hajime Sotani, "Shear oscillations in neutron
stars and the nuclear symmetry energy",Phys.
Rev. D 109(2), 023030 (2024)

A. Dohi, W. Iwakiri, N. Nishimura, S. Nagataki,
and M. Hashimoto, “Constraints on the
Neutron-Star Structure from the Clocked
X-Ray Burster 1RXS J180408.9-342058”,
Astrophys J. 960, Issue 1, id.14, (2024)

Sapienza, Vincenzo; Miceli, Marco; Bamba,
Aya; Orlando, Salvatore; Lee, Shiu-Hang;
Nagataki, Shigehiro; Ono, Masaomi; Katsuda,
Satoru; Mori, Koji; Sawada, Makoto; Terada,
Yukikatsu; Giuffrida, Roberta; Bocchino,
Fabrizio “Probing Shocked Ejecta in SN 1987A:
A Novel Diagnostic Approach Using
XRISM-Resolve” The Astrophysical Journal
Letters, Volume 961, Issue 1, id.L9, 7 pp. (2024)

H. Ito, J. Matsumoto, S. Nagataki, Donald C.
Warren, Maxim V. Barkov, Daisuke Yonetoku,
“Numerical Simulation of Photospheric
Emission in Long Gamma-Ray Bursts: Prompt
Correlations, Spectral Shapes, and
Polarizations”, Astrophys J. 961, Issue 2, 1d.243,
(2024)

H. Tajima, Y. Sekino, D. Inotani, A. Dohi, S.
Nagataki, T. Hayata, “Non-Hermitian -wave
superfluid and effects of the inelastic
three-body loss in a one-dimensional

spin-polarized Fermi gas”, Physical Review
Research 6 (2), 023060 (2024)

Ono, Masaomi; Nozawa, Takaya; Nagataki,
Shigehiro; Kozyreva, Alexandra; Orlando,
Salvatore; Miceli, Marco; Chen, Ke-Jung “The
Impact of Effective Matter Mixing Based on
Three-dimensional Hydrodynamical Models on
the Molecule Formation in the Ejecta of SN
1987A” The Astrophysical Journal Supplement
Series, Volume 271, Issue 1, 1d.33, 57 pp. (2024)

Dainotti, M. G.; Bargiacchi, G.; Bogdan, M.;
Capozziello, S.; Nagataki, S. “On the statistical
assumption on the distance moduli of
Supernovae Ia and its impact on the
determination of cosmological parameters”



Journal of High Energy Astrophysics, Volume
41, p. 30-41. (2024)

T. Ko, D. Tsuna, B. Hatsukad, T. Shigeyama,
“Radio Emission from SN 1181 Hosting a White
Dwarf Merger Product”, Publications of the
Astronomical Society of Japan in press, (2024)

(D) [EBsak iR (R - AR

Shigehiro Nagataki “Introduction to Stellar
Physics and Supernova Explosions”
SeMPowisko2023, Online Presentation,
Presentation Date: 13th May 2023.

E. Kido, ** Nuclear reactions related to very
high and ultra-high energy cosmic rays”, The
1st IReNA-Ukakuren Joint Workshop
“Advancing Professional Development in
Nuclear Astrophysics and Beyond”, Mitaka,
Japan, Sep. 2023.

E. Kido, ** The latest results of the Telescope
Array experiment”, 52nd International
Symposium on Multiparticle Dynamics (ISMD
2023), Gyongyos, Hungary, Aug. 2023

E. Kido, “"Recent results from the Telescope
Array experiment”, 58th Rencontres de
Moriond 2024, La Thuile, Italy, Mar. 2024

Nobuya Nishimura “Theoretical studies of
r-process: Heavy-element nucleosynthesis in
stellar explosions” , Annual Meeting of
JSPS/NRF/NSFC A3 Foresight Program

“Nuclear Physics in the 21st Century” , Xi’ an
(China), 30 Nov.—4 Dec. 2023

Nobuya Nishimura “The impacts of
nuclear-physics uncertainties on
heavy-element nucleosynthesis”, N3AS-RIKEN
1ITHEMS Workshop “Multi-Messenger
Astrophysics”, Hawaii Island (USA), 26 Nov.
2023.

Nobuya Nishimura “Nucleosynthesis beyond
iron in supernovae and neutron-star mergers”,
“Oahu Nuclear physics Collaborative Meeting”,
Waikiki (USA), 13-16 Oct. 2023.

Nobuya Nishimura, “Nuclear-physics
uncertainties of heavy-element nucleosynthesis
in stellar explosions”  73rd OMEG-SSANP
Workshop, 15 Mar. 2024, Soongsil University
(Korea)

Akira Dohi, Emanuele Greco, Shigehiro
Nagataki, Masaomi Ono, Marco Miceli,

Salvatore Orlando, Barbara Olmi, “On the
Thermal Emission Scenario to Find NS 1987A
by Lynx”, Joint RIKEN/N3AS Workshop on
Multi-Messenger Astrophysics, Hilton
Waikoloa Village, Waikoloa, HI, Big Hawaiian
Island in America, Nov. 26, 2023
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Shigehiro Nagataki “Enjoy Astrophysics Just
for 1 Hour!” Third Mini-Workshop on the Early
Universe, Ishigaki, Japan, Presentation Date:
9th Feb. 2023.

Shigehiro Nagataki “Supernovae as Origins of
Cosmic Rays and Life” OIST x iTHEMS
workshop series - Will We Find Answers?
Exploring the Mysteries of the Universe and
Life - Series 1 Cosmic ray and Life project,
OIST, Japan, Presentation Date: 4th Mar.
2024.
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Akira Mizuta, “"Numerical study of growth of
Kelvin-Helmholtz instability in collisionless
shock experiments”, International Workshop



on New Developments in Laboratory
Astrophysics, 2024.1 (Kyusyu Univ., Fukuoka)

E. Kido for the Telescope Array Collaboration,
“Updates of the surface detector array of the
TAx4 experiment”, 38th International Cosmic
Ray Conference (ICRC2023), Nagoya, Japan,
2023

Hajime Sotani, "SN GWs and
asteroseismology", LIGO-Virgo-KAGRA
collaboration meeting, Toyama International

Conference Center, Toyama, Japan, Sep. 11-15,
2023

Hajime Sotani, "Neutron star mass and radius
constraints using the high-frequency QPOs of
GRB 200415A", 4th Quarks and Compact Stars
workshop (QCS2023), Yangzhou University,
Yangzhou, China, Sep. 23-26, 2023.

Hajime Sotani, "Asteroseismology of Neutron
Stars", Joint RIKEN/N3AS Workshop on
Multi-Messenger Astrophysics, Hilton
Waikoloa Village, Waikoloa, HI, USA, Nov. 26.

Hajime Sotani, "Constraint on the mass and
radius of GRB 200415A using the
high-frequency QPOs", Hawaii 2023, Hilton
Waikoloa Village, Waikoloa, HI, USA, Nov. 26 -
Dec. 1. 2023.

Nobuya Nishimura “Optical properties of
magneto-rotational jet-driven supernovae
associated with r-process nucleosynthesis”,
17th International Symposium on Nuclei in the

Cosmos (NIC XVII), Daejeon (Korea), 17-22 Sep.

2023.

Nobuya Nishimura “Impacts of
Nuclear-reaction uncertainty on heavy-element
nucleosynthesis”, T3 Workshop, Ohio (USA),
14-17 Aug. 2023.

Nobuya Nishimura “Observational signature
of magneto-rotational supernovae associated
with r-process nucleosynthesis”, CeNAM
Frontiers Meeting, Michigan (USA), 24 May
2023.

Nobuya Nishimura "The impacts of
nuclear-physics uncertainties on explosive
nucleosynthesis in core-collapse supernovae”,
ASRC International Workshop "Nuclear
Astrophysics with Stable Beams”, 20-22 Feb.
2024, Tokai

Yuta Sekino, Hiroyuki Tajima, Shun

Uchino,“Spin conductivity spectrum in
ultracold atomic gases”, 54th Annual Meeting
of the APS Division of Atomic, Molecular and
Optical Physics, Spokane Convention Center in
Spokane, Washington USA, June 5-9, 2023

Akira Dohi, “EOS Dependence of Type-1 X-ray
Bursts”, ASRC International Workshop "
Nuclear Astrophysics with Stable Beams
(NAPS)”, Tokai Village Museum, Tokai,
Ibaraki, Japan, 20-22. Feb. 2024

Akira Dohi, Wataru Iwakiri, Nobuya
Nishimura, Tsuneo Noda, Shigehiro Nagataki,
Masa-aki Hashimoto, “Constraints on Neutron
Star Structure from Clocked Burster 1RXS
J180408.9-342058”, The 1st IReNA-Ukakuren
Joint Workshop “Advancing Professional
Development in Nuclear Astrophysics and
Beyond”, National Observatory of Japan
(NAOJ), Japan, Aug. 28 — Sep. 1, 2023

Akira Dohi, Wataru, Iwakiri, Nobuya
Nishimura, Tsuneo Noda, Helei Liu, Shigehiro
Nagataki, and Masa-aki Hashimoto, “Impact of
Neutron-Star Structure on Type-1 X-ray
Bursts”, Frontiers in Nuclear Astrophysics
2023, Facility for Rare Isotope Beams (FRIB) in
Michigan State University, Lansing, America,
May 21-26, 2023

T. Ko et al. “The newest unidentified historical
supernova SN 1181 with a peculiar white
dwarf’, East Asian Young Astronomers
Meeting 2024 (EAYAM2024), Chiang Mai, Jan.
2024

T. Ko, H. Suzuki, K. Kashiyama, T. Tanaka, W.
Tsuna, K. Fujisawa, A. Bamba, T. Shigeyama,
“A dynamical model for IRAS 00500+6713: the
remnant of a type lax supernova SN1181
hosting a double degenerate merger product
WD J005311”, 2023 Asia-Pacific Regional IAU
Meeting (APRIM 2023), Koriyama, Aug. 2023

Takatoshi Ko, "Introduction of SNR 1181 and a
massive white dwarf in its center", One Day
Meeting with Prof. Roger Blandford, Wako, Jul.
2023
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FHEE  “Summary of ABBL’ s Research on
SNe-SNRs” One-Day Meeting with Prof. Roger
Blandford, RIKEN, Presentation Date: 24th
July 2023.
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Hajime Sotani, "Gravitational waves induced
by the crust elasticity", LIGO-Virgo-KAGRA
collaboration meeting, Toyama International
Conference Center, Toyama, Japan, Sep. 11-15,
2023.

Hajime Sotani, "Supernova gravitational waves
and asteroseismology", 17th International
Symposium on Nuclei in the Cosmos (NIC
XVII), IBS Science Culture Center, Daejeon,
Korea, Sep. 17-22, 2023.

Higuchi R, et al., “Influence of Galactic
magnetic fields on UHECR energy spectrum
and mass composition on the Earth” , ICRC

2023, 4 HEKE:, 7H(2023)

Takatoshi Ko et al., "The newest unidentified
historical supernova SN 1181 with a peculiar
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