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Heavy Nuclei / 59

Exploring theneutron-rich actinide region via ion-trap techniques
for nuclear astrophysics applications
Author: Yuta Ito1

1 JAEA

Corresponding Author: yito.wrk@gmail.com

The neutron-rich actinide region is of interest as it is thought to be
related to the endpoint of the nucleosynthesis via the rapid
neutron-capture process (r-process), where the actinide elements such as
uranium are formed by beta-decays and middle-mass nuclei are served by
nuclear fissions. To explore this region and measure fundamental nuclei
properties related to the nucleosynthesis including nuclear mass,
half-life, decay scheme, and fission patterns, we are employing ion-trap
techniques to develop experimental apparatus. This presentation will
outline our recent achievements and developments and future prospects.

Heavy Nuclei / 27

Exploring Shell Structure at N=32, 34: Mass Measurements of Sc,
Ti, and V Isotopes
Author: Shun Iimura1

1 Rikkyo University

Corresponding Author: shun.iimura@rikkyo.ac.jp

In this contribution, we report on mass measurements of 55Sc, 55−58Ti, and 55−59V isotopes obtained
during the first commissioning campaign of the ZD-MRTOF system at the RIBF/RIKEN. We discuss
the implications of these masses in the shell structure at N = 32, 34 in the context of deformation
toward N = 40. The newly installed experimental system, located downstream of the ZeroDegree
(ZD) spectrometer at the BigRIPS facility (RIBF/RIKEN), comprises a radiofrequency (RF) carpet-type
He gas cell combined with a multi-reflection time-of-flight mass spectrograph (MRTOF). In the first
low-energy experiment at BigRIPS, high-energy products were captured and decelerated in helium
gas, and subsequently extracted through an aperture via an RF microstructure into a Paul trap ion
guide structure. The cooled and thermalized ions were injected into the MRTOF system as a high-
quality beam for high-precision mass measurements. We describe the details of the new cryogenic
gas cell and the mass analysis methods employed in this experiment. Additionally, we present our
future plans for mass measurements, particularly in the N = 126 region, which is close to waiting
point nuclei relevant to the third peak of the r-process.

Heavy Nuclei / 42

Quantified Nuclear Mass Model for r-process simulations using
Bayesian Machine Learning Techniques

Author: Rahul JainNone

Corresponding Author: jain@frib.msu.edu
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Heavy Nuclei / 24

Bayesian approach to fission products yields of 235U by data aug-
mentation
Author: Jingde Chen1

Co-authors: Yuta Mukobara 1; Chikako Ishizuka 1; Tatsuya Katabuchi 1; Satoshi Chiba 1

1 Tokyo Institute of Technology

Corresponding Author: chen.j.ao@m.titech.ac.jp

Fission yield is an important physical quantity for nuclear systems and the origin of heavy elements.
In recent years, the energy dependence of fission yield has attracted particular attention. In this
presentation, we present our first results for fission products yields (FPY) predicted by Bayesian
neural network (BNN) model.

In the BNN model, we divided the FPY data in the JENDL-5.0 library into 80% for training data and
20% for validation. To enhance the accuracy of predictions of FPY data by BNN model, we discussed
data augmentation by integrating 80% of JENDL-5 FPY data, cumulative fission yields (CFY) data
from experiments, and theoretical calculation results as a whole set of training data. Finally, we
show the Bayesian estimation of 235U(n,f) FPY data in the induced-energy range (0.5 MeV ~ 14 MeV)
with data augmentation. The prediction results from BNN model with data augmentation reproduce
the fine structure of the heavy fission product peaks.

Light Nuclei / 41

Study of the contribution of the 7Be(d, p) reaction to the 7Li prob-
lem in the Big-Bang Nucleosynthesis

Author: Azusa InoueNone

Corresponding Author: azusa@rcnp.osaka-u.ac.jp

Our research goal is to measure the cross-section of the 7Be(d, p) reaction in search of a solution/key
to the cosmological 7Li problem (CLP). The CLP is the overestimation of primordial 7Li abundance
in the standard Big Bang nucleosynthesis (BBN) model compared to observed abundances, a major
unresolved problem in modern astrophysics. A recent theoretical BBN model emphasized that the
primordial 7Li abundance is about three times larger than the recent precise observation [1], [2]. 7Li
nuclei were produced predominantly by the electron capture decay of 7Be after the termination of
nucleosynthesis in the standard BBN model. We focus on the 7Be(d, p) reaction since it is considered
one of the contributors to 7Be destruction in the BBN [3]. Our experiment means that we reproduce
the nuclear reactions that occurred in BBN are reproduced in the modern world. We developed a
method to produce 7Be (half-life = 53.22 days) target to measure the reaction cross-section in normal
kinematics. The experiment was performed at the Tandem Electrostatic Accelerator Kobe University
[4]. A 2.36 MeV proton beam irradiated a natural-Li target to transmute 7Li particles to 7Be particles
via the 7Li(p, n)7Be reaction [5]. We produced 3.03×10^13 7Be particles in the target after two days
of proton irradiation. After the target production, the beam ion was changed to deuterons, and the
7Be(d, p) reaction was measured at energies 0.6, 0.86, 1.0, and 1.6 MeV. Layered silicon telescopes
measured the outgoing protons at 30 and 45 degrees. In this talk, we will talk about the experimental
setup and preliminary results of this study, including the 7Be(d, p) cross-section and its impact on
the solution of the CLP.

[1] R. H. Cyburt et al., J. Cosmol. Astropart. Phys. 11, 012 (2008).
[2] Brian D. Fields et al., J. Cosmol. Astropart. Phys. 03(2020)010.
[3] S. Q. Hou et al., Phys. Rev. C 91, 055802 (2015).
[4] ”Kobe University Tandem Electrostatic Accelerator”https://www.maritime.kobe-u.ac.jp/en/study/tandem_e.html
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(Accessed 4th August 2022)
[5] K. K. Sekharan et al., Nucl. Instr. Meth. 133, 253-257 (1976).

Light Nuclei / 9

Feasibility study for measuring the gamma-decay probability of
the 3-1 state in 12C with deuteron inelastic scattering

Author: Yuya HondaNone

Corresponding Author: yuya@ne.phys.sci.osaka-u.ac.jp

The triple alpha (3α) reaction, which produces 12C from 4He, is one of the most important reactions
in nucleosynthesis in the universe. In this reaction, resonance states of three α particles are gener-
ated as excited states of 12C. In most cases, these states decay back into three α particles, but a tiny
fraction of them undergo radiative decay, leading them to the ground state of 12C. Thus, the branch-
ing ratio of α-decay and radiative decay in the 3α resonance states is a crucial physical quantity
that determines the 12C production rate. At normal stellar temperatures lower than 108 K, the 3α
reaction mainly proceeds via the 0+2 state (Hoyle state), and its radiative-decay probability has been
already measured. However, at high temperatures above 109 K, high-lying excited states e.g., 3−1
and 2+2 states play an important role. Despite their importance, the radiative-decay probabilities of
these high-lying states still remain unmeasured due to the extremely small expected values ranging
from 10−8 to 10−6. Although we previously measured the radiative-decay probability of the 3−1
state in 12C by means of proton inelastic scattering with a solid hydrogen target [1], we could not
achieve sufficient precision due to significant systematic uncertainty due to background events.
Therefore, we conceived an idea to employ a deuterium target instead of the hydrogen target. Gen-
erally, deuterons possess higher separation energies from nuclei than protons. That should be an
advantage to kinematically distinguish background events from true events. In this study, we aim to
precisely determine the radiative-decay probability of the 3−1 state in 12C through simultaneous mea-
surement of the scattered 12C and the recoil deuteron, which are emitted from the inelastic deuteron
scattering under inverse kinematics conditions. We have already conducted simulation studies to
search for optimum experimental conditions. We considered utilizing TiD2 (deuterated titanium) or
solid deuterium as a deuteron target. TiD2 is much easier to handle than the solid deuterium because
it is stable at room temperature and resistant to heating from the beam. However, it was not unclear
whether the TiD2 target was useful for the proposed measurement because its signal-to-noise ratio
in the inelastic deuteron scattering was unknown. Therefore, we measured the background rate due
to Ti in the TiD2 target as well as the reaction cross section to excite the 3−1 state using a 218-MeV
12C beam at CYRIC, Tohoku University. In this talk, we will report the result of the test experiment
at CYRIC and our present status.
[1] M. Tsumura et al., Phys. Lett. B 817,136283 (2021).

Heavy Nuclei / 56

Impact of the isospin symmetry breaking on the nuclear equa-
tion of state
Author: Tomoya Naito1

1 RIKEN iTHEMS

Corresponding Author: tnaito@ribf.riken.jp

TBA
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Heavy Nuclei / 17

Prompt decay calculation using primary fission yield and TKE
obtained from 4-D Langevin model
Author: Kazuki Fujio1

Co-authors: Chikako Ishizuka 1; Shin Okumura 2; Satoshi Chiba 1; Tatsuya Katabuchi 1

1 Tokyo Institute of Technology
2 IAEA

Corresponding Author: fujio.k.aa@m.titech.ac.jp

For the fission reaction, the Langevin model simulates the fission process from nuclear deformation
after forming a compound nucleus up to scission. We have developed 4-dimensional Langevin model
and succeeded in describing the fission fragment yield and total kinetic energy (TKE) as a function of
fragment mass number over a wide mass range from actinide to superheavy nuclei. We performed
Hauser-Feshbach statistical decay calculation for evaluating fission observables using the fission
fragment yield and TKE obtained from our 4-dimensional Langevin model.

Multi-Messenger Astronomy and Astrophysics / 57

Signatures of r-process elements in optical-infrared spectra of
neutron star mergers
Author: Nanae Domoto1

1 Tohoku University

Corresponding Author: n.domoto@astr.tohoku.ac.jp

Binary neutron star (NS) merger is a promising site for the rapid neutron capture nucleosynthesis
(r-process). The radioactive decay of newly synthesized elements powers electromagnetic radiation,
as called kilonova. The detection of gravitational wave from a NS merger GW170817 and the ob-
servation of the associated kilonova AT2017gfo have provided with us the evidence that r-process
happens in the NS merger. However, the abundance pattern synthesized in this event is not yet clear.
In this talk, I will focus on the spectra of kilonova to extract information of elements synthesized
in neutron star mergers. Based on our recent findings, I will discuss elemental features in kilonova
spectra, and identification of elements in AT2017gfo.

Multi-Messenger Astronomy and Astrophysics / 8

Light curve of electron capture and Fe core collapse supernova:
The diagnostic method of electron capture supernova
Author: Masato Sato1

Co-authors: Nozomu Tominaga 2; Takashi Moriya 2; Daichi Hiramatsu 3

1 The Graduate University for Advanced Studies, SOKENDAI
2 National Astronomical Observatory of Japan
3 Center for Astrophysics | Harvard & Smithsonian
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Corresponding Author: masato.sato@grad.nao.ac.jp

Stars of 8-10 M are theoretically considered to become Super Asymptotic Giant Branch (SAGB),
and explode as electron capture supernovae (ECSNe). However, there are no observation which is
clearly identified as an ECSN. Although SN1054 (Crab Nebula) is considered to be an ECSN, we could
hardly know its explosion as detail as modern observation. SN2018zd is a controversial object. Al-
though it is recently proposed as an ECSN from its observational features (Hiramatsu et al. 2021), it
is also proposed as an FeCCSN (Callis et al. 2021) at the same time. The reasons why we could hardly
identify ECSN clearly are that observational characteristics of ECSNe comparing to Fe core collapse
supernovae (FeCCSNe) of Red Super Giant (RSG) are not understood sufficiently, and the diagnostic
method of ECSNe is not established yet. Although Kozyreva et al. (2021) shows that ECSN has blue
plateau, they don’t include circumstellar material (CSM) interaction. However, CSM interaction is
quite important to understand the light curve because it might change the light curve significantly
(Moriya et al. 2018), and SAGB is expected to experience large mass loss (Poelarends et al. 2008).
Understanding the observational characteristics of ECSN including CSM interaction and observing
it are highly demanded because it would be a clue to understand not only the stellar evolution of 8-10
M stars but also its nucleosynthesis, explosion mechanism, mass loss, and contribution to galactic
chemical evolution.
We synthesized the multicolor light curves of ECSNe and low-mass FeCCSNe including CSM inter-
action not only based on the physically motivated properties (e.g. explosion energy estimated by
first principles simulation) but also based on the wide range of parameters. The calculation is con-
ducted using the multi-group radiation hydrodynamics code, STELLA (Blinnikov et al. 2000). The
progenitor models of SAGB and RSG are obtained from Tominaga et al. (2013) and Sukhbold et al.
(2016) respectively.
As a result, it is shown that ECSN has bluer plateau in multicolor light curve even if it has reasonably
dense CSM although the bolometric light curve could be degenerate with FeCCSN for some parame-
ter sets. The bluer color of ECSN is explained by tenuous and extended envelope structure of SAGB.
Using this characteristic, we propose a new diagnostic method of ECSN in which the transition time
from plateau to tail phase (tPT) and the color index B-V at tPT/2 are used. Moreover, we applied the
method to SN2018zd, which arises discussion whether it is an ECSN or an FeCCSN (Hiramatsu et al.
2021; Callis et al. 2021) and found that it is likely to be an ECSN.
In the talk, we will show the calculated light curves of ECSN and low-mass FeCCSN and discuss
their characteristics. In addition, we will propose a new diagnostic method of ECSN. Also, we will
mention our future work in which we will try to find an ECSN and reveal its nature.

Multi-Messenger Astronomy and Astrophysics / 26

Supernova neutrino signals as indicators of neutrino mass order-
ing

Author: Maria Manuela SaezNone

Corresponding Author: maria.saez@riken.jp

Supernovae events are one the most powerful cosmic sources of neutrinos with energies of several
MeV. The emission of neutrinos and antineutrinos of all flavors carries away the gravitational bind-
ing energy of the compact remnant and drives its evolution from the hot initial to the cold final state.
I will briefly describe how to detect these neutrinos from Earth, and how to use these data to address
the neutrino mass ordering problem. The main goal of this work is to develop a model-independent
analysis strategy by comparing different detection channels at large underground detectors that al-
low looking for indicators of mass ordering in the neutrino sector.
In addition, we performed a statistical study on the expected signals for both mass ordering to de-
termine if the expected signals can be distinguished.

Career Development Session / 49

On the oldest stars in the Milky Way (Online talk)
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Author: Anna FrebelNone

Nuclear Matter / 5

Kaons innuclei: theoretical calculations of the anti-kaon-nucleus
interaction and the implications
Author: Junko Yamagata-Sekihara1

1 Kyoto Sangyo University

Corresponding Author: yamagata@cc.kyoto-su.ac.jp

The interaction between the anti-kaon (K̄) and the nucleus is one of the hot topics in recent hadron
physics. Since the K̄N interaction is attractive enough to produce a bound state as the Λ(1405)
baryon, the K̄-nucleus interaction is expected to be attractive as well, providing an important clue
to understanding the behavior of strange quarks in dense matter such as neutron stars. Recently,
we have been able to access information about the K̄-nucleus interaction via the hadronic reactions
using anti-kaon beams, for example at J-PARC. In particular, precise data are available for the kaonic
atoms, the Coulomb-assisted K−-nucleus bound states, and the kaonic nuclei, the Kbar-nucleus
bound states with the strong interactions. In the present talk I would like to present our theoretical
work on the evaluation of the K̄-nucleus potentials which reproduce the experimental data on the
kaonic atoms and kaonic nuclei.

Nuclear Matter / 23

Self-Consistent SuperfluidBandCalculations forNeutron Star In-
ner Crust
Author: Yoshimura Kenta1

Co-author: Sekizawa Kazuyuki 1

1 Tokyo Institute of Technology

Corresponding Author: yoshimura.k.ak@m.titech.ac.jp

Neutron star is a remnant of supernova, and viewed as the resource of plenty of physical properties,
associated with subnuclear, nuclear and quark matter.

At the bottom layer of subnuclear area( so-called “crust”), neutrons are dripped from excessively
neutron-rich nuclei, and moreover nuclei form various non-uniform crystalline structures which
are totally called “pasta” phases.
It becomes clear that properties of pasta nuclei are intimately related with dripped neutrons and their
conduction. In particular “entrainment” effect may interrupt the interpretation of pulsar’s “glitch”
phenomenon and bring about a big controversy, that’s why a naively microscopic calculation is
strongly desired.

Under such a situation, we formalized the time-dependent Hartree-Fock-Bogoliubov (TDHFB) calcu-
lations combined with Band theory, and performed them for 1 dimensional crystalline (slab) phases,
imposing Beta equilibrium condition. At the same time, we extended those calculations into finite-
temperature and magnetic field systems, investigating the diverse properties of subnuclear mat-
ter.

Nuclear Matter / 58
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Dark matter effect on the neutron star equation of state
Author: Jubin Park1

1 Soongsil University and OMEG institute

Corresponding Author: honolov@ssu.ac.kr

This talk explores the effect of dark matter, captured by the strong gravity and high density of neu-
tron stars, on the equation of state (EoS) of neutron stars.
We establish a theoretical framework incorporating dark matter interactions and demonstrate po-
tential modifications in the neutron star EoS.
These theoretical modifications allow us to explore potential constraints on the properties of dark
matter by comparing them to observational data.
In particular, we would like to discuss whether they can provide unique insights into the character-
istics of the dark sector.
The presentation concludes with a discussion on future prospects.

Accreting Neutron Stars / 63

Constraints onNeutron Star Structure fromClockedBurster 1RXS
J180408.9-342058
Authors: Akira Dohi1; Wataru Iwakiri2; Nobuya Nishimura1; Tsuneo Noda3; Shigehiro Nagataki4; Masa-aki Hashimoto5

1 RIKEN
2 Chiba University
3 Kurume I. T.
4 RIKEN, Japan
5 Kyushu University

Corresponding Author: akira.dohi@riken.jp

Type-I X-ray bursts are rapidly brightening phenomena triggered by the nuclear burning of light
elements near the surface of accreting neutron stars. Observed light curves are sensitive to many
model parameters. We focus on the uncertainties of the nuclear equation of states, which determines
the mass and radius of neutron stars. Regarding the observations, we focus on one of the regular
bursters, 1RXS J180408.9-342058, where two series of X-ray bursts have been detected by NuStar.
Based on our numerical models covering whole areas of neutron stars, we will discuss the possibility
of constraining the equation of states and the mass from the observed recurrence time and persistent
flux.

Accreting Neutron Stars / 10

Do Accreting Neutron Stars All Have Identical Crusts?
Author: Justin Grace1

Co-author: Ed Brown 1

1 Michigan State University

Corresponding Author: graceju1@msu.edu
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Accretion onto a neutron star induces nuclear reactions which heat the crust. By fitting crust models
to the observed thermal evolution of the neutron star after accretion halts and the neutron star enters
quiescence, we obtain constraints on the composition and heating of the neutron star crust, notably
the crust impurity concentration and the amount of heat deposited per accreted nucleon. Heat
deposition in the shallowest layers of the crust is required to fit the early-time cooling as well as to
explain the observed recurrence time of superbursts, but the physical mechanism that causes this
heating is unknown. It is also unknown whether this shallow heating is constant among different
accretion outbursts and different neutron stars and whether different neutron stars have the same
crust composition.

We model the thermal evolution of seven neutron stars in which crustal cooling has been observed
using the crust cooling code dStar. We estimate the model parameters by performing Markov Chain
Monte Carlo fits to the observational data. To test whether model parameters are constant across
different outbursts and neutron stars, we perform our analysis first for each neutron star indepen-
dently, then perform joint fits in which the heat deposition or crust impurity are shared among all
neutron stars. We find that models in which the shallow heating is shared across neutron stars fit the
data significantly more poorly than those in which it is not shared. This suggests that the shallow
heating is indeed different for different neutron stars.

Career Development Session / 48

Academia: Thinking outside the tenure-track box
Author: Ana Becerril-Reyes1

1 FRIB, Michigan State University

Corresponding Author: becerril@frib.msu.edu

There is more to life in academia than the traditional tenure-track career path. Plenty of exciting
-and often overlooked- opportunities exist for science PhDs to contribute their expertise and passion
within the academic world. In this session I will briefly describe my own career path and those
of other scientists with non-traditional academic careers, while emphasizing the importance of in-
terdisciplinary collaboration, effective communication, leadership, and innovation. We will discuss
strategies to help participants explore how they can forge a rewarding and impactful academic ca-
reer that aligns with their interests, strengths, and aspirations. Participants will also learn about net-
working opportunities, and professional development resources available to them within the IReNA
network.

Career Development Session / 47

Navigating the intertwined paths of a nuclear physics career

Author: Alfredo EstradeNone

Nuclear physics is a fascinating discipline with clearly defined objectives: understanding the proper-
ties and behavior of atomic nuclei and their connection to the fundamental laws of physics and the
nuclear processes that affect the evolution of the cosmos, and finding way to apply this knowledge to
the benefit of society. As in other fields of science, the work required to achieve these goals requires
a surprising breadth of tasks and skills, often distributed among members of research teams with
specialized roles. Thus, the nuclear physics workforce includes a group of scientists with a diverse
set of interests and expertise. There are many alternatives for those interested in a research career in
nuclear physics, but navigating the various available career paths can be a daunting prospect since
the formal coursework of a physics degree often does not cover aspects of the day-to-day life of a
working physicist. In this presentation we will discuss strategies and alternatives to forge research
career paths in nuclear physics and related fields of science.
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Chemical Evolution and SNR / 39

Chemical Evolution of Galaxies in the Local Group
Author: Yutaka Hirai1

1 University of Notre Dame/Tohoku University

Corresponding Author: yhirai2@nd.edu

Chemical Evolution and SNR / 13

Molecule formation in core-collapse supernova ejecta: the im-
pact of effectivemattermixing based on 3Dhydrodynamicalmod-
els of SN 1987A
Authors: Masaomi Ono1; Takaya Nozawa2; Shigehiro Nagataki3; Alexandra Kozyreva4; Salvatore Orlando5; Marco
Miceli6; Ke-Jung Chen1

1 Institute of Astronomy and Astrophysics, Academia Sinica (ASIAA), Taiwan
2 National Astronomical Observatory of Japan (NAOJ), Japan
3 RIKEN, Japan
4 Heidelberger Institut für Theoretische Studien, Germany
5 INAF-Osservatorio Astronomico di Palermo, Italy
6 Università degli Studi di Palermo, Italy

Corresponding Author: masaomi.ono@asiaa.sinica.edu.tw

It is considered that molecules and dust are formed in the ejecta of core-collapse supernovae (CC-
SNe); how molecules are formed in CCSN ejecta, however, has not been elucidated yet. SN 1987A
found at Large Magellanic Cloud entered a phase of a young supernova remnant more than 30 years
after the discovery. Recent ALMA observations (Abellán et al. 2017) have, actually, revealed 3D dis-
tributions of carbon monoxide (CO) and silicon monoxide (SiO), which are rather non-spherical and
lumpy. The distribution of seed atoms in CCSN ejecta, which is affected by matter mixing before the
molecule formation, may play a role in the formation of molecules. Hence, to investigate the impact
of matter mixing on the formation of molecules in the CCSN ejecta, time-dependent rate equations
for chemical reactions are solved (arXiv:2305.02550) for one-zone and one-dimensional ejecta mod-
els of SN 1987A based on three-dimensional hydrodynamical models (Ono et al. 2020). It is found
that the mixing of 56Ni could play a non-negligible role in both the formation and destruction of
molecules, in particular CO and SiO, through several reaction sequences. Some of the results and
how 56Ni, practically 56Co, affects the formation and destruction of molecules are presented.

Multi-Messenger Astronomy and Astrophysics / 40

Heavy ElementNucleosynthesis in theMulti-Messenger Era
Author: Erika Holmbeck1

1 Observatories of the Carnegie Institution for Science

Corresponding Author: eholmbeck@carnegiescience.edu

Neutron star mergers (NSMs) have been confirmed as one of the production sites of the heaviest ele-
ments. Studying post-NSM signals in the electromagnetic spectrum is invaluable for understanding
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the production of these elements, especially with the LIGO Scientific Collaboration having begun
its next observing run. However, with the current low detection rates of post-merger light curves,
we invoke a different kind of resource for observational data: metal-poor stars. Long after merger,
metal-poor stars can host in their spectra signatures of the historical events that produced the heavy
elements, which can in turn be used as additional sources to study ancient NSM sites. This talk will
discuss the overlap between observations of metal-poor stars and NSM signals and how their joint
study can help constrain the cosmic evolution of the elements and the fundamental nature of dense
matter.

Multi-Messenger Astronomy and Astrophysics / 15

Long term simulation of supernovae formulti-messenger astron-
omy
Author: Masamitsu Mori1

1 National Astronomical Observatory of Japan

Corresponding Author: masamitsu.mori@nao.ac.jp

A star more than eight times the mass of the sun undergoes a massive explosion called a supernova
at the end of its life. Supernova explosions, including the emission of neutrinos, gravitational waves,
and beyond SM particles, are ideal targets for multi-messenger astronomy. One issue in the study
of supernova explosions is that research has mainly focused on the first second of the explosion.
Based on observations of SN 1987A, it is known that neutrinos with durations of over 10 seconds
are detected when a supernova explosion occurs in the Milky Way. Therefore, it is not possible
to compare theory and observation in the next case of a supernova explosion within our galaxy.
In the presentation, the calculation of supernova explosions for future galactic events in the con-
text of multi-messenger astronomy is reported, including the calculation of neutrinos from multiple
progenitors and the estimation of gravitational wave frequencies based on neutron star asteroseis-
mology.

Light Nuclei / 55

Studying the nucleosynthesis in explosive stellar environments

Author: Heshani Jayatissa1

1 Los Alamos National Laboratory

Corresponding Author: hesh@lanl.gov

Understanding the nucleosynthesis processes in various astrophysical scenarios such as x-ray bursts
and supernovae involve the study of numerous capture reactions. A Type-I x-ray burst (XRB) is an
explosion in a binary system of an accreting neutron star and a companion star. The dominant
(p, γ) nucleosynthesis flow in XRBs is halted at several waiting point nuclei such as 22Mg, 24−26Si,
28−30S and 34Ar due to (p, γ)-(γ, p) equilibrium. It has been suggested that the flow can be bypassed
by alpha-capture reactions on these waiting point nuclei (αp-process). However, the present un-
certainties in the relevant alpha-capture reaction rates at these waiting points hinder the ability to
accurately predict the light curve and ash composition of XRBs. Core-collapse supernovae (CCSNe)
occur when massive stars exhaust their core fuel, resulting in the gravitational collapse of the iron
core leading to an outward shock wave that results in one of the strongest explosions in the universe,
ejecting a variety of chemical elements into the interstellar medium. Properties of CCSNe can be
obtained by studying the signatures from prominent remnants such as 44Ti and 56Ni, of which the
observed abundances are affected by proton, alpha and neutron captures.
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A large number of nuclear reactions affect the nucleosynthesis in these two environments, and pre-
cise knowledge of these nuclear reaction rates are needed to constrain astrophysical models to better
understand the underlying explosion mechanisms. Constraining many of these reaction rates using
direct techniques is experimentally difficult due to low reaction cross sections and the need for
sufficiently intense radioactive beams. Sensitivity studies that have been performed for these two
astrophysical scenarios, as well as several experimental techniques currently utilized to constrain a
few of these reaction rates affecting the nucleosynthesis in XRB and CCSNe environments will be
presented.

Light Nuclei / 25

Cross section evaluation of the dependence of themeanfieldmodel
on antisymmetrized molecular dynamics
Authors: Yuta Mukobara1; Toshiya Sanami2; Tsunenori Inakura1; Satoshi Chiba1; Tatsuya Katabuchi1; Chikako
Ishizuka1

1 Tokyo Institute of Technology
2 KEK

Corresponding Author: mukobara.y.aa@m.titech.ac.jp

12C-induced reactions at MeV order energy are of great importance not only in astronomical con-
texts but also in applications such as cancer treatment, thanks to recent advances in accelerator
technology. However, there is no established standard calculation method for reactions involving
heavy ions with higher mass numbers than alpha particles. Various computational codes employ a
wide range of models.
Antisymmetrized molecular dynamics (AMD) is a valuable model for this study because it not only
allows for fragment formation but also incorporates mean-field effects and the effects of NN col-
lisions. In particular, AMD can effectively reproduce fragment production in collisions of stable
nuclei.
In this research, we use the 12C+27Al and 12C+16O reactions as examples to assess the differences
in particle production predictions among different mean-field models by comparing them with ex-
perimental data through reaction cross-sections.

Light Nuclei / 32

Unraveling the role of carbon-alpha reaction rate for radioactive
nickel synthesis in pair-instability supernovae
Author: Hiroki Kawashimo1

Co-authors: Ryo Sawada 2; Yudai Suwa 2; Takashi Moriya 3; Ataru Tanikawa 2; Nozomu Tominaga 3

1 The University of Tokyo, Komaba
2 The University of Tokyo
3 National Astronomical Observatory of Japan

Corresponding Author: h-kawashimo@g.ecc.u-tokyo.ac.jp

Pair-instability supernovae (PISNe) are phenomena that are the final fates of very massive stars
with an initial mass ranging from 140 to 260 M⊙. Unlike other supernovae, PISNe do not leave
behind compact objects. Stellar evolution theory predicts that there is a gap in the distribution
of black hole masses due to PISNe. Recent works suggested that the location of this gap may be
influenced by the uncertainty in the 12C(α, γ)16O reaction rate. In our study, we investigate how
the 12C(α, γ)16O reaction rate affects PISNe profiles, particularly in terms of nucleosynthesis and

Page 11



The 1st IReNA-Ukakuren Joint Workshop “Advancing Professional Dev … / Book of Abstracts

explosion energy. We find a correlation between the 12C(α, γ)16O reaction rate and the amount of
radioactive 56Ni, which determines the peak luminosity of supernovae. This correlation is attributed
to the intensity of burning during the carbon burning phase, which changes the structure of the star.
In this presentation, I will provide a detailed report of our findings.

Poster Session / 29

Feasibility studies to detect r-process nuclear emissions from the
binary-neutron-star merger remnants with the HEX-P satellite

Author: Motogami Yugo1

Co-authors: Ohsumi Hayato 1; Terada Yukikatsu 2; Katsuda Satoru 1; Fujimoto Shin-ichiro 3; Bamba Aya 4; Ya-
mazaki Ryo 5

1 Saitama Univ.
2 Saitama Univ., JAXA
3 Kumamoto NCT
4 U.Tokyo
5 Aoyama Gakuin

Corresponding Author: y.motogami.738@ms.saitama-u.ac.jp

The r-process nucleosynthesis site in the Universe is one of the important astrophysical questions.
The r-process site should be a neutron-rich environment, and the binary neutron-star mergers (NSMs)
are considered to be the most promising site. Nuclear gamma rays through the decay of unstable
nuclei will provide direct evidence of r-process synthesis. However, the gamma-ray radiation is ex-
tremely weak (Hotokezaka et al., 2016), and the sensitivity of the near future MeV missions is limited
to detect gamma-rays from NSMs at Mpc distances or NSM remnants in our Galaxy (Terada et al.,
2022).

In this study, we focus on the hard X-ray band, which enables us to detect K X-rays emitted through
the decay chain of r-process nuclei. Here, we performed the feasibility study to detect NSMs with
the next-generation US-lead hard-X-ray mission, HEX-P. The mission is proposed to have the large
effective area (4400 cm2) in the soft to hard X-ray bands (2-200 keV). As demonstrated in Terada et
al. (2022), the NSM is expected to have a unique spectral shape compared with other high-energy
sources. Therefore, we examined the slope of the energy spectra simulated for NSMs in the 2-200
keV band. Accordingly, we performed an observation simulation with the exposure of 1 Ms to
investigate the ratio of (25-70 keV)/(2-25 keV) and (70-200 keV)/(25-70 keV) fluxes. We used the
same nuclear model in Terada et al. (2022), but with X-ray irradiation data from the daughter nuclei
of r-process nuclei. As a result, the NSM can be distinguished from other sources with at least 3σ
significance for the age of up to 104 years within a distance of 100 pc. In this presentation, we will
discuss the feasibility to detect nuclear gamma-rays lines with the HEX-P for gamma-ray diagnostics
in the neutron environment.

Poster Session / 28

Search for r-process nuclear gamma-rays from binary neutron-
starmerger remnantswith the gamma-ray satellite INTEGRAL/SPI

Author: Hayato Ohsumi1

Co-authors: Yukikatsu Terada 2; Yugo Motogami 1; Satoru Katsuda 1; Aya Bamba 3; Ryo Yamazaki 4; Shin-ichiro
Fujimoto 5
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1 Saitama Univ.
2 Saitama Univ.,JAXA
3 U.Tokyo
4 Aoyama Gakuin
5 Kumamoto NCT

Corresponding Author: osumi.h.281@ms.saitama-u.ac.jp

One of the most promising candidates in the universe for the r-process r-process, which is the only
sites that can provide elements heavier than 209Bi are the binary neutron-star mergers (NSMs).The
post-merger remnant becomes optically thin in a few weeks to months, and gamma-rays from the
decay of r-process elements are observable in the MeV energy band. The presence of r-process nu-
clei in NSMs was already shown by the infrared observation of the first NSM gravitational event
GW170817 (e.g.,Kasen et al.2017;Roswog et al.2018;Domoto et al.2022), and such MeV gamma-rays
are expected carry more direct information on the r-process nuclei especially for Lanthanoids.In
fact,however ,nuclear gamma-rays from NSMs are so dim that they are below sensitivity in the MeV
missions. (Hotokezaka et al. 2016).
According to numerical estimation of gamma-rays from NSMs (Terada et al 2022), they have unique
gamma-ray spectra compared with other high energy objects and thus the spectral shape can be
used to identify NSMs.Numerically, Terada et al.(2022) provides a new method to identify of NSMs
using color-color diagram both in the hard Xray (10-500 keV) and gamma-ray (70-3000 keV) bands.
In this study, we searched for NSM remnants at the galactic center region (−15◦ < l < 15◦,−20◦ <
b < 20◦).The search was conducted using archived data from the INTEGRAL/SPI gamma-ray ob-
servatory, which currently has the best sensitivity in the MeV energy band. Adopting the method
described above, we searched for NSMs using the color-color diagram using the five energy bands;
10-25 keV,25-70 keV, 70-500 keV, 500-1000 keV, and 1000-3000 keV, including the hard X-ray bands.
As a result, one and seven candidates of NSM remnants are identified in the hard X-ray and gamma-
ray bands,respectively. In this presentation, we will present a detailed analysis of the candidate
sources and discuss their validity as NSM remnant candidates.

Poster Session / 18

Direct measurement of the cross section for 102Pd(p,g)103Ag re-
action in the p-process
Authors: Fulong Liu1; Bing Guo2; Chuangye He2; Hao Cheng2; Nan Bo2

1 Center for Nuclear Study, the University of Tokyo
2 China Institute of Atomic Energy

Corresponding Author: fulong@cns.s.u-tokyo.ac.jp

The study of the p-process is of paramount importance in unraveling the origin of heavy elements in
the universe. To describe the entire p-nuclei nucleosynthesis process, a comprehensive reaction net-
work involving over ten thousand nuclear reactions is required, and accurate measurements of some
key reaction cross sections are essential for determining reaction rates. 102Pd is one of the more
than 30 p-nuclei, and the 102Pd(p,g)103Ag reaction is one of its significant destruction reactions.
Experimental studies for the p-nucleus 102Pd indicate that the reaction rate for 102Pd(p,g)103Ag is
significantly higher than HF predictions. There are significant discrepancies in the available data
on the 102Pd(p,g)103Ag reaction cross section in the low-energy regime relevant to nuclear astro-
physics. In light of these discrepancies, a direct measurement was carried out to determine the
reaction cross section of 102Pd(p,g)103Ag within the energy range of 1.9-2.8 MeV. The measurement
was conducted utilizing the 2*1.7 MV tandem accelerator at China Institute of Atomic Energy (CIAE).
The latest cross section data were obtained using offline activation measurement technique based
on the low background anti-muon and anti-Compton spectrometer in CIAE.
The latest results have extended the cross section of 102Pd(p,g)103Ag to the lowest energy range
of proton down to 1.9 MeV. The newly measured cross section data provide valuable experimental
references for the calculation of statistical models, particularly in the low-energy regime of interest
in nuclear astrophysics. These results contribute to a better understanding of the p-process and its
implications for the nucleosynthesis of heavy elements in the universe.
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Poster Session / 21

Direct measurement of the 26Si(α, p)29P reaction for the nucle-
osynthesis in the X-ray bursts

Authors: Kodai OkawaNone; Minju Kim1; Kyungyuk Chae1; Seiya Hayakawa2; Satoshi Adachi3; Soomi Cha4; Thomas
William Chillery2; Tatsuya Furuno3; Gyungmo Gu1; Shutaro Hanai2; Nobuaki Imai2; David Kahl5; Takahiro Kawa-
bata3; Chanhee Kim1; Dahee Kim4; Sohyun Kim1; Shigeru Kubono6; Minsik Kwag1; Jiatai Li2; Nanru Ma2; Shin’
ichiro Michimasa2; Uyen Nguyen Kim1; Duy Nguyen Ngoc1; Kohsuke Sakanashi3; Hideki Shimizu2; Oana Sirbu5;
Hidetoshi Yamaguchi2; Rin Yokoyama2; Qian Zhang2

1 Department of Physics, Sungkyunkwan University
2 Center for Nuclear Study, the University of Tokyo
3 Department of Physics, Osaka University
4 Center for Exotic Nuclear Studies, Institute for Basic Science (IBS)
5 Extreme Light Infrastructure Nuclear Physics (ELI-NP)
6 RIKEN Nishina Center

Corresponding Author: okawa@cns.s.u-tokyo.ac.jp

In the X-ray bursts, the αp-process, that consists of alternating (α, p) and (p, γ) reactions, is consid-
ered to have a great impact on the light curve. However, most of the important reactions have not
been understood experimentally because of technical difficulties. The 26Si(α, p)29P reaction rate is
one of the αp-process reactions and it is considered that the reaction rate has high sensitivity to the
X-ray burst light curve. Therefore, a direct measurement of the reaction was performed at the CNS
RI beam separator (CRIB). CRIB produced a 26Si beam with a typical intensity of 3.2× 104 pps and
a purity of 29%, which bombarded the 4He gas target. We measured the reaction particles using five
telescopes consisting of three and four silicon detectors. The 26Si(α, p)29P reaction was measured up
to the center-of-mass energy of about 7.5 MeV, corresponding to about 3 GK of Gamow energy, using
the thick gas target method. Because of insufficient statistics, the statistical error became large but
an upper limit on the cross section was obtained, which was 0.134 times that of the NON-SMOKER
statistical model. The results are useful for comparing experimental and theoretical values at higher
temperatures and for constraining the 26Si(α, p)29P reaction rate.
The analysis method and the results will be discussed.

Poster Session / 20

Direct measurement of astrophysical S(E) for the 9Be(p,a)6Li and
9Be(p,d)8Be reactions at low energy
Authors: Qian Zhang1; Kaihong Fang2; Jun Hu3; Tieshan Wang2; Jirohta Kasagi4

1 Center for Nuclear Study, The University of Tokyo
2 School of Nuclear Science and Technology, Lanzhou University
3 Institute of Modern Physics, Chinese Academy of Sciences
4 Research Center for Electron Photon Science, Tohoku University

Corresponding Author: zhangq22@cns.s.u-tokyo.ac.jp

The p-9Be reactions play a key role in accurate prediction of primordial abundance of beryllium, and
its abundance can be used to exquisitely probe the nucleosynthesis and mixing mechanism of stars.
In the present work, astrophysical S(E) factors of the 9Be(p,d)8Be and 9Be(p,α)6Li reactions have
been obtained from thick-target yield Yield(Ei) for proton energies from 18 to 100 keV. A full Rmatrix
analysis was performed to fit both the 9Be(p,d)8Be and 9Be(p,α)6Li reactions, simultaneously. The
resulting astrophysical S(E) factors agree well with direct measurements, leading to S(0) = 17.3 ±
2.1 and 13.9 ± 1.8 MeV·b for the 9Be(p,d)8Be and 9Be(p,α)6Li reactions, respectively. The reaction
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rates were also calculated in the temperature range from 0.01 to 1 T9, which improve the precision
of standard database NACRE and NACRE II.

Poster Session / 16

High-dispersion spectroscopic observations of r-process elements
including thorium in solarmetallicity andmildly-metal-poor stars

Author: Kurumi Furutsuka1

Co-author: Satoshi Honda 1

1 University of Hyogo

Corresponding Author: furutsuka@nhao.jp

The origin of the r-process was unknown for many years, but in 2017, neutron-star merger (NSM)
was observed by gravitational waves (Abbott et al., 2017). The NSM is found to be the origin of the
r-process by photometric and spectroscopic observation. However, NSM alone is unable to explain
the origin of the r-process. For example, investigation of stellar abundances has found stars with
high [Th/Eu] value (Actinide-Boost stars), but the origin of Actinide-Boost stars is unclear. The
existence of such stars suggests that the r-process has more than one origin (Holmbeck et al., 2018,
Yong et al., 2021). Although it is important to determine the Th abundance in many stars to clarify
the origin of the r-process, there have been few observations of Th in [Fe/H] > -1.5 (Mishenina et
al., 2022). Therefore, we observed such stars with Nayuta/MALLS and obtained Subaru/HDS archive
data. We obtained a number of r-process abundances including Th, over ten objects in [Fe/H] > -1.5.
As a result, the value of [Th/Eu] is constant and independent of the metallicity, there is no Actinide-
boost stars in [Fe/H] > -1.5. These results are important to clarify the origin of Actinide-boost stars.
Identifying the origins of Actinide-boost stars is to investigate the origins of the r-process.

Poster Session / 12

Follow-up of bright very metal-poor star candidates discovered
by narrow-band survey
Author: Hiroko Okada1

Co-authors: Nozomu Tominaga 2; Satoshi Honda 1; Wako Aoki 2; Kurumi Furutsuka 1; Tomoki Morokuma 3

1 University of Hyogo
2 National Astronomical Observatory of Japan
3 Chiba Institute of Technology

Corresponding Author: okada@nhao.jp

Chemical abundance of metal-poor stars is a clue to understand the chemical evolution of the early
Universe. However, the metal-poor stars discovered by previous surveys are faint and it is difficult
to measure their abundance of many elements with high precision. Therefore, we performed a photo-
metric survey using the wide-field CMOS camera (Tomo-e Gozen Camera) on the Kiso Schmidt tele-
scope with narrow-band filters sensitive to stellar metallicity to search for bright metal-poor stars.
Very metal-poor star candidates with [Fe/H] < -2 were selected for follow-up medium-resolution
spectroscopy with the Nayuta telescope. We establish a method for analyzing medium-dispersion
spectra using 43 stars with metallicity measurements and determine the metallicity and abundance
of alpha-elements of ~300 metal-poor star candidates that we have followed up so far. As a result,
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nine new very metal-poor stars and two low-alpha stars were discovered. In this talk, we present
the results of the follow-up and the metal-poor star candidate selection methods.

Poster Session / 30

Understanding nucleosynthesis by Gamma-Ray and AntiMatter
Survey (GRAMS)
Author: Shota Arai1

Co-authors: Odaka Hirokazu 2; Hagino Kouichi 1; Bamba Aya 1; GRAMS Collaboration

1 The University of Tokyo
2 Osaka University

Corresponding Author: shota.arai@phys.s.u-tokyo.ac.jp

The r-process plays a crucial role in understanding the origin of heavy elements. The gravitational
wave event GW170817, resulting from a neutron star (NS) merger, is believed to be the source of
heavy elements through the r-process (Tanaka et al., 2017). However, direct evidence for the r-
process has not been observed yet, which enables us to make a quantitative study of nucleosynthesis,
such as the fraction of each element. Although nuclear gamma rays from r-process elements are the
ideal tool, the present sensitivity of MeV gamma-ray observations is quite limited for such a purpose.
Gamma-Ray and AntiMatter Survey (GRAMS) is a Japan-US mission for next-generation MeV gamma-
ray observation with an enhanced effective area by two orders of magnitude compared to the pre-
vious MeV gamma-ray observatory, COMPTEL (Aramaki et al., 2020). Our plan includes a science
Pathfinder flight in a few years and a balloon-borne observation in the 2030s, and we finally aim
for a satellite mission in the late 2030s. The energy and orientation of the MeV gamma-ray are es-
timated from the scintillation light and the ionized electron produced by Compton scattering with
argon atoms in the detector. The use of liquid argon will enable us to easily increase the effective
area of the detector, and the detector will provide all-sky monitoring. Therefore, GRAMS is suitable
to obtain direct evidence of the r-process in NS merger.
Now the GRAMS project is in the concept verification stage. A compact detector (about 5 cm × 5 cm
× 10 cm) is being developed at Osaka University, with functional testing slated to commence this
year. Simultaneously, a simplified detector will be launched on a balloon this summer to investigate
the safe handling of liquid argon in a balloon-borne setting and assess detector performance. In this
presentation, we will introduce the power and status of the GRAMS project.

Poster Session / 31

Cryogenic hydrogen gas target for a measurement of neutron in-
elastic scattering in 12C
Author: Shumpei Yamazaki1

Co-authors: Masatoshi Itoh 1; Satoshi Adachi 1; Shohei Yonekura 1; Genki Hosoya 1; Ryota Saito 1; Takahiro
Kawabata 2

1 CYRIC Tohoku University
2 Department of Physics, Osaka University

Corresponding Author: yamazaki@cyric.tohoku.ac.jp

The triple alpha process is an essential reaction in nucleosynthesis. In a hot and dense environment,
the reaction rate can be enhanced by neutron upscattering process. In that process, the Hoyle state
in 12C decays into the bound states by giving the excitation energy to neutrons instead of radia-
tion decay. We plan to measure a cross section of the inverse reaction in order to determine the
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enhancement factor. For the measurement, we developed a cryogenic hydrogen gas target to pro-
duce a high-intensity monoenergetic neutron beam. The hydrogen gas is cooled to below 77 K by a
GM refrigerator and approximately 10 MeV neutron beam is produced by 1H(13C, n)13N reaction
at E13C = 72.7 MeV. We performed a thermal test of the cryogenic target with heaters to simu-
late the primary beam energy loss. In addition, we also conduct a performance test of the target
using an actual beam. I will report the development of the gas target and results of two performance
tests.

Poster Session / 51

CHARGE-EXCHANGEREACTIONS INCONJUNCTIONWITHTHE
OSLO METHOD
Author: Neshad Deva Pathirana1

1 Facility for Rare Isotope Beams & Michigan State University

Corresponding Author: devapath@frib.msu.edu

Charge-Exchange (CE) reactions are an important tool for studying the spin-isopin response of
nuclei. They can be utilized to obtain information about interactions mediated by the weak nu-
clear force, such as β and electron capture decay. Using the proportionality between Gamow-Teller
strength (B(GT)) and the CE differential cross section, B(GT) strength distributions can be extracted
indirectly. Since CE reactions are not limited to a narrow Q value window, they provide information
that is complementary to information obtained from β and electron capture decay. Such data are
necessary for constraining reaction rates that happen in dense and hot astrophysical environments.
In the near future, it is planned to combine measurements in which GT strengths are extracted with
g decay measurements. One of the goals is to use the Oslo method to extract level densities and g-ray
strength functions, which are also important for constraining astrophysical reaction rates.

Poster Session / 52

An Update on the Commissioning of SECAR
Author: Mackenzie Smith1

1 Michigan State University

Corresponding Author: smithmac@frib.msu.edu

The Separator for Capture Reactions (SECAR) located in Reaccelerator Hall 3 (ReA3) at the Facility
for Rare Isotope Beams (FRIB) is a recoil separator designed to study the direct reaction rates of
capture reactions in inverse kinematics. Such reactions are crucial to the understanding of many
stellar phenomena such as type I X-ray bursts and supernovae. This poster presentation will be
an update on the commissioning of SECAR and will provide an overview of the detection apparti
along the beam line, focusing on the BGO Array, and the alignment procedure of the isotope beam.
Additionally, I will show some results from experiments with stable beams and outline the future
developments and plans for SECAR.

Poster Session / 60

Measurement of the gamma Decay Probability of the Hoyle State
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Author: Kohsuke Sakanashi1

1 Department of Physics, Osaka University

Poster Session / 61

Measurement of neutron inelastic scattering of theHoyle state to
estimate the triple-alpha reaction rate in high-density environ-
ments
Author: Tatsuya Furuno1

1 Department of Physics, Osaka University

Poster Session / 64

Supernova Nucleosynthesis: Radioactive Nuclear Reactions and
Neutrino-Mass Hierarchy
Author: Xingqun Yao1

1 Beihang Univ. & National Astronomical Observatory of Japan

Corresponding Author: sternyao@buaa.edu.cn

Poster Session / 65

Developing ”1D+” simulation of Core-collapse supernovae
Author: Shunsuke Sasaki1

1 NAOJ,The Graduate University for Advanced Studies, SOKENDAI

Corresponding Author: sasaki.shunsuke.astr@gmail.com

Poster Session / 53

Open Poster Session

Core-Collapse Supernova Explosions / 44

Neutrino physics in massive star evolution and core collapse su-
pernova
Author: Chinami KatoNone
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Core-Collapse Supernova Explosions / 7

Progenitor dependence of neutrino-driven supernova explosions
with the aid of heavy axion-like particles
Author: Tsurugi Takata1

Co-authors: Kanji Mori 2; Ko Nakamura 1; Kei Kotake 1

1 Fukuoka University
2 NAOJ

Core-collapse supernova is an explosion event of a dying massive star at the end of its lifetime. The
explosion mechanism has not been well-understood due to large numerical and physical complex-
ity. Now that KAGRA project and Hyper-Kamiokande project are launched in Japan, we need to
construct a precise supernova model to capture all possible astrophysical information from a nearby
supernova in the future. In this work, we have conducted spherically symmetric core-collapse su-
pernova simulations with the aid of heavy axion-like particles (ALPs), which possibly interact with
photons and deposit energy behind a shock wave. As a result, we found that two of the ALP pa-
rameters, ALP mass and ALP-photon coupling constant, have the following relationships with the
shock wave. First, heavy ALPs with high coupling constant are favorable for the shock wave to
expand. However, when ALP mass exceeds a certain value (for example, m_a=600 MeV in the case
of 20M_sun star), ALP emission rate decreases and the shock wave is less likely to turn into an ex-
pansion. This is because the temperature achieved inside the supernova core is not high enough to
produce heavy ALPs sufficiently. In general, the maximum temperature depends on the progenitor
structure. We have demonstrated such simulations for three progenitors and found that the ALP
assist of explosion is effective in massive progenitors even in the case of heavy ALPs with m_a>600
MeV.

Core-Collapse Supernova Explosions / 6

Core-collapse supernovae: 3DMHDsimulations andmulti-messenger
signals
Author: Ko Nakamura1

Co-authors: Tomoya Takiwaki 2; Kei Kotake 1

1 Fukuoka University
2 NAOJ

Corresponding Author: nakamurako@fukuoka-u.ac.jp

Systematic studies of core-collapse supernovae have been conducted based on hundreds of one-
dimensional artificial models (O’Connor & Ott 2011,2013; Ugliano et al. 2013, Ertl et al. 2015)
and two-dimensional self-consistent simulations (Nakamura et al. 2015;2019, Burrows & Vartanyan
2020). We have performed three-dimensional core-collapse simulations for 16 progenitor models
covering ZAMS mass between 9 and 24 solar masses. Our models show a wide variety of shock
evolution and explosion energy, as well as multi-messenger signals including neutrinos and gravi-
tational waves. We present the dependence of these explosion properties on the progenitor struc-
ture.

High Energy Astrophysics / 22

Nuclear reactions related to very high and ultra-high energy cos-
mic rays
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Author: Eiji Kido1

1 Astrophysical Big Bang Laboratory, RIKEN

Corresponding Author: eiji.kido@riken.jp

The composition of very high-energy (VHE) and ultra-high energy (UHE) cosmic rays (CRs) was
recently measured with higher statistics than before. The results implied that the composition of
VHECRs becomes heavier up to ∼ 1017.2 eV and lighter above the energy, and the composition
of UHECRs becomes lighter up to ∼ 1018.3 eV and heavier above the energy. The experimental
evidence induces motivation to study the nuclear reactions of cosmic ray nuclei at the cosmic ray
sources, in their propagation, and in the atmosphere of Earth. In this presentation, I will begin with
an overview of the observations of very high and ultra-high energy cosmic rays and the nuclear
reactions. After that, I will talk about our recent activities related to this topic.

High Energy Astrophysics / 14

Revealing the journey of cosmic rays with petaelectronvolt ener-
gies through the observation of sub-PeV gamma rays by the up-
coming experiment ALPACA
Authors: Sei Kato1; for the ALPACA CollaborationNone

1 Institute for Cosmic Ray Research

Corresponding Author: katosei@icrr.u-tokyo.ac.jp

The ALPACA experiment is an international project between Bolivia, Mexico, and Japan, the pro-
totype of which started data-taking in Bolivia in September 2022. One of the motivations of the
experiment is to explore the southern sky in the sub-PeV (E > 10^14 eV) gamma-ray sky to locate as-
trophysical accelerators of Galactic cosmic rays in the PeV (E > 10^15 eV) range, so-called PeVatrons.
The experiment has two types of detectors: a surface air shower array consisting of scintillation
detectors which reconstruct the energies and directions of gamma rays by observing extensive air
showers, and an underground water-Cherenkov-type muon detector array which effectively discrim-
inates between gamma rays and background cosmic rays. In addition to the principal motivation of
the PeVatron search, transient gamma-ray sources such as gamma-ray bursts (GRBs) should be inter-
esting targets to be observed by the experiment taking advantage of its wide field of view and high
duty cycle. Gamma rays of several hundreds of GeV to multi-TeV energies can be detected by densely
arranging the scintillation detectors covering the surface over several thousand square meters above
one of the muon detectors. The lower-energy extension of observation would help improve our un-
derstanding of prompt and afterglow emission from GRBs, some of which could be closely related
to the merger of neutron stars synthesizing heavy elements through the r-process. The presentation
gives a design of such a dense air shower array, which should be called the ALPACA high-density
array, and a simulation-based study of its performance for GRBs.

Poster Session / 4

Machine LearningRefinements toMetallicity-Dependent Isotopic
Abundances
Author: Haoxuan SunNone

Corresponding Author: hsun@macalester.edu

The project aims to use machine learning algorithms to fit the free parameters of an isotopic scal-
ing model to elemental observations. The processes considered are massive star nucleosynthesis,
Type Ia SNe, the s-process, the r-process, and p-isotope production. The analysis on the successful
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fits seeks to minimize the reduced chi squared between the model and the data. Based upon the
successful refinement of the isotopic parameterized scaling model, a table providing the 287 stable
isotopic abundances as a function of metallicity, separated into astrophysical processes, is useful for
identifying the chemical history of them. The table provides a complete averaged chemical history
for the Galaxy, subject to the underlying model constraints.

Poster Session / 62

GENSOGAKUSHO×GENSOGOUSEI: Illustrations of nucleosynthe-
sis by personification characters
Author: Nobuya Nishimura1

1 RIKEN

Corresponding Author: nobuya.nishimura@riken.jp
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