2019 2023

Diversity of nuclear matter properties in heavy-ion collisions and Equation of
State of asymmetric nuclear matter

Ikeno, Natsumi

3,200,000

(EOS)

EOS T

EOS
2017
EQS

EOS

In order to deduce information on the equation of state (EOS) of
isospin-asymmetric nuclear matter at high density, we have performed theoretical simulations of the
heavy-ion collisions involving neutron-rich nuclei using a transport model that solves the time
evolution of the collision reaction. We have newly developed our transport model by comparing it
with the latest experimental data on charged pion production as well as the theoretical results from

other transport models. The calculated results clearly show that, in particular, the momentum
dependence of the neutron and proton potentials has a significant impact on the charged pion ratio.
It is suggested that a comprehensive analysis, including not only the pion production but also
nucleons and clusters, is necessary to extract information on EOS from experimental data.



EOS 2017

EOS
Tl
EOS 2016
RIBF  Sn+Sn
EOS
EOS
EOS
A
(AVD)
A Tt
(JAM) AMD+JAM  (N. Ikeno et al., Phys. Rev. C 93, 044612 (2016))
3

€Y

QCD

s (

)

) (AMD+JAM)
(TMEP)
€Y (

)

©)
@) AMD+JAM
AMD
( = )



(€Y) (TMEP)

A (NN<->NA) T (A ->Nmt)

Tt

AMD+JAM
PRC
(N. lkeno et al., Phys. Rev. C101, 034607 (2020))
(2) SmRIT 132Sn+124Sn s
AMD+JAM
T

(G. Jhang et al. [SpiRIT and TMEP], Phys. Lett. B 813, 136016

(2021))
©)) @) T A
AMD+JAM T A
(AMD+sJAM) SJAM JAM
L A
(NNSNA) A (A -1 N)
AMD+sJAM 132Sn+124Sn
Tl
A T
PRC
(N. Ikeno and A. Ono, Phys. Rev. C 108, 044601 (2023))
O) s STRIT
1325n+124Sn (d/p)
(t/p) AMD

(3. W. Lee et al. [SpiRIT], Eur.
Phys. J. A 58, 201 (2022); M. Kaneko et al. [SpiRIT], Phys. Lett. B 822, 136681
(2021))

©) I s s
(A. Tani, N. lkeno et al., PTEP 2021, 033D02 (2021); N. Ikeno et
al., PTEP 2023, 033D03 (2023); T. Nishi et al. [piAF], Nature Phys. 19, 788-793 (2023))

(©) AMD+sJAM I
Tt
Tt
Tl
132Sn+124Sn s
T ®
Tl
EOS
Tt
() ( )
s pp->drt
) (N.
Ikeno et al., Phys. Rev. C104, 014614 (2021)) (Belle  BESIII
) (s.0)

Q (2012) Zcs(3985)
(N. Ikeno et al., Phys. Rev. D 101, 094016
(2020); Phys. Lett. B814, 136120 (2021); Phys. Rev. D 105, 014012 (2022) )



32 30 25 14

Sorensen Agnieszka Agarwal Kshitij Brown Kyle W. Chajcki Zbigniew Danielewicz Pawel 134
Drischler Christian Gandolfi Stefano Holt Jeremy W. Kaminski Matthias Ko Che-Ming Kumar
Rohit Li Bao-An Lynch William G. MclIntosh Alan B. Newton William G. ... Ikeno N. et al
Dense nuclear matter equation of state from heavy-ion collisions 2024

Progress in Particle and Nuclear Physics

104080 104080

DOl
10.1016/j . ppnp.2023.104080

Ikeno Natsumi Ono Akira

108

Collision integral with momentum-dependent potentials and its impact on pion production in
heavy-ion collisions

2023

Physical Review C

044601-044601

DOl
10.1103/PhysRevC.108.044601

Ikeno Natsumi Toledo Genaro Oset Eulogio

847

Model independent analysis of femtoscopic correlation functions: An application to the
D*s0(2317)

2023

Physics Letters B

138281 138281

DOl
10.1016/j .physletb.2023.138281

Ikeno Natsumi Liang Wei-Hong Oset Eulogio

109

Molecular nature of the Q c(3120) and its analogy with the Q (2012)

2024

Physical Review D

054023-054023

DOl
10.1103/PhysRevD.109.054023




Ikeno Natsumi Toledo Genaro Liang Wei-Hong Oset Eulogio 64

Consistency of the Molecular Picture of Q (2012) with the Latest Belle Results 2023

Few-Body Systems 55-55
DOI

10.1007/s00601-023-01843-8

Abreu Luciano M. Ikeno Natsumi Oset Eulogio 108

Role of f0(980) and a0(980) in the B- -1t -K+K- and B- -1t -KOKbar0 reactions 2023

Physical Review D

016007-016007

DOl
10.1103/PhysRevD.108.016007

Wolter Hermann Colonna Maria Cozma Dan Danielewicz Pawel Ko Che Ming Kumar Rohit Ono 125
Akira Tsang ManYee Betty Xu Jun Zhang Ying-Xun Bratkovskaya Elena Feng Zhao-Qing Gaitanos
Theodoros Le Fevre Arnaud lkeno Natsumi

Transport model comparison studies of intermediate-energy heavy-ion collisions 2022

Progress in Particle and Nuclear Physics

103962 103962

DOl
10.1016/j .ppnp.2022..103962

Ikeno Natsumi Liang Wei-Hong Toledo Genaro Oset Eulogio 106
Interpretation of the Qc- 1 +Q (2012) - 11 +(K-= ) relative to Qc- 1 +K-= from the Q (2012) 2022
molecular perspective

Physical Review D 34022

DOl
10.1103/PhysRevD.106.034022




Lee J. W. Tsang M. B. Tsang C. Y. Wang R. Barney J. Estee J. Isobe T. Kaneko M. Kurata- 58

Nishimura M. Lynch W. G. Murakami T. Ono A. Souza S. R. Ahn D. S. Atar L. Aumann T.

Baba H. Boretzky K. ... 1Ikeno N.

Isoscaling in central Sn+Sn collisions at 270 MeV/u 2022

The European Physical Journal A 201
DOl

10.1140/epja/s10050-022-00851-2

Ikeno N. Bayar M. Oset E. 107

Molecular states of D*D*K*bar nature 2023

Physical Review D 34006
DOl

10.1103/PhysRevD.107.034006

Bayar M. lkeno N. Roca L. 107

Predictions of superexotic heavy mesons from K*B(*)B* interactions 2023

Physical Review D 54042
DOl

10.1103/PhysRevD.107.054042

Nishi Takahiro Itahashi Kenta ... lkeno Natsumi piAF Collaboration -

Chiral symmetry restoration at high matter density observed in pionic atoms 2023

Nature Physics 1-8

DOl
10.1038/s41567-023-02001-x




Ikeno Natsumi Nishi Takahiro Itahashi Kenta Nose-Togawa Naoko Tani Akari Hirenzaki Satoru 2023

Pion-nucleon sigma term o 1N and deeply bound pionic atoms 2023

Progress of Theoretical and Experimental Physics 033D03
DOI

10.1093/ptep/ptad031

Ikeno N. Nishi T. Itahashi K. Nose-Togawa N. Tani A. Hirenzaki S. 142

Pion-Nucleon Sigma Term by Deeply Bound Pionic Atoms 2022

Acta Physica Polonica A 342 346
DOI

10.12693/APhysPolA.142.342

Hirenzaki Satoru Ikeno Natsumi -

Theoretical Study of Deeply Bound Pionic Atoms with an Introduction to Mesonic Nuclei 2022

Handbook of Nuclear Physics, Springer, Singapore 1 31
DOI

10.1007/978-981-15-8818-1_35-1

Ikeno Natsumi Bayar Melahat Oset Eulogio 81

Combined theoretical study of the D+ — 1 +n n and D+ — T+t 0N reactions 2021

The European Physical Journal C 377

DOl
10.1140/epjc/s10052-021-09174-w




Ikeno Natsumi Molina Raquel Oset Eulogio

104

Triangle singularity mechanism for the pp — 1+ d fusion reaction 2021

Physical Review C 14614
DOl

10.1103/PhysRevC.104.014614

SpiRIT Collaboration, M. Kaneko, T. Murakami, T. Isobe, M. Kurata-Nishimura, A. Ono, N. lkeno, 822

J. Barney, G. Cerizza, J. Estee, G. Jhang, J.W. Lee, W.G. Lynch, C. Santamaria, C.Y. Tsang,

M.B. Tsang, R. Wang, et al.

Rapidity distributions of Z=1 isotopes and the nuclear symmetry energy from Sn+Sn collisions 2021

with radioactive beams at 270 MeV/nucleon

Physics Letters B 136681
DOl

10.1016/j .physletb.2021.136681

Ikeno Natsumi Molina Raquel Oset Eulogio 105

Zcs states from the Ds* D*bar and J/y K* coupled channels: Signal in B+ - J/y ¢ K+ decay 2022

Physical Review D 14012
DOl

10.1103/PhysRevD.105.014012

Ikeno Natsumi Toledo Genaro Oset Eulogio 101

Molecular picture for the Q (2012) revisited 2020

Physical Review D 94016

DOl
10.1103/PhysRevD.101.094016




Jhang G. et al. (Ikeno N.) (STtRIT and TMEP Collaboration)

813

Symmetry energy investigation with pion production from Sn+Sn systems

2021

Physics Letters B

136016 136016

DOl
10.1016/j .physletb.2020.136016

Ikeno Natsumi Molina Raquel Oset Eulogio

814

The Z(3985) as a threshold effect from the Dbars* D + Dbars D* interaction

2021

Physics Letters B

136120 136120

DOl
10.1016/j .physletb.2021.136120

Tani Akari lIkeno Natsumi Jido Daisuke Nagahiro Hideko Fujioka Hiroyuki Itahashi Kenta 2021

Hirenzaki Satoru

Structure of double pionic atoms 2021

Progress of Theoretical and Experimental Physics 033D02
DOl

10.1093/ptep/ptab023

Toledo Genaro Ikeno Natsumi Oset Eulogio 81

Theoretical study of the DO -> K- 1+ n reaction 2021

The European Physical Journal C 268

DOl
10.1140/epjc/s10052-021-09058-z




Ikeno Natsumi Ono Akira Nara Yasushi Ohnishi Akira

32

Neutron-Proton Dynamics and Pion Production in Heavy-ion Collisions by the AMD+JAM Approach 2020

JPS Conf. Proc. 32, 010067 (2020) 10067
DOI

10.7566/JPSCP.32.010067

Ikeno N. Bayar M. Oset E. -

Production of X resonances in Bc decays 2020

World Scientific, Hadron Spectroscopy and Structure 119-123
DOI

10.1142/9789811219313_0016

Ikeno N. Dai L. R. Oset E. -

Initial-final state strong interaction corrections to the Bbar — D vbar | decays 2020

World Scientific, Hadron Spectroscopy and Structure 730-733
DOI

10.1142/9789811219313_0127

Natsumi lIkeno, Jorgivan M. Dias, Wei-Hong Liang, Eulogio Oset 100

chi_cl decays into a pseudoscalar meson and a vector-vector molecule 2019

Physical Review D 114011

DOl
10.1103/PhysRevD.100.114011




Natsumi lkeno, Lianrong Dai, Eulogio Oset 56

Meson exchange between initial and final state and the RD ratio in the Bbar — D v bar 1 (v 2020

bar_ 1 Tt ) reactions

European Physical Journal A 73
DOl

10.1140/epja/s10050-020-00079-y

Wei-Hong Liang, Natsumi lkeno, Eulogio Oset 803

Upsilon(nl) decay into BA{(*)} Bbar*{(*)} 2020

Physics Letters B 135340
DOl

10.1016/j .physletb.2020.135340

M. Bayar, N. lkeno, E. Oset 80

Analysis of the psi(4040) and psi(4160) decay into DM{(*)} Dbar™{(*)}, D_s"{(*)} Dbar_s"{(*)} 2020

European Physical Journal C 222
DOl

10.1140/epjc/s10052-020-7785-1

Natsumi lkeno, Akira Ono, Yasushi Nara, Akira Ohnishi 101

Effects of Pauli blocking on pion production in central collisions of neutron-rich nuclei 2020

Physical Review C 34607

DOl
10.1103/PhysRevC.101.034607




27 8 18

Natsumi lkeno

Effect of the momentum dependence of the neutron and proton potentials on pion production in heavy-ion collisions

RIKEN Workshop: Equation of State of Dense Nuclear Matter at RIBF and FRIB

2023

Natsumi lkeno

Interpretation of the Qc decay into 1t +K= from the Q (2012) molecular perspective

20th International Conference on Hadron Spectroscopy and Structure (HADRON 2023)

2023

Natsumi lkeno

Molecular states of D*D*K*bar and B*B*K* nature

20th International Conference on Hadron Spectroscopy and Structure (HADRON 2023)

2023

Natsumi lkeno

The Zcs states based on the molecular picture

20th International Conference on Hadron Spectroscopy and Structure (HADRON 2023)

2023




Natsumi lIkeno, Akira Ono

Impact of the momentum dependence of the neutron and proton potentials on pion production in heavy ion collisions

NuSym23, XIth International Symposium on Nuclear Symmetry Energy

2023

Molecular states of D*D*K*bar and B*B*K* nature

ELPH €035 QCD

2023

(d,3He) T T

RCNP

2022

Natsumi lkeno

Sensitivity of the deeply bound pionic atoms to the pion-nucleon sigma term

the 4th Jagiellonian Symposium on Advances in Particle Physics and Medicine

2022




Natsumi lkeno

Molecular picture of Omega(2012)

QNP2022 - The 9th International Conference on Quarks and Nuclear Physics

2022

Natsumi lIkeno, Akria Ono

A consistent treatment of nucleon and Delta potentials for pion production in heavy-ion collisions

NuSym22, X International Symposium on Nuclear Symmetry Energy

2022

Natsumi lkeno

Consistency of the molecular picture of Q (2012) with the latest Belle results

Baryons 2022 - International Conference on the Structure of Baryons

2022

Natsumi lkeno

The Zcs and D*D*K*bar states based on the molecular picture

INT Workshop “ Accessing and Understanding the QCD Spectra

2023




2023

2023

Molecular picture for the Q (2012) state

Workshop on Physics at the J-PARC K10 Beam line

2021

Natsumi lkeno

Theoretical study of Zcs(3985) with the coupled channel approach

The 19th International Conference on Hadron Spectroscopy and Structure (HADRON2021)

2021

, Raquel Molina, Eulogio Oset

Zcs(3985)

2021

2021




2021

2021

Natsumi lkeno

Molecular picture of the Q (2012) state

Asia Pacific Center for Theoretical Physics (APCTP) Seminar

2021

Sequential single pion production explaining the dibaryon ~~d*(2380)"" peak

The ELPH Co31

2021

77

2022




Natsumi lkeno

Theoretical study of Q (2012) and Zcs(3985) with the coupled channels approach

Hadron in Nucleus 2020

2021

Natsumi lkeno

Pion production within AMD+JAM approach

Challenges to Transport Theory for Heavy lon Collisions

2019

Natsumi lkeno

High-density symmetry energy and pion production in heavy-ion collisions

Gordon Research Conference

2019

N. Ikeno, M. Bayar, E. Oset

Production of X Resonances in Bc Decays

The 18th International Conference on Hadron Spectroscopy and Structure (HADRON2019)

2019




N. Ikeno, L. Dai, E. Oset

Initial-final state strong interaction corrections to the Bbar — D v bar 1 (v bar_t Tt ) decays

The 18th International Conference on Hadron Spectroscopy and Structure (HADRON2019)

2019

, L. Dai, E. Oset

Strong interaction corrections to the B - DIv decays

2019

2019

Natsumi lkeno

Pion production in heavy-ion collisions within AMD+JAM approach

9th International Symposium on Nuclear Symmetry Energy (NuSYM2019)

2019




Valencia University

Murcia University

Kocaeli University

Universidad Nacional Autonoma
de Mexico

Michigan State University

Texas A&M University

Lawrence Berkeley National
Laboratory

Shanghai Advanced Research
Institute

China Institute of Atomic
Energy

Huzhou University

University of Munich/GSI

Universidade de Sao Paulo




