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2025-09-29 (Mon) 09:00-09:30 JST [Plenary 29al] Invited talk

The 15th International Conference on Hypernuclear and Strange Particle Physics

(HYP2025)

The Extension Project of the J-PARC Hadron Experimental Facility

Presenter/Primary Fuminori Sakuma'*
on behalf of HEF-ex TF

'RIKEN

Content

The J-PARC Hadron Experimental Facility was established to investigate the origin and evolution of matter
in the universe by utilizing the world’s most intense particle beams. Over the past decade, the facility has
made major contributions to particle and nuclear physics. To further broaden its scientific reach and explore
new frontiers, an extension of the Hadron Experimental Facility is now under active discussion and planning
[1,2]. This presentation will highlight past achievements and discuss the potential impact of the extended
facility on strangeness nuclear physics, hadron physics, and flavor physics.

Reference

[1] K.Aoki et al., “Extension of the J-PARC Hadron Experimental Facility: Third White Paper”, arXiv:2110.04462 [nucl-ex]
[2] https://www.rcnp.osaka-u.ac.jp/~jparchua/en/hefextension.html
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2025-09-29 (Mon) 09:30-10:00 JST [Plenary 29al] Invited talk

The 15th International Conference on Hypernuclear and Strange Particle Physics

(HYP2025)

Highlights on strangeness production at the LHC
Benjamin Donigus'*
'Goethe University Frankfurt

Content

The study of strange and multi-strange hadrons is of particular interest, since the strange quark is the most
abundantly produced quark for which there is no net content in the initial colliding system. Strangeness
production thus serves as a probe of particle production mechanisms and may contribute to gain further
understanding of the system evolution in heavy-ion collisions.

Systematic measurements of strange and multi-strange hadrons will be presented for proton-proton (pp),
proton-lead (p-Pb) and Pb-Pb collisions. Transverse momentum spectra and yields for p-Pb and Pb-Pb will be
compared to predictions from statistical hadronization models and to measurements performed in pp
collisions. In addition, ratios of production yields of strange to non-stange hadrons as a function ogthe final
state multiplicity of the collision will be discussed. This gives valuable information for understanding the
mechanisms that may control the production of strange particles.
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2025-09-29 (Mon) 10:00-10:30 JST [Plenary 29al] Invited talk

The 15th International Conference on Hypernuclear and Strange Particle Physics

(HYP2025)

Strange and Charming Hadron interactions from Lattice QCD

Takumi Doi'*
on behalf of HAL QCD collaboration

'RIKEN Center for Interdisciplinary Theoretical and Mathematical Sciences (iTHEMS)

Content

First-principles determination of hadron interactions is one of the most important subjects in particle,
nuclear and astrophysics. In particular, the determination of hyperon forces is crucial to understand not only
structures of hypernuclei but also equation of state of dense matter, whereas that of charmed hadron
interactions plays a vital role to elucidate physical mechanisms of exotic hadrons.

In this talk, I will present recent development of lattice QCD studies for hadron interactions, focusing on
those with strange and/or charm quark degrees of freedom. I first give brief introduction for our theoretical
framework, the HAL QCD method [1,2,3]. | will then present results obtained near physical quark masses,
m(pi) = 146 MeV. Systematic investigation on meson-meson, meson-baryon and baryon-baryon interactions
are performed and predictions on exotic hadrons and hypernuclei are given [4,5]. Comparison with
experimental data is discussed as well. I will then present recent progress on lattice QCD studies performed
with the physical quark masses, m(pi) = 137 MeV, using the supercomputer “Fugaku” [6].

Reference

[1] N. Ishii, S. Aoki and T. Hatsuda, Phys. Rev. Lett. 99, 022001 (2007).

[2] N. Ishii et al., (HAL QCD Coll.), Phys. Lett. B 712, 437-441 (2012).

[3] S. Aoki and T. Doi, Front. in Phys. 8, 307 (2020).

[4] Y. Lyu et al., Phys. Rev. Lett. 127 072003 (2021); Phys. Rev. D 106, 074507 (2022); Phys. Rev. Lett. 131, 161901 (2023); Phys.
Lett. B 860, 139178 (2025).

[5] K. Sasaki et al. (HAL QCD Coll.), Nucl. Phys. A998, 121737 (2020); E. Hiyama et al., Phys. Rev. Lett. 124, 092501 (2020); Phys.
Rev. C 106, 064318 (2022).

[6] T. Aoyama et al., (HAL QCD Coll.), Phys. Rev. D 110, 094502 (2024).

Field of Research: Interactions of mesons and baryons with strangeness / Heavy flavor systems
Experiment / Theory: Theory
Contribution Type: Invited talk

Last modified: July 18, 2025



2025-09-29 (Mon) 11:00-11:30 JST [Plenary 29a2] Invited talk

The 15th International Conference on Hypernuclear and Strange Particle Physics
(HYP2025)

Vector meson-baryon interactions via Femtoscopy in strangeness sectors
A. Feijoo'*, P. Encarnacion!, J. X. Lin?, M. Korwieser’, M. Albaladejo!, J. Nieves!, L. Fabbietti’

!Instituto de Fisica Corpuscular, Centro Mixto Universidad de Valencia-CSIC, *School of Physics, Southeast
University, *Physik Department E62, Technische Universitit Miinchen

on behalf of HYP2025 collaboration

Content

The recent femtoscopy measurement of the ¢p correlation function (CF) by the ALICE Collaboration [1]
provides the first experimental indication of an attractive ¢p interaction, renewing interest in vector-baryon
dynamics. Our complementary theoretical work [2] based on a unitary extension of the local hidden gauge
formalism, fitted to the ¢p CF data, emphasizes the role of coupled-channel effects and predicts a near-
threshold degenerate molecular state with J* = (1/27, 3/2°). Motivated by these developments and ongoin

measurements such as the p°p CF, we extend the femtoscopic study of vector-baryon systems to sectors wit

non-zero strangeness. Using a unitarized coupled-channel approach grounded in the hidden gauge formalism,
we analyze the S = —1 and S = —2 sectors, incorporating a renormalization scheme that ensures realistic
short-distance behavior. Several dynamically generated resonances are identified, with properties compatible
with known states from the Review of Particle Physics. To explore their experimental signatures, we compute
CFs for all relevant vector-baryon pairs using production weights from the Thermal-FIST package and source
sizes in the range 1.0-1.5 fm.r'}l,'he resulting %lg s exhibit distinctive structures tied to nearby poles, offering a
valuable framework for interpreting future femtoscopy data and constraining low-energy hadronic interactions.

Reference
[1] S. Acharya et al. (ALICE), Phys. Rev. Lett. 127, 172301 (2021)
[2] A. Feijoo, M. Korwieser, and L. Fabbietti, Phys. Rev. D 111, 014009 (2025).
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2025-09-29 (Mon) 11:30-12:00 JST [Plenary 29a2] Invited talk

Quark mass dependence of strange baryons

Raquel Molina and Zejian Zhuang
Universidad de Valencia, Theoretical Physics Deparment and IFIC,
Centro Mixto Universidad de Valencia-CSIC, Parc Clientfic UV,
C/ Catedrdtico José Beltrdn, 2, 46980 Paterna, Spain

Jun-Xu Lu
School of Physics, Beihang University, Beijing 102206, China

Li-Sheng Geng
School of Physics, Beihang University, Beijing 102206, China
Beijing Key Laboratory of Advanced Nuclear Materials and Physics, Beihang University, Beijing 102206, China
Peng Huanwu Collaborative Center for Research and Education, Beihang University, Beijing 100191, China and
Southern Center for Nuclear-Science Theory (SCNT), Institute of Modern Physics,
Chinese Academy of Sciences, Huizhou 516000, China

In this talk I will discuss the latest results from analyses of LQCD data with EFTs concerning
strange baryons. In particular, the A(1405) has been for a long time one of the most controversial
exotic strange baryons. A crucial step to understand the dynamical origin of exotic strange baryons
is the study of pole trajectories. The recent advances of LQCD simulations allows us to study them
using EFTs based on chiral lagrangians in combination with unitarity techniques. If the A(1405)
possesses a two-pole molecular structure, these poles are expected to evolve differently towards the
SU(3) limit. From an analysis of a recent LQCD simulation on the 7% — K N scattering for I = 0 and
the study of the quark mass dependence of the octet baryon masses, we determine for the first time
the trajectories of these poles towards the symmetric point over the Tr[M] = C trajectory accurately.
At m, ~ 200 MeV, our results are consistent with the lattice simulations, and the extrapolations
to the physical point, based on the NLO chiral Lagrangians, agree well with existing experimental
analyses. Therefore, our results help to establish the A(1405) dynamical nature. Additionally, we
make predictions in I = 1 for the ¥* resonance. This methodology can be applied in the future to
study other baryon systems as excited nucleons, while being also tested in future LQCD simulations.



2025-09-29 (Mon) 12:00-12:30 JST [Plenary 29a2] Invited talk

The 15th International Conference on Hypernuclear and Strange Particle Physics

(HYP2025)

Current and future programs to investigate the AN interaction from scattering
experiments

Koji Miwa' % ¥*
"Tohoku University, RIKEN, *KEK
on behalf of J-PARC E40, E86 collaboration and HYPS collaboration

Content

The hyperon-nucleon interactions are fundamental information to describe many-body nucleon systems
containing hyperons, such as hypernuclei and neutron stars. By extending the nuclear force to baryon-baryon
interactions, we also can understand the nuclear force as the interaction between quark clusters, because new
aspects of baryon-baryon interaction are expected to appear especially at short the distance in hyperon-
nucleon and hyperon-hyperon interactions.

Now, new attempts to describe the hyperon-nucleon interactions within the chiral effective field theory
framework. In order to make such interaction theories more realistic, more hyperon-proton scattering data are
necessary. In J-PARC, we succeeded in providing new and accurate 2 proton scattering data for three
different channels [1]. These new data are now used to constrain the theoretical models.

From this April, we have just started A p scattering experiment using photo-produced A particles at
BL33LEP beam line in SPring-8 (HYPS experiment). We produce A particles via the y p—K"A reaction
using Y beam of 1.5-2.4 GeV in a liquid hydrogen target. Then A p scattering events will be detected by the
same detector system (CATCH [2]) used in the X p scattering experiment. Now we plan to take data over 2.5
years to accumulate ~10” momentum-tagged A beam to detect several thousand A p scattering events. In
this experiment, differential cross sections of 0.3-0.6 GeV/c A momentum range will be derived.

In J-PARC, we also proposed A p scattering experiment (E86 experiment) to measure spin observables of
Ap scattering using highly spin polarized A beam [3] as a future program. In addition, a collaborative work
between Lattice QCD calculation and 2 N cusp measurement is ongoing to reveal the full picture of the AN
interaction.

In this presentation, I will review the achievements of YN scattering experiments so far and introduce the
ongoing and new projects to understand the AN interaction.

Reference
[1] K. Miwa et al., Eur. Phys. J. A 61 (2025) 6, 128

[2]Y. Akazawa et al., Nucl.Instrum.Meth.A 1029 (2022) 166430
[3] T. Sakao et al., arXiv:2505.18598 [nucl-ex]
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2025-09-29 (Mon) 12:30-13:00 JST [Plenary 29a2] Invited talk

The 15th International Conference on Hypernuclear and Strange Particle Physics
(HYP2025)

Strangeness is the key: from KbarN to DDbarK

Lisheng Geng

Beihang University.

Content

We show that the KbarN coupled-channel interaction can be described in chiral perturbation theory. Such an
interaction leads naturally to the existence of the two poles of Lambda(1405), which has received increasing
support from lattice QCD and experiments. In addition, we demonstrate that the same type of interaction gives
rise to the Ds0*(2317) and its associated three-body DDbarK states.

Reference
[1] Phys.Rev.Lett. 130 (2023) 071902
[2] Phys.Rept. 1108 (2025) 1-108
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2025-09-29 (Mon) 14:30-14:55 JST [Parallel 29p1A] Invited Parallel

The 15th International Conference on Hypernuclear and Strange Particle Physics
(HYP2025)
Abstract Title
Fabian Hildenbrand!*, Serdar Elhatisari2, Zhengxue Ren!, Ulf-G. MeiBiner3.!
! Institute for Advanced Simulation (IAS-4), Forschungszentrum Jiilich, D-52425 Jiilich, Germany,
2Department of Physics, King Fahd University of Petroleum & Minerals, Dhahran 31261, Saudi Arabia

3Helmholtz-Institut fiir Strahlen- und Kernphysik and Bethe Center for Theoretical Physics,
Universitdt Bonn, D-53115 Bonn, Germany

on behalf of HYP2025 collaboration

Content

Nuclear Lattice Effective field theory is a powerful ab initio method to calculate nuclear structure and
scattering properties. I will present an extension of this method applied on S=-1 hypernuclei, which allows, in
principle, calculations of hypernuclei with arbitrary A. The focus will be on binding energy calculations in the
light and mid-mass regime. In addition, the importance of the inclusion of three-body forces will be discussed.

Reference

[1] Towards hypernuclei from nuclear lattice effective field theory Eur.Phys.J.A 60 (2024) 10, 215
Field of Research:, structure and decay of hypernuclei
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2025-09-29 (Mon) 14:55-15:10 JST [Parallel 29p1A]

The 15th International Conference on Hypernuclear and Strange Particle Physics

(HYP2025)

Structures and productions of A- and Z-hypernuclei in an extended shell model
Atsushi Umeyal*, Toshio Motoba®®, Yasuo Yamamoto*

Nippon Institute of Technology, >RCNP, Osaka University, *Osaka Electro-Communication University,
*Nishina Center, RIKEN

Content

Hypernuclear studies have played a major role in understanding baryon-baryon interactions. In the S = —1
sector, spectroscopic studies on A-hypernuclei in the s-shell and p-shell regions have progressed both
experimentally and theoretically, and strengths of various components in AN interaction have been clarified. In
the last decade, in particular, remarkable precision data have been supplied by the y-ray measurements done at
J-PARC and also by the (e, e’ K") reaction spectroscopy performed at JLab. To further understand the baryon-
baryon interaction in the S = —2 sector is attracting new attention, although the spectroscopic experiments on =-
hypernuclei are quite limited so far [1]. In anticipation of novel data from high-resolution experiments planned
at J-PARC with certain innovation, we think it necessary to perform the detailed structure analyses together with
the predictions of hypernuclear production cross sections by using microscopic wave functions.

In order to show the advantageous applicability of the extended shell model involving major shell mixing [2],
first we focus on A'’Be and adjacent hypernuclear structures. The "B (e, e’ K*) A'’Be experimental spectrum
from JLab shows a novel broad bump at 8.3 MeV excitation [3] which has not been expected within the
conventional model having only the p-shell nuclear natural-parity configurations. In our extended shell model,
the new configurations with unnatural-parity nuclear excited states are equally taken into account. In fact, the
natural- and unnatural-parity nuclear-core configurations, [’Be (/) x A (p)] and [’Be (J") x A (s)], are shown
to be mixed easily by the AN interaction at appropriate excitation energy. The DWIA cross section spectrum
calculated with the extended wave functions can successfully explain the extra bump for the first time, which is
clear evidence for the major shell mixing phenomena mediated by the A-hyperon. In the structure analyses of
hypernuclei adjacent to »'°Be, we show that the A p-state splits into two orbital states due to the strong coupling
with the o-a like nuclear-core deformation and that their energies change from A’Be going to A'’B.

In the second part, based on the success of the extended shell model for A-hypernuclei, we apply the model
to two typical E-hypernuclei in order to see how it works in predicting energy level structures and the (K™, K*)
reaction spectra. Here we take the ='*Be (''B x ") and ='°Li (°Be x Z") hypernuclei, noting that we can expect
high-resolution experimental data from the innovative projects planned at J-PARC. As for the core nuclei, ''B
and °Be, our microscopic model describes their low-lying energy levels satisfactorily and can microscopically
estimate effects of the addition of a E -hyperon. Since there is considerable model-dependence of the baryon-
baryon interaction with S =—2, we try to take two types of ZN interactions: G-matrices from the Nijmegen ESC
potential [4] and those from the HAL QCD potential [5], since their properties are quite different from each
other. We show the energy levels of ='?Be and ='°Li and discuss the reason for the different outcomes depending
on the interaction models. The predicted spectrum pattern of DWIA cross sections of the '*C (K~, K*) ='*Be is
analyzed, focusing on the spin structures of hypernuclear wave functions, while in the '’B (K, K*) ='’Li case
we predict such nice merit that the lowest J = 2" state gets the largest cross section among the 7= 1 final states.

Reference

[17Y. Ichikawa et al., Prog. Theor. Exp. Phys. 2024, 091D01 (2024).

[2] A. Umeya, T. Motoba, K. Itonaga, EPJ Web of Conf. 271, 01010 (2022); A. Umeya et al., in preparation.
[3] T. Gogami et al., Phys. Rev. C 103, L041301 (2021).

[4] M. M. Nagels, Th. A. Rijken, Y. Yamamoto, Phys. Rev. C 102, 054003 (2020).

[5] K. Sasaki et al. (HAL Collaboration), Nucl. Phys. A 998, 121737 (2020).
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2025-09-29 (Mon) 15:10-15:25 JST [Parallel 29p1A]
The 15th International Conference on Hypernuclear and Strange Particle Physics
(HYP2025)

Continuum States of Lambda Hypernuclei via the (K-, n7) Reaction

Madhumita Dhar!*, Kouichi Hagino?
!Cooch Behar Government Engineering College, West Bengal, India 736170 ,

’Department of Physics, Kyoto University, Kyoto 606-8502, Japan

Content

The strangeness-exchange (K-, n7) reaction has played a pivotal role in hypernuclear spectroscopy for several
decades [1]. Due to the kinematics of the reaction, the A hyperon is expected to occupy the same or neighboring
neutron orbitals in the resulting hypernucleus. The excited hypernuclear states can thus be described as A
particle-neutron hole configurations. In this work, we investigate the strength functions of light hypernuclei
using the same Green’s function method as developed in Refs. [2,3], formulated in the A particle-neutron hole
basis. The mechanism explicitly considers the A continuum effects. We calculate the A escape widths for various

excited states and compare our results with previous theoretical predictions.

A key advancement in our study is the inclusion of up-to-date experimental data, which have significantly
accumulated since the time of Refs. [2,3]. This allows for more meaningful comparisons and provides an

opportunity to re-evaluate the theoretical framework in light of current measurements.

This study aims to establish a robust and modernized framework for analyzing hypernuclear spectroscopy
reactions involving continuum states, contributing to a deeper understanding of hypernuclear structure across a

wider mass range.

Reference

[1] Heidelberg—Saclay—Strasbourg Collaboration, Hypernuclear Production in the (K", w)) Reaction, Nucl. Phys. A360 (1981) 315—
330.

[2] N. Auerbach, N. Van Giai, S.Y. Lee, The A-Escape Width of Excited Hypernuclear States, Phys. Lett. 68B, 3 (1977).

[3] N. Auerbach, N. Van Giai, Continuum Effects in Excited States of Light Hypernuclei, Phys. Lett. 90B, 4 (1980).
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2025-09-29 (Mon) 15:25-15:40 JST [Parallel 29p1A]

The 15th International Conference on Hypernuclear and Strange Particle Physics
(HYP2025)

Hypernuclear production with antisymmetrized molecular dynamics
Masahiro Isaka'* and Toshio Motoba?>

'Hosei University, *Osaka University, *Osaka Electro-comm. University

Content

Recently we have estimated hypernuclear production cross sections by using a new type of wave functions
solved in the antisymmetrized molecular dynamics (AMD). The AMD framework has been often applied to
hypernuclear structure analyses [1,2], because the model is advantageous enough to include not only shell-like
states but also cluster states and even largely deformed structures as well. However, the AMD wave functions
have not been employed so far in the hypernuclear production reactions. In the present work, we have applied

the AMD wave functions, for the first time, to the estimates of hypernuclear production rates.

In studies on hypernuclear structure, not only the L amEn R
: - BC(n*, KM)AC —
ground but excited states have attracted considerable 200+ > 1/2;
. . . : . o= p, = 1.04 GeV/e
interest. Particularly, since the p orbit has a spatial 2 _
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degeneracy of p states into two different directions. Figure: Reaction spectrum for **C(m*, K*)';C
with AMD+DWIA.

Furthermore, in 23Mg [4], it was predicted by the
AMD calculation that three different p states appear by the splitting of the p orbits due to the triaxial
deformation of %*Mg. To investigate the structure of excited states such as the p states, it is essential to
compare the production cross sections with experimental data.

To evaluate the production cross sections of hypernuclei, we have constructed the framework of the distorted
wave impulse approximation (DWIA) calculation based on the AMD wave functions (AMD+DWIA). As the
first step, we have applied it to the production of the known p-shell hypernuclei, namely *2C(m*, K*)'2C,
2c(k=,m)2C, 2C(y, KH)2B, B3C(n*,K*)1C, and 3C(K~,m~)13C. In this talk, we will compare the
results with shell-model calculations and experimental data and discuss the validity of AMD+DWIA.

Reference

[1] M. Isaka, Y. Yamamoto, and Th. A. Rijken, Phys. Rev. C94, 044310 (2016).

[2] M. Isaka, Y. Yamamoto, and T. Motoba, Phys. Rev. C101, 024301 (2020).

[3] T. Motoba, H. Bandd, K. Ikeda, and T. Yamada, Prog. Theor Phys. Suppl. 81, 42 (1985).
[4] M. Isaka, M. Kimura, A. Doté, and A. Ohnishi, Phys. Rev. C87, 021304(R) (2013).
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2025-09-29 (Mon) 15:40-15:55 JST [Parallel 29p1A]

The 15th International Conference on Hypernuclear and Strange Particle Physics
(HYP2025)

Charge symmetry breaking in hypernuclei within relativistic mean field model
Yusuke Tanimura'*, Tingting Sun®*, Hiroyuki Sagawa®*, Emiko Hiyama®’

'Department of Physics and Origin of Matter and Evolution of Galaxy (OMEG) Institute, Soongsil University,
Seoul 06978, Korea

School of Physics, Zhengzhou University, Zhengzhou 450001, China
SRIKEN Nishina Center for Accelerator-Based Science, Wako, Saitama 351-0198, Japan
‘Center for Mathematics and Physics, the University of Aizu, Aizu-Wakamatsu, Fukushima 965-8580, Japan.

’Department of Physics, Graduate School of Science, Tohoku University, Sendai 980-8578, Japan

Content

We study the charge symmetry breaking (CSB) effect in the binding energy of hypernuclei in the mass
region 4 = 7-48 in relativistic mean field models introducing NN and AN interactions [1]. The
phenomenological AN CSB interaction is introduced and the strength parameter is fitted to reproduce the
experimental binding energy difference between the mirror hypernuclei '*AB and '>4C. This model is applied
to calculate the CSB energy anomaly in mirror hypernuclei with the mass 4 = 7-48. The model is further
applied to predict the binding energy difference of mirror hypernuclei of 4 = 40 with the isospin 7= 1/2, 3/2
and 5/2 nuclei together with various hyper Ca isotopes and their mirror hypernuclei. Finally, the binding
energy systematics of 4 = 48 hypernuclei are predicted with/without the CSB effect by the PK1 and TM2
energy density functionals.

Reference
[1] Ting-Ting Sun, Yusuke Tanimura, Hiroyuki Sagawa, Emiko Hiyama, Phys. Lett. B865, 139460 (2025).
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2025-09-29 (Mon) 14:30-14:55 JST [Parallel 29p1B] Invited Parallel

Recent Progress in Kaon Electroproduction: Impact of New CLAS

Data on Beam-Recoil Transferred Polarization

T. Mart*
*Departemen Fisika, FMIPA, Universitas Indonesia, Depok 16424, Indonesia

For over five decades, the electromagnetic production of kaons on the nucleon has been
an indispensable tool for investigating hadron structure and hadronic interactions involving
strangeness. This unique role arises from the explicit strangeness degrees of freedom in the
final state, distinguishing kaon production from processes involving pions or etas [1, 2]. In
the past two decades, modern accelerators equipped with state-of-the-art detectors around
the world have yielded a wealth of high-precision experimental data, including differential
cross sections as well as single- and double-polarization observables. Most recently, the
CLAS Collaboration released new data on beam-recoil transferred polarization [3]. Despite
these substantial experimental efforts, relatively few comprehensive theoretical analyses have
been conducted. To address this, we have developed a new isobar model to analyze all
available kaon electroproduction data. This model extends our previous photoproduction
framework, incorporating 26 nucleon and 20 hyperon resonances with spins up to 13/2 [4, 5].
In our present analysis, we have examined nearly 2,000 experimental data points on kaon

electroproduction.

[1] T. Mart, Electromagnetic Production of Kaon in All Isospin Channels: Summary of the
Progress and Application, Few-Body Systems 62, 31 (2021).

[2] T. Mart, Coupled K+ and K° photoproduction off the nucleon: effects of the recent CLAS
and MAMI data and the N(1680)Py; narrow state, Physical Review D 100, 056008 (2019).

[3] D.S. Carman et al., Phys. Rev. C 105, 065201 (2022).

[4] N. H. Luthfiyah and T. Mart, Phys. Rev. D 104, 076022 (2021).

[5] S. Clymton and T. Mart, Phys. Rev. D 104, 056015 (2021).

“terry.mart@sci.ui.ac.id



2025-09-29 (Mon) 14:55-15:10 JST [Parallel 29p1B]

The 15th International Conference on Hypernuclear and Strange Particle Physics

(HYP2025)

S-wave kaon-nucleon interactions and $¥Theta"+$ pentaquark from lattice QCD

Kotaro Murakami 2*, Sinya Aoki®, Takumi Doi%, Yan Lyuz, and Wren Yamada®

!Institute of Science Tokyo, RIKEN iTHEMS, *FQOSP, RIKEN
on behalf of HAL QCD collaboration

Content

Interactions between a meson and a nucleon play an important role in various contexts such as the partial
restoration of chiral symmetry [1] and the structure of exotic hadrons and nuclei [2]. Although kaon-nucleon
scattering experiments have been conducted since the 1960s, our understanding of the interactions is still
limited due to lack of experimental data at low momentum, which makes it difficult to elucidate such related
phenomena accurately. On the other hand, recent developments in computational power and lattice QCD
techniques have enabled precise calculation of hadron interactions from first principles. In this study, we
investigate the S-wave kaon-nucleon interactions in lattice QCD using the time-dependent HAL QCD method
[3,4%. he calculation is performed with $N_{=2+1§ quark flavors on the physical point, Sm_{¥pi}¥approx
137$ MeV [5]. The resuﬁ of the interaction potentials is purely repulsive for isospin $1=1$, while for $I=0$ it
has a slight attractive pocket in addition to tﬁe repulsion. The obtained scattering observables are qualitatively
consistent with the experimental results. Particularly, our results for $I=0$ suggests the P-wave dominance at
low momentum [6]. Furthermore, our results indicate that there are no bound or resonant states corresponding
to $¥Theta” {+}§ pentaquarks in this system.

Reference

[17Y. lizawa, D. Jido and S. Hiibsch, PTEP 2024, no.5, 053D01 (2024).

[2] A. Hosaka, T. Hyodo, K. Sudoh, Y. Yamaguchi and S. Yasui, Prog. Part. Nucl. Phys. 96, 88-153 (2017).
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Content

The hyperons appear to be present in the interior of the neutron star with the increasing baryon density. Since

their appearance generally leads to the softening of its equation of state, some repulsive mechanism to

suppress the appearance of the hyperons is called for in order to be consistent with the observation that the

mass of the neutron star can be twice as heavy as the solar mass. At present the information on two- and three-

baryon forces including the hyperons is very much limited, and it is hard to draw clear conclusions on the

required repulsion.

We consider the origin of this repulsive effect in terms of the many-baryon effect derived from the
correlation between quarks. In the two-baryon system, the origin of the repulsive effect between baryons was
mainly the quark-Pauli effect and the contribution from the Fermi-Breit(FB) interaction of the one-gluon exchange.
We examine how these two effects behave in the three-baryon system.

First we consider the role of the quark-Pauli blocking effect on the three octet-baryons by solving the
eigenvalue problem of the quark antisymmetrizer for three octet-baryons that are described by most compact
spatial configurations. We find that the Pauli blocking effect is weak in the Ann system, while it is strong in
the ¥ nn system. The appearance of the X hyperon is suppressed in the neutron star interior but no quark-Pauli

repulsion effectively works for the A hyperon [1].

Next we investigate to study three octet-baryon forces using a quark-model Hamiltonian. The spin and flavor
SU(3) symmetry developed here should be useful to the extent to which the underlying Hamiltonian is SU(3)-
scalar. In the present talk, we adopt the FB interaction in the flavor-SU(3) limit. We study the dependence of the
three-baryon force originating from the FB-interaction on the three octet-baryon systems with the use of the
resonating group method (RGM) formalism for the three-baryon nine-quark system. The characteristic feature of
the three-baryon force originating from the FB interaction is investigated by evaluating the effective local potential
obtained by integrating the diagonal components of the non-local RGM interaction kernel with simple wave

functions. The three-baryon force appears to have a rich flavor dependence [2].
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Content

Hyperon-proton scattering experiment is one of the most natural, direct methods to study the hyperon-
nucleon (YN) interaction, as in the case of the NN interaction. Moreover, the experimental methods to study
two-body interactions, scattering experiment and femtoscopy are complementary to each other. Finally,
scattering experiments have impacts on recently highlighted theoretical studies: chiral effective field theory
[1] and lattice QCD calculation such as HALQCD. Therefore, we can say the importance of YN scattering
experiments has increased in recent years.

Although YN scattering experiment had been experimentally difficult for a long time due to short lifetime of
hyperons, we successfully performed novel high-statistics X *p scattering experiment at J-PARC [2-4]. As
the next step, we are now carrying on Ap scattering experiment using photo-produced A at BL33LEP in
SPring-8. We aim at measuring the differential cross section of the Ap scattering with good precision of 15%
in the A momentum range of 300-600 MeV/c. In order to accumulate enough scattering events in spite of
small A -photoproduction cross section, planned data-taking period is about 400 days. We already took
A -production data about 10% of full-statistics.

In the experiment, both the A production via the ¥ p—AK" reaction and the A p scattering occurred in
a liquid hydrogen target. The A production reaction was analyzed using a tagger system for y -energy
measurement and a forward spectrometer system. In present analysis on the production data, typically 20,000-
30,000 A production events are identified per day and the number is almost as expected. The recoil proton
from the Ap scattering and/or decay particles from the A were measured using CATCH, which is a detector
system surrounding the target and previously used in the J-PARC experiment. The A p scattering events and
other reactions such as the mere A —p x - decay without scattering can be identified by checking kinematical
consistencies.

In this presentation, I will give an overview of the Ap scattering experiment in SPring-8 and report analysis
status on A -photoproduction reaction and some following reactions, such as A —p x - decay.
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Content

The absence of a single-meson exchange in the t-channel is a feature of the double-strangeness exchange
(K™, K™) reaction. This reaction serves as a unique test ground for the spectroscopy of A and X resonances in
the KN and K= channels.[1][2][3] The polarization of the Z hyperon provides valuable insight into the role of
strange quarks in the Z production processes. Furthermore, the emission of Z and proton in the (K™, K")
reaction on nuclear targets yields crucial information about the Ep elastic scattering with = polarization.

We invested Z~ production in (K~,K") reactions from protons and carbon nuclei at 1.8 GeV/c using the J-
PARC E42 detector. We successfully reconstructed = decays followed by subsequent A decays using the
HypTPC.

We measured the differential cross-sections for the reactions p(K,K")Z™ and 12C(K",K*Z")X at forward
angles in the range of 0.8 < cos 0* {K*} < 1.0. In addition, we measured the Z~ polarizations for both
p(K™, K")Z" and 12C(K~, K'E")X reactions.

This talk will present our preliminary results on the differential cross-sections for E~ production in the
(K™, K*) reactions from protons and carbon nuclei, with the polarizations of Z”. These results will be
compared with theoretical predictions, providing essential informations about Z p scattering in a nucleus.
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Kaonic nuclei are the nuclear system involving anti-kaons (K*" meson, K*=(K", K®)), The K*'N
attraction is known to be so strong to generate a quasi-bound state of isospin-0 K**N system with ~20 MeV
binding energy, which corresponds to the excited hyperon A(1405) [1]. Earlier studies of kaonic nuclear
structure, which were performed with Antisymmetrized Molecular Dynamics (AMD) method using effective
interactions, suggested a possibility that they might possess unique nature such as formation of dense state due
to such a strong K*N attraction [2].

Since then, both theoretical and experimental studies have devoted lots of effort to investigate the simplest
system of kaonic nuclei, “Kpp”, which is a three-body system composed of two protons and a K~ meson. At
last, J-PARC E15 collaboration found the signal of a K'pp quasi-bound state via *He(K", Apn) reaction [3].
With the success of their K pp experiment, they have started a systematic study of light kaonic nuclei, such as
KP™-NNN (4-body), K**-NNNN (5-body) and so on [4].

Similarly to the experimentalists, we are also planning a systematic calculation of light kaonic nuclei. Here,
we employ a newly developed version of AMD, which is called High-Momentum AMD method (HM-AMD)
[5]. With the inclusion of the high-momentum component of nucleons explicitly with AMD wave function,
HM-AMD enables us to treat important correlations (short-range correlation and tensor correlation) induced
by nuclear forces. Therefore, we can carry out a precise study based on so-called realistic NN interactions. In
addition, since HM-AMD inherits the simple formalism of the original AMD, it is expected that we can apply
this method to various kaonic nuclei with various quantum numbers. Furthermore, we have recognized the
importance of channel coupling and resonance nature for the precise study of kaonic nuclear system, through
our previous studies of K'pp with a coupled-channel Complex Scaling Method (ccCSM) [6]. By merging HM-
AMD to ccCSM, we will realize a systematic study of kaonic nuclei with adequate treatment of channel-
coupling and resonance nature, which are key ingredients of kaonic nuclear study.

This time, [ will explain the application of HM-AMD to kaonic nuclear systems in detail, and will report
the numerical result of the first application to the two-body coupled-channel system of K*N-nZ, which
involves A(1405) resonance.
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We investigated meson-baryon scattering using time-order perturbation theory based on covariant chiral
effective field theory. Renormalized scattering amplitudes were obtained by solving the integral equations
with the full off-shell dependence of effective potentials and applying subtractive renormalization. Our
formalism has been successfully applied to the pion-nucleon scattering at leading order and extended to
meson-baryon scattering in the S = —1 sector. By solving the coupled-channel integral equations, we
obtained the two-pole structure of the A(1405) resonance. Confronting the recent lattice QCD study, we
investigated the light-quark mass dependence of A(1405) two poles. Our parameter-free prediction of pole
positions agrees with the results of BaSc Collaboration. Furthermore, we would like to present the preliminary
results of the ongoing work at the next-to-leading order on meson-baryon interactions.
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