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Pioneering work by T. Yamazaki & Y. Akaishi
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“A(1405) anzats”

Unigue systems to study In-
medium hadron properties

Formation of dense nuclear
medium — K condensation

Triggered many experimental
and theoretical research,
continuing to date
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KbarN molecule from Lattice QCD
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. Strong attraction in I=0 from scattering and X-ray experiements.

. A(1405) = KN molucle picture is now widely accepted
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Theoretical calculations of KbarNN " =707

Chiral unitary model Phenomenological model
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. KParNN should exist. Then, how to produce and observe it?



“K-pp” searches
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- No conclusive result because of complex reactions & background---



KNNN: Experimental situation
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. Some experimental searches in 2000s. No conclusive result.

- multi-N absorptions hide bound-state signals in Stop-K



Our approach: in-flight (K-, n) reaction

T. Kishimoto, Phys. Rev. Lett. 83, 4701 (1999).

~1 GeV/c forward K-N elementaly cross-sections
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v Effectively produce sub-threshold virtual K

v Simplest target allows an exclusive analysis
v Large-acceptance detector to cover a wide range of kinematical region



K1.8BR in J-PARC

K1.8BR suitable for low-energy K- beam below 1 GeV/c



E15 spectrometer | beam dump. g

beam sweeping | =

Lig. Ho/Do/3He Lokt & N = &  neutron counter
target system STSRER WSy charge veto counter &

proton counter =

spectrometer /4



Experiments with E15-CDS

. 2012: Completed the construction [PTEP 02B011(2012)]

. 2013: E15 Tst, “K-pp” search.
[PTEP 061DO01 (2015), PTEP, 051DO01 (2016)}

K~ +°He - K pp+n
. 2015: E15 2nd, “K-pp” search
[PLB789, 620 (2019), PRC102, 044002 (2020), PRC10, 014002 (2024)]

. 2018: E31, A(1405)

[PLB837,137637(2023) + 2 in preparation] K™ +d — A(1405) +n

. 2020: T77, H lifetime, (“K-ppn” search) 1 K~ +*He — *H + 2°
[PLB485, 138128 (2023) + 1 in preparation] J (K~ +*He — K~ ppn + n)

. 2021: E73 1st, JH production cross section Y. Ma@30p1A

[arXiv:2509.16967] T. Akaishi@poster ] K~ + *He — 3H + 20

. 2024~2025: E73 2nd, 3H lifetime, (“K-pp” study) ‘ (K~ +°He - K pp + n)

[>3 publications expected]
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“K-pp” observation in J-PARC E15
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Deep biding (B.E. ~ 40 MeV), Large decay width ('~ 100 MeV), Large momentum transfer
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A\ d analysis with the 4He target

E15: K~ +°He — Ap + n; (~ 42x 10° K™) T77: K~ +*He — Ad +n, (~ 6x10° K7)
M(Kppn) before acceptance correction
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. Similar distribution as 3He data. Publication coming soon with x3 4He data.
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With two-step reaction processes

S-wave KN amplitude (1=0) was deduced
pole: 1417.7 — 26.1i [MeV]

PLB 736, 137637 (2023)
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AY: PRC65(2002)044005, PLB535(2002) 70. 15
WG: PRC/79(2009)014001.
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.- The binding energy I1s compatible with some theoretical predictions

. “KNNN" system might have larger binding than "KNN". .
New calculation result
- Experimental width Is larger than theoretical predictions. N. Shevchenko@1p2C



KNN mesonic decay
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A*/X* production In d(K—, N) . Murayama@1p2c
d(K~, n\)p
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. Interesting to compare the g-dependence (angular distribution)
. |sospin-dependence can be investigated.



E15-CDS experiments 2012~2025

Established the existence of Kaonic nuclel
and the production method via (K-, N)



What Is next?

Confirmation of “K—ppn” — J-PARC E8O0
Further investigation of the KNN system — J-PARC E89

Quantum number, Spatial size, heavier system, double K nuclei---



Is the observed state really KNN 72

. |Isospin partner should exist

. | i L=+1/2 K_pp - Kopn
. “K%n” — An,X " p analysis KNN( = 1/2)
Bl - K'nn

Sl K pn-K'nn

- need neutron detection

. Spin-parity measurement:

. SpIN-spin correlation between A and p
. need polarimeter for proton

—TT 0 +7 —n1 0 +

20
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Phys. Rev. C102(2020)044002
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How compact is the system?

P. Kienle et al., PLB 632 (2006) 187-191
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. Momentum of the “spectator” nucleon should reflect the system size.
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- Most of the spectator nucleons have too low momentum to be detected.

— detect the forward knocked-out nucleon In the production reaction
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How general are the Kbkar-nuclei?

Calc. by S.Ohnishi et al. in PRC 95 (2017) 065202

100 .
g Phenomenological’ == o Model dependence
g T = = 'E-dep. of KN int.
__ 4 Chiral SU(3) based < ,
; >0 - ' Ly In system
m - — - -
X 12 3 4 5 6

_ .4 >
. K™+ *He - KNNN +n) Exclusive analysis becomes difficult.

K+ = IZNNNN+@ — Inclusive + strangeness tag.

- C(K-, p) at 1.8 GeV/c
. K~ +7Li > KNNNNNN +@/p forward TOF F. Oura@1p2C



New CD S ES0-CDS

E15-CDS

e

v Solid angle: x1.6 (59%— ‘
v Neutron eff. x4 (3%—12%
v forward TOF counters

v proton polarimeter in future
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Acceptance for K~ +*He — Ad/Apn + n
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Y. Kimura@29piC

COI"IS'IZI‘LI CtiOn Sta'tLIS Y. Tsutusmi@poster

Solenoid york Superconductlng solen0|d CDC: completed, in commissioning

completed in JFY2022 o completed in JFY2.4

Installation from summer 2026
Beam commissioning in early 2027




Summary

. Established Kaonic nuclei production by (K-, N) reaction

. E15-CDS data-taking just completed.

. A(1405), ‘K pp", "K ppn’

. More analysis results to come. (d, 3sHe, 4He)

- Next-generation experiments start in 2027 with the upgraded solenoid detector

. J-PARC E8O: "K—ppn”

. J-PARC E89: “K—pp” spin-parity, “K’nn”

. key issues: guantum number, spatial size from the decay observables

. Many opportunities with ES0-CDS: hypernuclel, pbar beam, K+ beam, ---
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