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Meson In nuclel

In nuclei, mesons appear as viatual particles
and form nuclear potential (Yukawa theorem)

In vacuum, mesons are real particles
having own Intrinsic masses (cf. meson beam)

meson

Can meson be a constituent particle forming nuclei?

If yes, how do meson and core nucleus change?
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Strong attraction in [=0 from scattering and X-ray experiements.

A(1405) = KN molucle picture is now widely accepted

Why not kaonic nucleus with additional nucleons?



Kaon In nuclel

m,/m, in nuclear matter
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Kaon mass changes”?
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Compact system?
—nucleon overlaps? dense matter?
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Kpp K'ppn K'ppnn

KN attraction & NN replusion
—molecule-like structure?



Two approaches tor kaonic systems

r Precision X-ray measurement
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Vo+1Wo K ppn K'ppnn

K- nucleus potential

Reaction formation

A series of experiments at J-PARC K1.8BR
Probe different energy, density, and isospin

6



The simplest kaonic nucleus
KNN(I=1/2,J" =0")
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. Theoretical calculations agree on the existence of KNN,
although B.E. and I" depend on the KN interaction models.

. Heaviear systems, KNNN, KNNNN, ... should also exist

. However, no conclusive experimental evidence before us.



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

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

K_ 3He ~ 200 MeV/c

- reaction “K-pp”
o . 6 iy N

L=+1/2

v Effectively produce sub-threshold virtual K beam

v Most of background processes can be kinematically separated.
v Simplest target allow exclusive analysis.

v Cover a wide range of kinematical region



J-PARC K1.8BR as of 2012 i, 4*
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Forward neutron semi-inclusive spectrum

PTEP 2015, 061D01 (2015)
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Exclusive analysis: *"He(K~, Ap)n

PHYSICAL REVIEW C 102, 044002 (2020)

Observation of a KNN bound state in the *He(K~, Ap)n reaction
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Apn event selection

K. Agari et. al., PTEP 2012, 02B011
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Obtained spectrum in J-PARC E15

bound region PRC102(2020)044002.
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2D Fit for the “KNN’ state

0.3 < gx <0.6 GeV/c: Signals are well separated from other process

phase Breit Wigner form factor
space

Fit with PWIA oM, q) x p(M, q)X
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Byop ~ 40 MeV, I, ~ 100 MeV Qipp ~ 400 MeV (cf. Qqr ~ 200 MeV)
= large binding energy - wide momentum transfer




(K-, n) reaction on other targets ]5
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(K-, n) reaction on other targets

PLB837,137637(2023)
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With two-step reaction processes

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



ls the observed state really KNN 7

- |Isospin partner should exist
IL=+1/2

. An,X"p analysis KNN(I = 1/2)

K=pp - K'pn

. L=-12 N n - Kon
. heed neutron detection | P

- Spin-parity measurement:

. Spin-spin correlation between A and p

- need polarimeter for proton

- — B

4 p
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(a) JP =07 case (b) JP =1 case




How compact is the system’?

Phys ReV c102(2020)044002
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T. Sekihara ef al., Phys. Rev. C 86 (2012) 065205
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BE (MeV)

How general are the Kvrar-nuclei?

Calc. by S.Ohnishi et al. in PRC 95 (2017) 065202
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Exclusive analysis becomes difficult.— Inclusive + tag.
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Constructlon status
Cylmdrlcal Drift Chamber
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. JFY2024: complete solenoid

. JFY2025: start installation
. JFY2026: first beam?




Summary

- Anti-kaon could be a unique probe for hadron physics.
We are performing systematic experiments at J-PARC.

. KNN signals are observed in 3He(K-,Ap)n channel.

. KNNN hint in 4He(K-,Ad)n events in a test experiment.

- New-generation experiment starts from JFY2026 with a new
solenoid spectrometer

Looking for more collaborators including theorists!
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