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R. Dalitz and S. Tuan, Ann. Phys. (N.Y.) 10, 307 (1960).
R. Dalitz, T. Wong, and G. Rajasekaran, Phys. Rev. 153,1617 (1967).

Considered to be KN cluster
(mg + my ~ 1.43 GeV/c?)
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How to experimentally determine
the internal structure of exotic hadrons?



A(1405) Antikaonic nuclei
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The lightest K-nucleus
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KNN

The lightest K-nucleus

No theoretical study doubts the existence of KNN,
but predicted BE & I" highly depend on model.

BE=9-95MeV 1 =16-110MeV

L. Tolos & L. Fabbietti, Prog.Part.Nucl.Phys. 112 (2020) 103770
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We conducted an experimental search for KNN @ J-PARC (E15 experiment)
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Exp. studies for KNN so far

PHYSICAL REVIEW C 102, 044002 (2020)

First calculation for K pp
PLB 535 (2002) 70

Observation of a KNN bound state in the *He(K~, A p)n reaction
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Production of K-nuclei

K Nu CI el T. Kishimoto, Phys. Rev. Lett. 83 O99ifi///
(4

\




Production of K-nuclei

(K™, N) elementary cross sections @ 6, = (°

T. Kishimoto. Phys. Rev. p(K pK ——
Lett. 83 (1999) 4701
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J-PARC E15

Production reaction ———
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Inclusive measurement

Mg + 2my
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Exclusive measurement

(—-Reconstruction of A_j
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Exclusive measurement

mg + 2my
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Exclusive measurement

Mg + 2my
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Exclusive measurement
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T. Yamaga et al.,
PRC 102 (2020) 044002
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A clear peak below mg + 2m,
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Theoretical calculation

/70 . . |
Tjjeory (A) — T. Sekihara, E. Oset, and A. Ramos,
_ JPSCP 26 (2019) 023009
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Theoretical calculation supports that the observed peak is KNN signal.



Mass and Width of KNN

BE I

bRC 102 0020y a0 423 (star) 2 syst) MeV 1007 (stat.) +1° (syst.) MeV

* Obtained as peak position & width of simple Breit-Wigner

hi Exp > Theor #

Phys. Ri'v.ocljl%igh(izf)tﬁl)”06szoz 26 — 28 MeV 31 — 59 MeV
FeW—BI(:Icin}Sl;\s]Ehgf 1(ig(’)zo) 27 29 — 30 MeV 46 — 47 MeV
Phys. Lgi.ll)sogeszt(%lzli)’lg) 405 14 — 59 MeV 16 — 38 MeV

* Mesonic decay width only



Ongoing analysis for K-nuclei

K +*He—Ad+n

[=0

KNNN production



K +’He—Ap+n

bound region
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K~+°He— Ap+n K~+*He—Ad+n

100

| I | | | I | | | I | | | | : I ) I
I 0.3 < q, < 0.6 GeV/c ] 45;— : =
SN § I : o, 350 0.3 <gx< 0.6 :
L | % S C -
= 60 Ni KNN = Ap - ® 30F + E
N I ! = | 0
'@ - e - : - & 255 ¢ —
— |} KNN - =% :h QF-K absorption ~ ‘s .
S I o . [ ' -
~ | 15 .
© i { . O . 0 0‘ :
a i ]
' thath JH * e E
N A! ] '|'--|- m ot | '+J . --‘—-I ' ——$ | E
2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8
Invariant-mass of Ap (GeV/c?) Invariant-mass of Ad (GeV/c?)

= Peak observed in Ad invariant-mass could be signal of KNNN.



How to experimentally determine
the internal structure of K-nuclei?



Future plan

current CDS




New CDS
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New programs for kaonic nuclei

— Lighter system — KNN system ———— — Heavier system

J¥ determination

_J

| To confirm the existence
more robustly

KNNN system

Door to heavier system
*He(K~, N) reaction

Measuring do/dq & a,,,

with wider g-region K ppn — K°pnn (1=0)
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KNNNN system
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Are you interested in? Join us!



r We observed the first clear
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Summary
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r We would like to robustly confirm j
the existence of K-nuclei

&
clarify their internal structure
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New experiments will
(hopefully) start from 2026

4

R R e e e —

|
|
|
|
|
?
|
|
|
!
-

Thank you for your attention!



