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KparN interaction

K-N scattering
NPB179(1981)33.
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A\(1405) in chiral unitary model
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KbarN molecule from Lattice QCD

PRL114(2015)132002.
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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”?

Density (fm™~) Density (fim~)

(a) *He (b) *HeK ~
A. Dote, H. Horiuchi, Y. Akaishi and T. Yamazaki, Phys. Lett. B 590 (2004) 51

Compact system?
—nucleon overlaps? dense matter?
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Kpp K'ppn K'ppnn

KN attraction & NN replusion
—molecule-like structure?



Width (MeV)

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.

. No conclusive experimental evidence before us.



Binding Energy (MeV)

Mass number dependence
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AY: PRC65(2002)044005, PLB535(2002)70.
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BGL: PLB712(2012)132.

OHHMH: PRC95(2017)065202.

Kanada: EPJA57(2021)185.

- Width
(mesonic-only)

KNN KNNN KNNNN

The larger the nucleus, the larger the binding.
Systematic measurements will establish kaonic nuclei



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

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



Experiments at J-PARC K1.8BR

r Precision X-ray measurement
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Coulomb
Atomic state :{> C

K- nucleus potential

Nuclear state

] Vo+iWo

E31 E15/P89( |T77/E80

Reaction formation

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



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

small recoill
~ 200 MeV/c

reaction ’ K-pp”
— +

p detect with CDS

D==+1/2

v Effectively produce sub-threshold virtual K beam

v K- beam at 1 GeV/c to maximize elementary (K-, N) cross sections
v Most of background processes can be kinematically separated.

v Hyperon decays and multi-nucleon absorption reactions

v Simplest target allow exclusive analysis.



J-PARC K1.8BR
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primary
proton beam

- Relatively short beamline suitable for low-momentum K- beam



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

PTEP 2015, 061D01 (2015)
Binding Energy [GeV]
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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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9 “quasi-free” process
intermediate K exist!
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*‘KNN" model fitting

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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(K-, n) reaction on other targets ]

_K d A(1405)

O + rm + 39 x 10° K- @ E3]
Physics Letters B 837 (2023) 137637
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A dn event selection
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KNNN Preliminar result

18

3He . - (n)

3 3132333435363738
M, (GeV/c®) / 40 MeV

O +
PLB789(2019)620
1.0
Q
>
Q
O,
0.5
o
0.0
2.0 2.2 2.4 2.6
u M [GeV/c?]

UOI109.J09 9our1dadoe 810J8(

\_

- Two disributions are quite similar
. structure below the threshold, QF-K-, and broad background
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KNNN: Preliminary result

2D fit on the (M,q) space with simlar shapes to E15b:
“KNNN" Breit-Wigner wtih Gaus. form factor, Broad BG and QF-K-
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Binding Energy (MeV)
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Comparison with theoretical calc.
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he binding energy Is compatible with theoretical predictions

. "KNNN" system might have larger binding than “KNN”

- Experimental width is larger than theoretical predictions.
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Comparison with Sekihara calc.

0 T. Sekihara, E. Oset, and A. Ramos, JPSCP 26 (2019) 023009

mg + 2my Theory (A) e
Theory (B) ---
Exp.(all-BG) —@—

n(py) pP@E,) APy)

)]
o

A A

o

o)
o

Calculated spectra

N
o

E15 data

do/dM,, [ub/GeV ]

—
o
T

2.2 2.25 2.3 2.35 2.4 2.45 2.5 2.55 2.6
M,, [GeV]

- Good agreement in the mass spectrum.
(although 1t failed to explain experimental g spectrum)

. Detailed comparison with theoretical spectrum is important



New project



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
- need neutron detection | P

- Spin-parity measurement:

. Spin-spin correlation between A and p

- need polarimeter for proton

- — B

4 p

T IS T
p Ka p n K& p n K8

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




How compact Is the

. Momentum-transfer distribution T a7 <m <237 Geme

. large S-wave gauss. form factor < sof -
S |

- Q ~ 400 MeV/c s |
520_
g I
B t

- - neutron = 101
Decay branching ratio detection

. KNN — AN vs. KNN — a¥N,, ¥* — z{n)
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system’?

Phys Rev C102(2020)044002

T. Sekiharaetal., T T==<l__
Phys. Rev. C 86 (2012) 065205
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Mesonic Decay Analysis with the

KNN
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do/dM [nb/(MeV/c?)]
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— _ Recently published!
KNN MGSOI’]IC deCay T. Yamaga et al.. PRC 110. 014002 (2024)
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. Mesonic spectra could be consistently interpreted with the “KNN”
component obtained in the Ap channel.

. > I

non—mesonic

EOniE although phase-space and acceptance are limited:--
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How compact Is the system?

P. Kienle et al., PLB 632 (2006) 187-191

ppnK- (T=0 ppnK- (T=0) > A+p+n

Z 2 X

e,
"2y

1N absorption

forward TOF

- Momentum of the "spectator” nucleon should reflect the
system size.

.- Better to use missing method with forward neutron detection



BE (MeV)

How general are the Kvrar-nuclei?

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

100 -
Phenomenological == | Model dependence
= — (E-dep. of KN int.
Chiral SU(3) based .
>0 P | By 1IN system
0 T 2 3 4 5 6
A

. K~ +“*He —» KNNN

forward TOF
. K~ +SLi — RNNNN +(d)
. K~ +7Li - KNNNNNN +

Exclusive analysis becomes difficult.— Inclusive + tag.



x 1.6 larger solid angle (59%—93%)
x4 higher neutron detection eff. (3cm—12cm)
(oroton polarimeter, forward TOF detectors)
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Constructlon status

Prototype @ Ki. 8BR June

- JFY2024: Complete solenmd

. JFY2025: Start installation
. JFY2026: First beam !1?




Summary
- Outputs with the E15-CDS (Doraemon) 2013~

. Demonstrated the advantage of in-flight (K~, n) reaction

. KNN — Ap signals are observed PLB789(2019)620., PRC102(2020)044002.

. A(1405) strongly couples to KN Physics Letters B 837 (2023) 137637

. hints of KNN mesonic decay and KNNN — Ad
PRC110, 014002 (2024).

- Expected outputs with the new solenoid (Dorami): 2026~

. KNNN — Ad, Apn < J-PARC E80
. KNN(I, = — 1/2) - An,n~Ap

. KNN: spin-parity

- spatial size/density via decay branches and kinematics

31
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