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The simplest kaonic nucleus KNN(I = 1/2)

KN interaction

Known to be strongly attractive (KN = 0) channel)
from K-p atomic X-ray shift and low energy K- p scattering data

The simplest kaonic nucleus KNN{ = 1/2)
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Experimental results of KNN search

Signal Present
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Study for KNN with various beams
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Study for KNN with various beams
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Study for KNN with photon beam
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Study for KNN with photon beam

d(y, K*7z7)X

P, =15-24GeV/c
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Decay modes of KNN state

¢ non-mesonic decay mode ,q . KYKNN), ; — K°Ap

AT

First step of LEPS2 Missing mass

%KNN _>T
\

P
Detected by TPC

¢ mesonic decay mode

A7nN, 2zN
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What's LEPS2 Experiment ?
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LEPS2 Beam Line

2nd Laser Electron Photon beam line at SPring-8
Photon beam produced via the laser-induced Compton scattering

C ol elect fRecoiI electron
eV electron taqai
‘ \ (tagging) |, Energy 1.3 —2.4 GeV
Backward Compton
\ Scattering « AE 12 MeV
‘o,

. Intensity 2.3 x 10° cps
NIMA 1033(2022) 166677

LEPS2 solenoid
spectrometer
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LEPS2 Solenoid Detectors

TPC : Time Projection Chamber

AC : Aerogel Cherenkov counter
W8 (:N0N Barrel RPCs RPC : Resistive Plate Chamber

d Magh DC  : Drift Chamber

4

DCs
| ee veto

Acceptance
7°— 30° (Charged particles by DC)
SICUKCRLLCEN  40° — 110° (Charged particles by TPC)
HREAE  40°— 110° (y-rays)

0°— 12° (neutrons) @
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LEPS2 Detectors in the side region

Data taking in 2022 - 2023 0% e
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Particle Identification using TPC&BRPC
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LD> Data Analysis
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Select the events that has three tracks

(2p, © ™) in sideway region( 6; ;, > 40°)
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Selection of the ApK" Events

Barrel Gamma

To eliminate background events

- Vertex information(z—p, Ap)

Gamma Beam [target
(A flight length > 18 [mm])

- Barrel Gamma information
(remove y tracks events)

- Forward Start Counter information
(remove forward charged particles events)
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Selection of the ApK"

- Vertex information(z—p, Ap)

(A flight length > 18 [mm])

- Barrel Gamma information
(remove y tracks events)

I
l

5
=

- Forward Start Counter information
(remove forward charged particles events)
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The Invariant Mass of Ap in yd — ApK"

The Invariant Mass of Ap
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Momentum Transfer Distribution

d(y, Ap)K’ Detected A and proton
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. We search for the KINN state in photoproduction.

. Large-acceptance LEPS2 solenoid spectrometer is best suited for the KNN search
with the detection of all decay particles, such as Ap.

> We collected the physics data with LH2 and LD> target.
. We can select the yd — ApK? events
> A concentration of events is observed below the mass threshold of K-pp

> We plan to open the final results after verifying the photon beam and
momentum measurement, studying background reactions, and optimizing the
background reduction criteria.
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Back Up
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Theoretical prediction of KNN state

Work B [MeV] | T [MeV] | Method Type of potential = 250
Barnea et al. [106] 16 41 Variational chiral >
Dote et al. [107 17-23 40-70 | Variational chiral Q
Dote et al. [108 14-50 16-38 ccCSM chiral
Ikeda et al. [109] 9-16 34-46 Faddeev chiral 2
Bayar et al. [110] 15-30 75-80 | Faddeev chiral .
Sekihara et al. [111] | 1520 | 70-80 | Faddeev chiral [~ 200
Yamazaki et al. [112] 48 61 Variational phenomenological
Shevchenko et al. [113] 50-70 90-110 Faddeev phenomenological
Tkeda et al. [114] 60-95 45-80 Faddeev phenomenological
Wycech et al. [115] 40-80 40-85 | Variational phenomenological
Dote et al. [116] 51 32 ccCSM phenomenological
Revai et al. [117] 32/ 47-54 | 50-65 Faddeev | chiral/phenomenological 150

Laura Tolos and Laura Fabbietti,
arXiv:2002.09223v1 (2020)

100
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Theoretical prediction of B.E. and I' depend on B.E. [MeV]

the KN interaction and theoretical framework.
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Study of KNN with various beams

KNN state is produced
from the A(1405) doorway process

Momentum Transfer @ O degree d(}/ . Ap)KO
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LH> Data Analysis

Detected by TPC & BRPC Mom < 0.4 GeV/c
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The Performance of LEPS2TPC
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Two tracks vertex

Empty target

LHZ target
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Particle Identification

LTPC(dde | Hl) — eXp_ 262 LTOF(TOF | Hl)
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Toy MC
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Toy MC

using continuous photon beam
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Toy MC all Eg | Detected in side region
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Geant4

Q Plot (Uniform Phase Space)
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Geant4

survival ratio

3 w
- 5
- ¢ Number of events in Analysed
- After Analysis B Noobo ofevents i Total < 100
i Y Number of events in Total
251~ 2 = 2.5
21~ B
1.5 i
5_ 1.5
il I
0.5 N
n 0.5
] N 0.5
0—111llllllIlllllllllllllllllllllllllllllllllllllll L
2 21 22 2.3 2.4 2_5 2.6 2_7 2.8 2_9 3 0lllllllllllllllllllllIlllllllIllllllllllllllIllll
M(pA [GeV/c?] 2 21 22 23 24 25 26 27 28 29 3
X-axis

R.Kobayakawa(RCNP)

HIN2025@Kyoto 2025/04/02-04 kobaryo@rcnp.osaka-u.ac.jp


mailto:kobaryo@rcnp.osaka-u.ac.jp

Geant4 NR process
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Toy MC
proton is spectator

Fermi Momentum Magnitude Lambda proton Momentum vs Invariant Mass
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Toy MC
2 Step process

Detected In side region oo
proton 40°~ 110° :
Lambda 40°~ 110° 7 gy
Mom_p > 0.2 GeV/c v B )
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Mass resolution
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Tagger Rate
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E. =16 [V/mm] if(R < 140 [mm])

E = (0,0.E.) » E = (E(nsing, E(r)cos ¢, Ey)

Beam E(r) = —0.00024417* + 0.06841r — 4.816

equipotential lines

17 tpe_IVEs res_oiv:trkcs fp_NEs ayor (ks omoe_levedesO8 A0a. pe_hitsdD size()s 6]

-
o

— 8
= 6
£, 4
Feedback Ip = :
> :
® 00 0 00O Ccnscewire O 2
» R e .
6 -
-E_r [V/mm] ¥ l
1 TPC layer
The electric field is manually adjusted
% so that the center of the residuals
of the predicted position, obtained from the outer hits, is zero.
03 ’
]
. y = 0.0002529722 x* - 0.0703169178 x + 4.8999812688 C

R%=0.9978163542
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analysis by various reactions
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L4
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A(1405)

N*
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Photoproduction of KtA(1405) — K*7°2? extending to forward angles and low
momentum transfer

G. Scheluchin,1=U S. Alef,! P. Bauer,! R. Beck,? A. Braghieri,® P. Cole,* R. D. Salvo,® D. Elsner,!
A. Fantini,>® O. Freyermuth,! F. Ghio,”® A. Gridnev,® D. Hammann,I’ J. Hannappel,! T.
Jude,! K. Kohl,' N. Kozlenko,? A. Lapik,'® P. L. Sandri,!! V. Lisin,'° G. Mandaglio,'*'* R.

Messi,ﬁ""*m D. Moricciani,® A. Mushkarenkov,'® V. Nedorezov,'” D. Novinsky,? P. Pedroni,® A.

Polonski,!’ B.-E. Reitz,lfm M. Romaniuk,® % H. Schmieden,! V. Sumachev,”H and V. Tarakanov?

(BGOOD Collaboration)
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Role of a triangle singularity in the yp — K*A(1405) reaction
PHYSICAL REVIEW C 95, 015205 (2017)

En Wang
Department of Physics, Zhengzhou University, Zhengzhou, Henan 450001, China

Ju-Jun Xie
ves, Lanzhou 730000, China

Institute of Modern Physics, Chinese Academy of Sciences

Wei-Hong Liang

s, Guangxi Normal Universi

Department of Physics ty, Guilin 541004, China

Feng-Kun Guo
CAS Key Laboratory of Theoretical Physics, Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100190, China
Eulogio Oset
Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China
versidad de Valencia-CSIC Institutos de Investigacion de Paterna,

and Departamento de Fisica Teorica and IFIC, Centro Mixto Universi,
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N* process
v(p+) K (k) ..e :
—if = I—Cyvél(y) %
1

0. K*(P - q) > o o
sV (V=2Cw )] |

—0.3 — 051, IN*Nw = —1.1 — 041,

N*(2030) -~
2(q) > g

A(1405) gnng = 1.5+ 0.6i, gngz =3.9+0.2i.
(NV:isospin basis)

< ——

P

Eur. Phys. J. A 44, 445-454 (2010)
Dynamically generated resonances from the vector octet-baryon 9 YN,N* = Z C7vg N*NV
octet interaction V=p2w,o
E. Oset’ and A. Ramos™* 1 [F1 1 1
= ﬁ (%QN*N/)) + mgN*Nw ~ 3INNG
(—: proton, +: neutron)

_ 1
PN = \[!p n \ﬁlp"p)
B

Yl =+[ Pn)|- /2 10 [ - ]
Wyt 2.5

—|I=1,1 = +1)]
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Photoproduction of K A(1405) — K750 extending to forward angles and low momentum

BGOOD Collaboration = G. Scheluchin (Bonn U.) et al. (Aug 27, 2021)
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Estimation of the KNN yield

=

O\l)ldentification by missing mass

’ Y(KNN — Ap mode)

= #photons (5.7 x 10'%(2022 — 2023))

Ve
K
(N

g

Detected byTPC
x #deuterons( 6.7 x 10?%) 14 cm LD target

X ORNN—Ap (7.5 — 75 nb)

/\
Oyn—KOA(1405) - (0.1 =1 ub) Ref.E27
x the Probability of A*p — (KNN) — Ap(7.5%)

x Geometric acceptance (~ 5%)

~ 3000 events(if oy, ., = 15nb)
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KO polar angle
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Real Data

proton > 0.5 GeV/c
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Lambda Flight length cut
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