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Introduction

K-meson Clusters
K-pp
A*(1405)p

EO5: 12C(K-, p) analysis

—-clusters

—-n bound state

EO05: 12C(K-, K*) =hyp.



CLUSTERS AT HADRON LEVEL

> Hadrons = Clusters of Quarks

> No single quark in vacuum : quark has color Quark Confinement

> No (gq) cluster in vacuum & di-quark cluster in gqq, ...
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> Baryons (qqq) + Mesons (qq)

— total fit |
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> But why not ggqq, ggqgqq at quark level : Exotic Hadrons

> Recent observations of Pc, X(3872), d*(2380), etc.
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> We can have "Hadron Clusters” as bound states of hadrons

myp [MeV]



" ‘ BO1 /T. Nagae
M (K) IN NUCLEl & A (A*) IN NUCLEI
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HADRON CLUSTERS

2 Binding mechanism : Hadron-Hadron Interactions

K in Nucleus 4/

NA* in Nucleus

1/2-

' O
K-pp cluster N* cluster



K-MESON CLUSTER (
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COMPARISON WITH
=z INCLUSIVE (K-,N) SPECTRA

Inelasticity

Binding Energy [GeV
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Simulation

Similar Talil
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THEORETICAL
ANALYSIS:
GREEN'’S
FUNCTION
METHOD

d?o/dQ/dM [ub/sr/5MeV]

d?o/dQ/dM [ub/sr/5MeV]

Best fit: Vo=-80 MeV, Wy=-40 MeV

U(’I“, E) = (Vo -+ iWOfphase(E))
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A long tail inconsistent with QF peak
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How about enhancing the 2N/ 1N ?
A

{— 1N22N=0:100 | A F[— 1N:2N = 0:100
— 1N:2N=5050 | [ | E[— 1N:2N = 50:50
— 1N:2N = 80:20 [ — 1N:2N = 80:20
— 1N:2N = 100:0 F[— 1N:2N = 100:0
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SIMULATION SIMULATION COMPARISON WITH DATA
TN :2N =0:100 \ETe]aliil=Ye Not reproduced well even with 2N
only.
50:50
80:20

100:0
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With (Vo, Wo) = (-80, -40) MeV
a bound state really exist !!

Hard to see as a peak with Wy=-40 MeV

We can see only as a tail

(a) (b)
10E
1 Total C
— 50 1p, , proton hole, kaon s-state — 9;—
% - 1p3/2 proton hole, kaon p-state % 8 z_
% 40: ——— 1s,, proton hole, kaon s-state ,pe % 75_
(9] 1 — 131/2 proton hole, kaon p-state (7))
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Suppress the K escaping part.




Beyond EOQ5

K- +12C— p+ My Be/1Ta«Be

A-dep. of binding energy
= A+p+X Decay modes
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=-CLUSTER

J-PARC EO5 by S. Kanatsuki




S=-2 EMULSION EVENTS

H. Takahashi etal., PRL87,212502 (2001) | K. Nakazawa et al., PTEP33, D02 (2015)
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NEW EVENTS IN EO7
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H. Ekawa et al., PTEP 2019, 021D02.
Mino Event ApBe




J-PARC E/0 SDC pins

AC
> Stage-2 approved for 12C target run T Ap/p=10X
| (FWHM)
> Active fiber target (CH) K1.8 beam-line
spectrometer
> AE<2 MeV, > 100 peak counts
S-2S magnets: QQ
> With CD; target, we could take D'
d(K-,K+) (=-n) data to search for (=n). |

Quadrupoles
Field Gradient (T/m) 8.72 5.0
Weight (ton) 37 12

Aperture (cm) 31 36

Current (A) 2500 2500

Power (kW) 400 156




=n BOUND STATE IN ESC08 MODEL

D* : a deu n like

> =n (354, [=1)
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—nergy Spectrum of B=2,

bound H unstable H
AV ' =N

S=-2

N2

systems
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EO5 ANALYSIS

2C(KK*) at 1.8 GeV/c
26-Oct-2015 ~ 19-Nov-2015
K- intensity : 6x10° K- / spill
(5.52 seconds cycle) @ 39 kW
9.36 g/cm? "eiC; 10 days

9.54 g/cm? CH,; 2 days
EOS Setup

AQ =110 msr, Ap/psks = 3 x 1073,
AE = 5.4 MeV(FWHM) for Kp—K*" =",

Best performance for the (K',K*) reaction




EO5 : (K, K*) ANAYSIS
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IZC(K_, K+)
1.8 GeV/c
3-7 degree
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EO5 : (K, K*) ANAYSIS
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> Comparison with BNL E885 data with cross
section basis.

PC(KKY)

> Please note that the BNL AE=14 MeV, so that 18GeV/c BNLE885: hist.

an enhancement at 27 MeV was smeared out.
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> ESCO8c wv.s.

HAL QCD

> Lightest =-hyper nucleus ? NNN=z=

HAL QCD

THEORETICAL MODELS
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Kaonic Nuclei vs A*(1405)-nuclei
SU MMARY Shallow Deep

Both states are Broad ~100 MeV.

Future directions :
— Bg or Bax A-dependence
—  Br(n2N)/ Br(Ap, 2p) ?

—-hyper nucleus vs H-nucleus

Lightest =-hypernucleus




