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We studied mesonic decay branches of the  quasi-bound state to understand its large decay width , which is twice as large as 
. To understand the large , we measured differential cross sections of the , , and  reactions. 

We evaluated decay branches of the  from a spectral decomposition with a simple model. The result indicates that  is twice as unstable as 
 due to the mesonic -absorption in the  channel. [Published on PRC 110 014002]

K̄NN ΓK̄NN ∼ 100 MeV
ΓΛ(1405) ΓK̄NN K− + 3He → π±Σ∓p + n′ π+Λn + n′ π−Λp + p′ 

K̄NN K̄NN
Λ(1405) K̄ IK̄N = 1

— Abstract —

— Introduction —

— Results & Discussions —
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— Objective of the Study —
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— Measured Reactions —

Measured channels
• π−Λp + p′ 
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Detected!

Missing!

— Summary & Outlook —

— Experiment —

Summary We measured differential cross sections of four  reactions. The  distributions are quite similar to the 
 channel. The  distribution shows  system couples to the  &  resonances. The mesonic and non-mesonic distributions 

can be consistently explained by  production & QF processes. We evaluated branching ratios of  by integrating the model distribution. The 
result indicates that  is twice as unstable as  due to the mesonic -absorption in the  channel. 

Outlook We have planned new experiments at the J-PARC Hadron Experimental Facility. The J-PARC E80 aims to search for the next lightest kaonic 
nucleus . The J-PARC P89 aims to search for the “ ”, and to determine  of . A new cylindrical detector system is under construction.

K− +3 He → πYN + N′ (mπYN, qπYN)
Λp + n′ mπY πY Λ(1405) Σ(1385)

K̄NN K̄NN
K̄NN Λ(1405) K̄ IK̄N = 1

K̄NNN K̄0nn JP K̄NN

— The Lightest Kaonic Nucleus,  —K̄NN



 is not measured.
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• Containing a -mesonK̄

• Formed by -int. in K̄N IK̄N = 0
Stronger attractive than NN int.!

•Deeply bound, so perhaps dense

Not only baryons!

Beyond normal nuclei!

Properties

— Event Selection —
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— Observation of the  (“ ”) —K̄NNI3=+1/2 K−pp
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• EK̄ ∼ 40 MeV

• ΓK̄NN ∼ 100 MeV
So large!  
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— Obtained Distributions —
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• 2D distributions are quite similar to the  channel. 

•C.S. are ~10 times larger than the  channel. 

•  &  are couples to  & .
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— Spectral Decomposition —
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Fit result

•  : K̄NN

•  Quasi-Free:

(ΓK̄NN /2)2

(mπYN − MK̄NN)2 + (ΓK̄NN /2)2 × exp (− q2
πYN

Q2̄
KNN )

exp − (mπYN − MF (qπYN))
2

σ0 + σ2 q2
πYN

× F (qπYN)
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Distributions can be explained in common.

— Branching Ratios of —K̄NN
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[⇡�⇤p]+pmiss, [⇡+⇤n]+nmiss, and [⇡⌥⌃±p]+nmiss were
�2/NDF = 275.5/118, 76.3/85, and 114.9/136, respec-
tively. The figures demonstrate that the proposed model
functions provide a good overall data description.

TABLE I. Parameters obtained by fitting.

Ai for (⇡
�⇤p) channel

AK 1140.5± 112.2

AF 1800.6± 77.0

AY ⇤ 1.4± 0.1

Ai for (⇡
+⇤n) channel

AK 2707.7± 467.3

AF 1557.5± 114.5

AY ⇤ 1.2± 0.4

Ai for (⇡
�⌃+p) channel

AK 2010.6± 57.3

AF 1167.9± 138.8

AY ⇤ 4.4± 0.6

Ai for (⇡
+⌃�p) channel

AK 2159.7± 150.8

AF 2583.9± 108.1

AY ⇤ 1.8± 0.2

parameters for ⇤(1405)

M⇤(1405) 1432± 5 MeV/c2

�⇤(1405) 49± 3 MeV/c2

In Figs. 11(c) and 11(d), the ⇤(1405) contribution in
the m⇡⌥⌃± distributions is well reproduced by a simple
Breit–Wigner function. The obtained mass and width
of ⇤(1405) are 1432 ± 5 MeV/c2 and 49 ± 3 MeV/c2,
respectively. These values are close to the pole posi-
tion deduced from the d(K�, n)⇡⌃ reactions, (m,�) =
(1418 MeV/c2, 52 MeV/c2)[18], and to the theoretically
predicted pole positions based on chiral unitary ap-
proaches, (1421�1434 MeV/c2, 20�52 MeV/c2) [19–24].

We examined the validity of the global fit using q[⇡YN ]-
sliced mass spectra, as shown in Figs. 12 and 13. The
model functions successfully reproduced the global struc-
ture of each sliced distribution except for the m[⇡Y ] spec-
tra near the K̄N threshold in the low-momentum-transfer
region of q < 0.3 GeV/c, as shown in Fig.13. This dis-
crepancy might arise from the e↵ect of the neglected
channel coupling with the K̄N channel (i.e., the K̄N
threshold cusp in the IK̄N = 1 channel recently reported
by the Belle collaboration [25]).

The total cross-sections of K̄NN decaying into each
mesonic decay channel, �tot

K̄NN
Br(⇡YN), were evaluated

by integrating the K̄NN fitting function over the entire
kinematical region including above the K̄ binding thresh-
old, mK̄ + 2mN , as summarized in Table II. We also
tabulated the branch below the mK̄ + 2mN threshold to
exclude the energy region where the spectral shape of
the fitting functions would become less reliable because

of threshold e↵ects. The values for non-mesonic decay
modes, K̄NNI3=+1/2 ! ⇤p and ⌃0p, were taken from
Ref. [2]. The values for the K̄NN ! ⌃+n and K̄NN !

⇡0⇤p channels were evaluated as Br(⌃+n) = 2Br(⌃0p)
and Br(⇡0⇤p) = 1/2Br(⇡+⇤n), respectively, on the ba-
sis of the isospin symmetry. The total non-mesonic decay
branch was then evaluated as the sum of the three non-
mesonic channels, the errors of which are the linear sum
of these three channels because the errors are correlated.

We found that the ratio of mesonic to non-mesonic de-
cay branches is O(10) if we integrate all mass regions.
The mesonic decay branch is still larger than the non-
mesonic one, even if we integrate below the K̄ binding
threshold. These results suggest that the mesonic de-
cay mode is the dominant decay branch of the K̄NN , as
expected from theoretical considerations.

The decay branches Br(⇡+⇤n) and Br(⇡⌥⌃±p) were
similar in magnitude in both integration ranges. The
results suggest that the mesonic decay modes coupled to
the IK̄N = 1 channel play a substantial role in the K̄NN
decay process. In addition, this coupling could explain
why the decay width of the K̄NN is much broader than
that of the ⇤(1405) resonance: the mesonic decay modes
with IK̄N = 1 contribute to the broadening of the K̄NN
decay width.

TABLE II. Cross-sections of each decay channel for K̄NN .
The first and second errors are statistical and systematic ones,
respectively. The K̄ binding thresholds for I3 = ±1/2 were
considered as mK� + 2mp and mK̄0 + 2mn, respectively. We
estimated decay branches for ⌃+n and ⇡0⇤p channels by as-
suming isospin symmetry.

�tot
K̄NN Br (µb)

Decay channel All regions Below the K̄
binding threshold

K̄NNI3=+1/2

⇤p 9.3± 0.8+1.4
�1.0 [2] 5.5± 0.5+0.8

�0.6

⌃0p 5.3± 0.4+0.8
�0.6 [2] 3.1± 0.2+0.5

�0.4

⌃+n(⇤)

(= ⌃0p⇥ 2)
10.6± 0.8+1.6

�1.2 6.2± 0.4+1.0
�0.8

total non-mesonic 25.2± 2.0+3.8
�2.8 14.8± 1.1+2.3

�1.8

⇡0⇤p(⇤)

(= ⇡+⇤n⇥ 1/2)
31± 5.5± 4.5 7.8± 1.4± 1.1

⇡0⌃0p NA NA

⇡�⌃+p 110± 8± 8 9.4± 0.4± 0.7

⇡+⌃�p 38± 3± 3 3.2± 0.2± 0.2

⇡+⇤n 62± 11± 9 15.5± 2.7± 2.1

⇡+⌃0n NA NA

⇡0⌃+n NA NA

total mesonic > 241± 20± 17 > 37.9± 4.1± 3.3

K̄NNI3=�1/2

⇡�⇤p 29± 3± 3 7.2± 0.6± 0.7

Assuming IsospinSymmetry

Assuming IsospinSymmetry

•  
— Mesonic branches are dominant. 

•  
—Both  &  are significant.

ΓπYN ∼ 10 × ΓYN

ΓπΣN ∼ ΓπΛN
IK̄N = 0 1

As expected

 contributions is larger than expected.IK̄N = 1

The large  would caused by .ΓK̄NN ΓπΛN

— Detector Systems —

Setup

Beam Spectrometer Cylindrical Detector System

 K−

 p

 π−
 π+

 Σ+

 n

 n′ 
Decay

Reaction

Tracker

Tracker

TOF counter

TOF counter

Tracker

Helium-3 target

 N′ 
 -beamK−

Reaction

Detected!

Detected!

Missing!

Measured particles Detected!

     π±Σ∓p + n′ → [π± (π∓n) p] + n′ 

     π+Λn + n′ → [π+ (π−p) n] + n′ 

     π−Λp + p′ → [π− (π−p) p] + p′ 

Missing!

Measurement
Momentum by Curvature

PID by TOF

Momentum by TOF 
Charge-veto by Tracker

•Charged:

•Neutrons:

Mesonic Non-mesonic 
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