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We observed signal 
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J-PARC E15
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Beam spectrometer

3He n
K−

Forward spectrometer

Cylindrical detector system

Detector systemProduction reaction

K− n
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K̄NN
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Exclusive invariant-mass spectroscopy

To select  final state 
To measure  invariant-mass & momentum transfer

Λpn
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Model functions
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Fit result
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What we observed
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K̄NN → Σ0p QF-  absorptionK̄

BG

mK̄ + 2mN

The peak position does not depend on .q
It should be resonance.

QF-  absorption process is clearly observed.K̄
Intermediate-  exist during the reaction.K̄

The peak position is below the .MK̄NN

We interpreted it as  signal.K̄NN

BE = 42 ± 3 (stat.) +3
−4 (syst.) MeV

Γ = 100 ± 7 (stat.) +19
−9 (syst.) MeV

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



Compare to theoretical calculation
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Fig. 3. Comparison between theoretical and
experimental results of the Λp invariant mass
spectrum dσ/dMΛp for the K−3He → Λpn
reaction in the momentum transfer window
350 MeV/c < qΛp < 650 MeV/c. For the ex-
perimental data we subtract the background con-
tribution in the experimental analysis [9].

spectrum strongly suggests that the K̄NN bound state was indeed generated in the J-PARC E15
experiment.

4. Summary

In this manuscript we have investigated the origin of the peak structure of the Λp invariant mass
spectrum near the K−pp threshold in the K−3He→ Λpn reaction, which was recently observed in the
J-PARC E15 experiment. For this purpose, we have calculated the cross section of the K−3He→ Λpn
reaction and Λp invariant mass spectrum based on the scenario that a K̄NN bound state is generated
and it eventually decays into Λp. As a result, we have found that the behavior of the calculated dif-
ferential cross section d2σ/dMΛpdqΛp is entirely consistent with the experimental data. In particular,
the peak for the quasi-elastic scattering of the K̄ at the first collision in the Λp invariant mass spec-
trum, which exists above the K−pp threshold, is highly suppressed when we restrict the momentum
transfer to the region 350 MeV < qΛp < 650 MeV, as done in the experimental analysis [9]; with
this cut only the peak for the K̄NN bound state below the K−pp threshold survives. Furthermore,
throughout a wide range of the Λp invariant mass, our calculation reproduces almost quantitatively
the experimental mass spectrum with the momentum transfer cut. These findings strongly suggest
that the K̄NN bound state was indeed generated in the J-PARC E15 experiment.
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Remaining questions
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Is the observed resonance really what we expected?

Other possibilities such as ?Σ*N

Does  really keep it particle identity?K̄

We need further systematic measurements 
to answer the questions & to robustly confirm -nuclei.K̄

Precise study for K̄NN Search for heavier -nucleiK̄



Ongoing analysis for -nucleiK̄
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Talked by R. Murayama

New results are coming soon.



Future experiments
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bigger!current CDS

New CDS



Conceptual design of new CDS
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Construction has been started 
(Completed in 2025)



Programs for -nucleiK̄
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Heavier system

 (I=0)K−ppn − K̄0pnn

 systemK̄NNN

 reaction 4He(K−, N)
Door to heavier system

-K− α

 systemK̄NNNN

 reaction 6Li(K−, d)
-K̄0 α

Expected large B.E. & high density

 systemK̄NN

Measuring  & dσ/dq αΛp

 determinationJπ

To confirm the existence 
more robustly

 decayK̄NN → Λn

Search for (K̄NN)Iz=−1/2

Isospin partner of observed K̄NN

Non-mesonic 
, , Λp Σ0p Σ+n

Decay branch
Mesonic 

, πΛN πΣN

Lighter system

Λ(1405)

 reaction 
  decay  

& 
  decay as well

d(K−, n)
π±Σ∓

π0Σ0

with wider q-region



Determination of  for Jπ K̄NN



Internal configuration & Jπ
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No bound due to none of  componentIK̄N = 0
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—

Possible internal configurations have different .Jπ



(Σ*N)I=1/2

Jπ = 2+
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1
2 [SΛp = 1] + 1

2 [SΛp = 0]

αΛp = ± 0

How to determine JP
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⊗

(K̄[NN]I=1)I=1/2

Jπ = 0−

[LΛp = 1]

[SΛp = 1]
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αΛp = + 1

(K̄[NN]I=0)I=1/2
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[LΛp = 1]
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αΛp = + 1/3
Spin alignment αΛp

Three different internal configurations can be distinguished by .αΛp



— Spin alignment measurement by  & -  scattering —Λ → pπ− p C

Measurement of αΛp
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-spin estimation 
by  asym.
Λ

Λ → pπ−

-spin estimation 
by -  scat. asym.
p

p C

ϕΛpϕΛp Spin-spin correlation on -asymmetryϕ

N(ϕΛp) = N0 ⋅ (1 + r(JP) ⋅ αΛp cos ϕΛp)

 : asymmetry reduction factor defined by;r(JP)

 :  asym. parameterα− Λ
 : Analyzing powerApC
 : Spin distributionf ⃗S Λ

 : Magnetic fieldB
 : Binding energyBK̄

 : Momentum transferq
K̄NN



Expected  distributionsϕΛp
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Summary
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We observed the first clear 
signal of  in J-PARC E15K̄NN

We would like to robustly confirm 
the existence of -nuclei 

& 
clarify their internal structure

K̄

New experiments will 
(hopefully) start from 2026



Are you interested in? Join us!



Thank you for your attention!
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