
ECT* workshop 
2022.10.17 — 21

Result of  search at J-PARC 
and future projects

K̄NN

Takumi Yamaga (RIKEN)



The lightest -nucleusK̄
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ground state

 - K−pp K̄0pnIz = + 1/2

 - K−pn K̄0nnIz = − 1/2

We observed signal 
 in J-PARC E15
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shallow bound?
N. Shevchenko, Few-Body syst. 61 (2020) 27



 studies at J-PARCK̄NN

Future,

J-PARC P89

We will measure,

Spin-spin correlation of  
to determine 

Λp
Jπ

(m, q) distribution of  &  pairs 
 to search for 

Λn Σ−p
K̄NN(Iz=−1/2)

new CDS @ modified K.18BR
(8 weeks  90 kW)⊗

So far,

We observed a signal of 
 K̄NN(Iz=+1/2) → Λp

J-PARC E15



J-PARC E15

Beam spectrometer

Setup
Setup

3He n
K−

Forward spectrometer

Cylindrical detector system

Detector systemProduction reaction
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J-PARC E15
5

-target3He

CDC (tracker)

CDH (TOF counter)

Beam tracker
K−

p

n
Λ

π−

missing

p

・Measuring  invariant-mass 
                                  & momentum transfer

Λp

・Selecting  final stateΛp + nmiss

 ID by missing mass techniquenmiss

Cylindrical detector system
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Fit result
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What we observed
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K̄NN → Λp

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

8



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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Event selection for mesonic decay
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Event selection for mesonic decay

Setup

Cylindrical detector system

π−Σ+p nmiss+
In the case of

-target3He

CDC (tracker)

CDH (TOF counter)

Beam tracker
K−

p

n

π+

Σ+

n

π−

missing

→ π−(π+n)p
Detected with CDS

Almost no sensitivity, 
 but NOT zero
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Similar to Λp +nmiss
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The reaction could be understood as  production & quasi-free processK̄NN
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K̄NN → π+Σ−p

K̄NN → π+Λn

19



Fit result
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π−Σ+p +nmiss

π+Σ−p+nmiss

π+Λ n +nmiss
83.6 ± 12.0 μb

85.4 ± 21.2 μb

43.8 ± 9.6 μb

Preliminary

Preliminary

Preliminary

Λp +nmiss 9.3 ± 0.8+1.4
−1.0 μbc.f.

Γnon−mesonic ≪ Γmesonic

 would be  times larger than .Γmesonic 𝒪(10) Γnon−mesonic

But, other mesonic channels 
should be measured 
 to conclude the exact ratio.

@ nuclear dens.

Theoretical works
T. Sekihara et. al., PRC 86, 065205 (2012).

Γnon−mesonic ∼ Γmesonic/2
(depending on density)

To be compared in more detailed

Cross section of K̄NN
Statistical error only



Remaining questions

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

21



Future projects

bigger!
current CDS

New CDS

22



Conceptual design of new CDS

coil
return yoke

p

nK-
“K-pp” formation

“K-pp” decay
p -recoil

p

polarimeter
tracker stack

0 1m

CDC

inner Z trig

DEF

Cap
hodoscope

BDC

>90% solid angle coverage

Neutron detection capability

Sensitivity for proton polarization

Construction has been started 
(Completed in 2025)
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Programs for -nucleiK̄
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

24

J-PARC P89



Search for K̄NN(Iz=−1/2)



 production by  reactionK̄NN 3He(K−, N)

K− p

K−

3He
p

p

K̄NN
n Iz = − 1/2

 is produced.(K̄NN)Iz=−1/2

with  reaction(K−, p)

K− n

K̄
3He N

N

K̄NN
p Iz = + 1/2

 is produced.(K̄NN)Iz=+1/2

with  reaction(K−, n)

 & K−n → K−n K−p → K̄0n K−p → K−p
4.7 mb/sr 2.4 mb/sr 1.8 mb/sr



Production cross sections
27

9.3 μb
Measured in E15

 σK̄NN(Iz=+1/2) ⋅ BrΛp  σK̄NN(Iz=−1/2) ⋅ BrΛn

0.5 μb
 JP = 0−

7.0 μb
 JP = 1−

The relative yield of   states is also a good indicator for Iz = ± 1/2 Jπ



Expected spectra of  ( )(K̄NN)Iz=−1/2 Jπ = 0−
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Summary
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Future

J-PARC P89

We will measure,

Spin-spin correlation of  
to determine 

Λp
Jπ

 distributions of  &  pairs 
 to search for 

(m, q) Λn Σ−p
K̄NN(Iz=−1/2)

new CDS @ modified K.18BR
(8 weeks  90 kW)⊗

So far,

We observed a signal of 
 K̄NN(Iz=+1/2) → Λp

J-PARC E15
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