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The J-PARC E15 experiment
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We observed the first clear signal of .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
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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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Other decay channel of K̄NN
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Fig. 1. a) 2D event distribution plot on the M (= IM!p ) and the momentum transfer q (q!p ) for the !pn final state. The M F (q) given in Eq. (2), the mass threshold M(Kpp), 
and the kinematical boundary for !pn final state, are plotted in the figure. The lower q boundary corresponds to θn = 0 (forward n), and the upper boundary corresponds to 
θn = π (backward n). The histograms of projection onto the M axis b), and onto q axis c) are also given together with the decompositions of the fit result.

tation. On the other hand, the distribution centroid of M above 
M(Kpp) depends on q, and the yield vanishes rapidly as a function 
of q. The centroid shifts to the heavier M side for the larger q, sug-
gesting its non-resonant feature, i.e. the propagator’s kinetic energy 
is converted to the relative kinetic energy between ! and p, near 
the lower q boundary. Thus, the most natural interpretation would 
be non-resonant absorption of quasi-free ‘K ’ by the ‘N N ’ spectator 
(QFKA) due to the final state interaction (FSI). This process can be 
understood as a part of the quasi-free K reaction, in which most 
K s escape from the nucleus, as we published in [21]. Note that 
there is another change in event distributions at M(Kpp), i.e., the 
event density is low close to the θn = 0 line below M(Kpp), while 
it is high above M(Kpp) (this point will be separately discussed in 
the last section).

This spectral substructure is in relatively good agreement with 
that of Sekihara–Oset–Ramos’s spectroscopic function [23] to ac-
count for the observed structure in [22]. Actually, their spectrum 
has two structures, namely A) a “K −pp” pole below the mass 
threshold M(Kpp) (meson bound state), and B) a QFKA process 
above the M(Kpp). Thus, the interpretation of the internal sub-
structures near M(Kpp) is consistent with their theoretical picture.

3. Fitting procedure

We first describe what we can expect if point-like reactions 
happen between an incoming K − and 3He, which goes to a !pn
final state. The events must distribute simply according to the !pn
Lorentz-invariant phase space ρ3(M, q), as shown in Fig. 2a. We 
fully simulated these events based on our experimental setup and 
analyzed the simulated events by the common analyzer applied 
to the experimental data. The result is shown in Fig. 2b, which 
is simply E(M, q) × ρ3(M, q), where E(M, q) is the experimen-
tal efficiency. One can evaluate E(M, q) by dividing Fig. 2b by 
Fig. 2a bin-by-bin, which is given in Fig. 2c. As shown in Fig. 2c, 
we have sufficient and smooth experimental efficiency at the re-
gion of interest, M ≈ M(Kpp) at lower q, based on the careful 
design of the experimental setup. On the other hand, the efficiency 

is rather low at the dark blue region and even less toward the 
kinematical boundary, as shown in Fig. 2c. If we simply apply the 
acceptance correction, the statistical errors of those bins become 
huge and very asymmetric. This fact makes the acceptance correc-
tion of the entire (M, q) region unrealistic. Therefore, we applied 
a reverse procedure, i.e., we prepared smooth functions f{ j}(M, q)

(to account for the j-th physical process) and multiplied that with 
E(M, q) × ρ3(M, q) (= Fig. 2b) bin-by-bin. In this manner, one 
can reliably estimate how the physics process should be observed 
in our experimental setup, and this permitted us to calculate the 
mean-event-number expected in each 2D bin. The three introduced 
model functions (at the best fit parameter set) are shown in Fig. 3.

A very important and striking structure exists below M(Kpp), 
which could be assigned as the “K − pp” signal. To make the fitting 
function as simple as possible, let us examine the event distri-
bution by using the same function as was applied in [22], i.e., a 
product of B.W. depending only on M , and an S-wave harmonic-
oscillator form-factor depending only on q as:

f{Kpp} = CKpp
(
%Kpp/2

)2

(
M − MKpp

)2 +
(
%Kpp/2

)2 exp

(

−
(

q
Q Kpp

)2
)

, (1)

where MKpp and %Kpp are the B.W. pole position and the width, 
Q Kpp is the reaction form-factor parameter, and CKpp is the nor-
malization constant, as shown in Fig. 3a.

A model-function of the QFKA channel, f{Q F KA} (M, q), is intro-
duced as follows. As described, we assume that a ‘K ’ propagates 
between the two successive reactions. It consists of 1) K −N →
‘K ’N and 2) non-resonant ‘K ’ + ‘N N ’ → ! + p in the FSI. When the 
‘K ’ propagates at momentum q as an on-shell particle in the spec-
tator’s rest frame (≡ laboratory-frame), then the resulting invariant 
mass M (≡ I M!p(‘K + N N ’)) can be given as:

M F (q) =
√

4m2
N + m2

K + 4mN

√
m2

K + q2, (2)
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Can be explained by the same manner

mK̄ + 3mN



Short summary so far
21

K−+3He→Λp+n

Signal of K̄NN

K−+3He→πYN+n

ΓπYN ≫ ΓYN

K−+4He→Λd+n

Signal of K̄NNN

Let’s move to the next stage!

by T. Hashimoto @ HYP2022



Future project
== Systematic measurement for kaonic nuclei ==



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

23

J-PARC E80

J-PARC P89



current CDS New CDS

TrackerNeutron counter & polarimeter
Superconducting solenoid magnet

Construction has been started 
(Completed in 2025)



Modification of K1.8BR beam line
25

Current K1.8BR

PTEP 2012 (2012) 02B011

Remove
d

BHT

D3
S3

Q7

D4

Q8

AC

CDS

T0

Target
DEF

Conceptual design in E80 proposal
https://j-parc.jp/researcher/Hadron/en/pac_2007/pdf/P80_2020-10.pdf

Planned modification

times -beam intensity @ ∼ 1.4 K− pK = 1 GeV/c
with keeping beam focusing.

https://j-parc.jp/researcher/Hadron/en/pac_2007/pdf/P80_2020-10.pdf


Expected results
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mK̄ + 3mN

Simulation
mK̄ + 3mN

Simulation

K̄
N N

N
+Λ d K̄

N N

N
+Λ p + n



Expected results
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Summary
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



= The J-PARC E15 collaboration =

Thank you for your attention!
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