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Studies of -nuclei @ J-PARC so farK̄
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What we measured
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Result of E15
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BE = 42 ± 3±3
−4 MeV

Γ = 100 ± 7+19
−9 MeV



PPNP 113 (2020) 103773

E15 result & Theor. calc. are consistent. 
The most natural interpretation is that the peak is a signal of .K−pp
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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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E15 data

Calculated spectra

E15 result & Theor. calc. are consistent. 
The most natural interpretation is that the peak is a signal of .K−pp



Internal structure of K−pp
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Comparison between 
E15 & E27



J-PARC E15 J-PARC E27
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J-PARC E15 J-PARC E27

Different state? Need more precision
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E31 : pK = 1 GeV/c
(Study for  by the  reaction)Λ(1405) (K−, n)

P90 : pK = 1.4 GeV/c
(Study for  cusp by the  reaction)ΣN (K−, π−)

J-PARC E27
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The  reaction can be similarly used.(K−, π−)

Results with the  reaction will come in the future.(K−, π−)



Momentum transfer in each reaction
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Wide q-region is covered.

Measurement is done 
 with different detector systems.

J-PARC HEF is suitable & unique 
facility to study for kaonic nuclei.



Another possibility to study K−pp
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https://j-parc.jp/researcher/Hadron/en/pac_2007/pdf/LoI_2020-08.pdf

 :  —   is region of interest.pΛ 1.2 1.5 GeV/c
Enough yield is expected.

 scattering @ High-p beam-lineΛp

Moreover,

Parity might be determine by angular dist.



Internal structure of K−pp
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Although the most natural interpretation is ,K−pp

p pK−

Λ(1405)
p

Σ(1385)
p

 &  possibilities are  & NB = 2 S = − 1 K−pp Y*N

2.38

2.36

2.34m
(G

eV
/c

2 )

2.32

K̄ + N + N

Λ(1405) + N

Σ(1385) + N

−40 MeV

−15 MeV

+5 MeV

The internal structure of  will 
confirmed with systematic investigation.

K−pp

E15 result



To confirm existence of -nuclei more robustlyK̄

To confirm internal structure of -nucleiK̄

Systematic study for -nucleiK̄

More careful study for K−pp



(our) Future plan of 
 systematic investigation



What we need to investigate
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Internal structure of -nucleiK̄

Spin and parity

Existence of isospin partner of observed K−pp

K̄0nn

Existence of heavier kaonic nuclei

The next lightest system, K−ppn
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K̄NNN
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(next page)



Internal structure & spin-parity
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Deeper bound expected
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 JP = 1−

There are two possible  as for the  ground state.JP K̄NN

* Positive parity state should be higher excited state if exist. 



Proposed experiments
24

P89 Spin and parity

Search for K̄0nn → Λn/Σ−p

E80 Search for K−ppn → Λd/ΛpnP92 Search for K−ppn → Λd

with NewCDS

with CurrentCDS

(next page)

Dedicated to observe  
from its two-body decay

K−ppn

Reaction mechanism can be confirmed 
with  spectrometer∼ 4π

( )K−ppn → Λd → pπ−d

Decay branch ( ?)JP

Decay branch

 production by K−pp (K−, d)



NewCDS
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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

  acceptance for charged & neutron∼ 4π  Polarimeter system for -spin measurementp

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

*Design has been optimized.

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


K1.8BR beam-line modification plan
26
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AC

CDS

T0

Target
DEF

Conceptual design in E80 proposal
https://j-parc.jp/researcher/Hadron/en/pac_2007/pdf/P80_2020-10.pdfCurrent K1.8BR

PTEP 2012 (2012) 02B011

Remove
d

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


— Further investigation of  & Searching for lighter & heavier systems —K̄NN

New programs for kaonic nuclei
27

Lighter system

Λ(1405) = K−p

Heavier system

 systemK̄NNN

 systemK̄NNNN

 systemK̄αα

E80

 systemK̄NN

 determinationJP

Study for K̄0nn

Decay branch

Large Γ

Relation to Λ*

P89

P92



How to measure  / K̄0nn K−ppn



How to produce/detect  /  / K−pp K̄0nn K−ppn
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pK− = 1 GeV/c
+K− 3He

+ n
`` ’’K−pp

p
Λ

+ p
n

Λ
`` ’’K̄0nn

pK− = 1 GeV/c
+K− 4He + n

`` ’’K−pp

p
Λ

n or d



Expected spectra of K̄0nn
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We would observe distinct peaks of /K̄0nn → Λn Σ−p

By  decayΣ−p
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*Assuming  (strict case)JP = 0−

By  decayΛn



Expected spectra of K−ppn
31

 can be reconstructed by both  /  decay modes.K−ppn Λpn Λd

By  decayΛdBy  decayΛpn



How to determine  of JP K−pp



—  spin-spin correlation ( ) in  decay —Λp αΛp K−pp → Λp

How to determine JP
33

LΛp = 1
To make negative parity from Λp

SΛp = 1
To be J = 0

p

p p K−

p

ss

p

p n K̄0

p

ss+

αΛp = + 1
Spin parallel

p

p n K̄0

p

ss

LΛp = 1
To make negative parity from Λp

SΛp = 0 SΛp = 1+
To be J = 1

BR = 1/3 BR = 2/3

αΛp = + 1αΛp = − 1 +
Spin parallelSpin anti-parallel

We can deduce   from  measurement.JP αΛp

 JP = 0−  JP = 1−



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

How to measure spin-spin correlation
34

-spin estimation 
by  asym.
Λ

Λ → pπ−

-spin estimation 
by -  scat. asym.
p

p C

We can observe  from -distribution.αΛp ϕΛp

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



— To measure -asymmetry for  determination —ϕΛp JP

Expected spectra
35

We would exclude  with 95% confidence level from only -asym.JP = 1− ϕΛp
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Summary

J-PARC HEF is suitable & unique facility 
to study for kaonic nuclei.



Proposed experiments
37

P89 Spin and parity

Search for K̄0nn → Λn/Σ−p

E80 Search for K−ppn → Λd/ΛpnP92 Search for K−ppn → Λd

with NewCDS

with CurrentCDS

(next page)

Dedicated to observe  
from its two-body decay

K−ppn

Reaction mechanism can be confirmed 
with  spectrometer∼ 4π

( )K−ppn → Λd → pπ−d

Decay branch ( ?)JP

Decay branch

 production by K−pp (K−, d)
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