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Kaonic 
Nuclei

Binding
Energy
[MeV]

Width
[MeV]

Λ(1405) = K−p 27 40

K−pp 48 61

K−ppp 97 13

K−ppn 118 21

Predicted from attractive �𝑲𝑲𝑵𝑵 interaction in I=0
Kaonic Nuclei

c.f. Nuclear Binding Energy
few MeV @ A = 2,3

PL7(1963)288., PRC65(2002)044005., etc.
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Theoretical Calculations on “K-pp”

�𝑲𝑲𝑵𝑵 int.
Chiral SU(3)

(energy dependent)
Phenomenological

(energy independent)

B.E. ~ 20 MeV B.E. ~ 40-70 MeV

The simplest kaonic nuclei, �𝑲𝑲𝑵𝑵𝑵𝑵 (JP=0-, I=1/2)

NPA881(2012)98

JPhys17(1991)289

MΛ(1405)~1405, single poleMΛ(1405)~1420, double pole

compact & dense systemnot compact compared
to pheno. models
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Experimental Situation “before E15”

E27@J-PARC PTEP(2015)021D01.

d(π+, K+)Σ0p @ 1.69 GeV/c

PRL94(2005)212303
6Li/7Li/12C(K-

stopped, Λp)
FINUDA@DAΦNEAMADEUS@DAΦNE

12C(K-
stopped, Λp) EPJC79(2019)190

DISTO@SATURNE PRL104(2010)132502
p + p  (Λ + p) + K+ @ 2.85GeV

HADES@GSI
PLB742(2015)242

p + p  (Λ + p) + K+ @ 3.5GeV

LEPS@SPring-8
d(γ, π-K+)X @ 1.5-2.4 GeV

PLB728(2014)616

Positive resultsNegative results

Intermediate N*pK+?

Multi-NA processes?

Need more data
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J-PARC E15 Experiment

• 3He(in-flight K-,n) reaction @ 1.0 GeV/c
– 2NA and Y decays can be discriminated kinematically
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Experimental Setup @ K1.8BR
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Exclusive 3He(K-,Λp)n

• Momentum transfer 
analysis using the   
(K-,n) reaction
M(Λp) vs. 𝑞𝑞
give a clear information 

on reaction processes
acceptance & 

efficiency
corrected

𝒒𝒒 :  momentum transfer of (K-,n)
𝑴𝑴 : invariant mass of Λp

T.Yamaga et. al., PRC102(2020)044002.

Un-boundBound
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𝑑𝑑2𝜎𝜎/(𝑑𝑑𝑑𝑑 � 𝑑𝑑𝑑𝑑)
[𝑛𝑛𝑛𝑛/(𝑀𝑀𝑀𝑀𝑀𝑀2/𝑐𝑐3)]



Exclusive 3He(K-,Λp)n

• “K-pp” bound state 
exists
𝑞𝑞-independent

acceptance & 
efficiency
corrected

𝒒𝒒 :  momentum transfer of (K-,n)
𝑴𝑴 : invariant mass of Λp

T.Yamaga et. al., PRC102(2020)044002.

Un-boundBound
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𝑑𝑑2𝜎𝜎/(𝑑𝑑𝑑𝑑 � 𝑑𝑑𝑑𝑑)
[𝑛𝑛𝑛𝑛/(𝑀𝑀𝑀𝑀𝑀𝑀2/𝑐𝑐3)]

K-
3He

1 GeV/c

n

Λ

p

n
“x”



Exclusive 3He(K-,Λp)n

• QF followed by 2NA
via “on-shell K-”
𝑞𝑞-dependent

acceptance & 
efficiency
corrected

𝒒𝒒 :  momentum transfer of (K-,n)
𝑴𝑴 : invariant mass of Λp

T.Yamaga et. al., PRC102(2020)044002.

Un-boundBound
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𝑑𝑑2𝜎𝜎/(𝑑𝑑𝑑𝑑 � 𝑑𝑑𝑑𝑑)
[𝑛𝑛𝑛𝑛/(𝑀𝑀𝑀𝑀𝑀𝑀2/𝑐𝑐3)]

K-
3He

1 GeV/c

n

Λ

p

n
p

p

K-



Exclusive 3He(K-,Λp)n

• Broad Component
3NA reaction?
Further investigations 

are ongoing

acceptance & 
efficiency
corrected

𝒒𝒒 :  momentum transfer of (K-,n)
𝑴𝑴 : invariant mass of Λp

T.Yamaga et. al., PRC102(2020)044002.

Un-boundBound
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𝑑𝑑2𝜎𝜎/(𝑑𝑑𝑑𝑑 � 𝑑𝑑𝑑𝑑)
[𝑛𝑛𝑛𝑛/(𝑀𝑀𝑀𝑀𝑀𝑀2/𝑐𝑐3)]

K-
3He

1 GeV/c

n

Λ

p

BS and QF are well 
separated in

0.3 < 𝒒𝒒 < 0.6 GeV/c



“K-pp” Bound State

BKpp ~ 40 MeV, ΓKpp ~ 100 MeV
 large binding energy  wide momentum transfer

𝜎𝜎(𝑀𝑀, 𝑞𝑞) ∝ 𝜌𝜌(𝑀𝑀, 𝑞𝑞) ×
(Γ𝐾𝐾𝐾𝐾𝐾𝐾/2)2

(𝑀𝑀 −𝑀𝑀𝐾𝐾𝐾𝐾𝐾𝐾)2+(Γ𝐾𝐾𝐾𝐾𝐾𝐾/2)2
× 𝑒𝑒𝑒𝑒𝑒𝑒 −

𝑞𝑞2

𝑄𝑄𝐾𝐾𝐾𝐾𝐾𝐾2

Qkpp ~ 400 MeV (c.f. QQF ~ 200 MeV)

Fit with PWIA
PRC102(2020)044002.
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 suggest the “K-pp” is quite compact



• Further details of the �𝑲𝑲𝑵𝑵𝑵𝑵
− Spin and parity of the “K-pp”?
− Really compact and dense system?

• Λ(1405) state
− �𝐾𝐾𝑁𝑁 quasi-bound state as considered?
− Size?
− Relation between �𝐾𝐾𝑁𝑁 and �𝐾𝐾𝑁𝑁𝑁𝑁?

• More heavier kaonic nuclei?
− Mass number dependence?

• Double kaonic nuclei?
− Much compact and dense system?

Many Questions to be Answered
12

K-K-pp



�𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵 and �𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵
• More heavier system must be explored to provide 

more conclusive evidence of the kaonic nuclei
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the larger nuclei 
 the larger B.E.

Discrepancy would be 
resolved if the models adopt 
both mesonic & non-mesonic
decays

B.E. Γ

(E15=Λp)

 The �𝐾𝐾𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 system is expected to be the most 
compact system due to an α particle configuration



�𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵 and �𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵
• Beyond the �𝐾𝐾𝑁𝑁𝑁𝑁, more heavier system must 

be explored to establish the kaonic nuclei
 In particular, the �𝐾𝐾𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 system is expected to be 

the most compact system due to an α particle 
configuration
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the larger nuclei 
 the larger B.E.

would become large if 
the models adopt 
mesonic & non-mesonic
decays

Y.Kanada-En’yo arXiv:2008.06802

E15

E15



New Project @ J-PARC
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-- systematic investigation of the light kaonic nuclei --



Strategy of the New Project

• To realize the systematic measurements, we need
 a large acceptance spectrometer

• detect/identify all particles to specify the reaction
 high-intensity kaon beam

• more K− yield than the existing beamline
• We take a step-by-step approach

16

Reaction Decays Key
�𝑲𝑲𝑵𝑵 d(K-,n) π±0Σ∓0 F-factor  n/γ identification
�𝑲𝑲𝑵𝑵𝑵𝑵 3He(K-,N) Λp/Λn JP polarimeter
�𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵 4He(K-,N) Λd/Λpn large acceptance 
�𝐾𝐾𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 6Li(K-,d) Λt/Λdn/Λpnn many body decay
�𝐾𝐾�𝐾𝐾𝑁𝑁𝑁𝑁 𝑝̅𝑝 + 3He ΛΛ 𝑝̅𝑝 beam yield

- for systematic study from the �𝑲𝑲𝑵𝑵 to �𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵 systems -

 A first step

 new CDS

modified K1.8BR



A New Cylindrical Detector System

A new 4π spectrometer with n/γ detection capability
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Expected �𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵 in K-+4He

• Similar parameters obtained with the K-+3HeΛpn 
(PRC102(2020)044002.) are adopted to K-ppn/QF/BG shapes

• “K-ppn” signal [q-independent] will be seen clearly
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@ 3 weeks, 90kW

M(K-ppn) M(K-ppn)

K-+4HeΛd+n K-+4HeΛpn+n

BKppn ~ 40 MeV 

ΓKppn ~ 100 MeV
Qkppn ~ 400 MeV/c

σ(K-ppn)*Br ~ 10 µb
σ(QF)            ~ 10 µb
σ(BG)            ~ 20 µb

Simulation Simulation
BS and QF will be
well separated in

0.3 < 𝒒𝒒 < 0.6 GeV/c



M(K-ppn)

Broad comp.

Expected �𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵 in K-+4He

• Assumption: similar parameters obtained at E15
• Mass-number dependence of the kaonic nuclei 

will be provided for the first time.
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M(K-ppn)

K-+4HeΛd+n K-+4HeΛpn+n

@ 3 weeks, 90kW

Simulation Simulation



Summary

We observed the “K-pp” bound state in 3He(K-,Λp)n
PLB789(2019)620., PRC102(2020)044002.

 As the next step, the new project has been launched 
to reveal the properties of the light kaonic nuclei from 
the �𝑲𝑲𝑵𝑵 to �𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵
 a powerful probe to understand low energy QCD
 the best approach to cold & high-density nuclear matter

We take a step-by-step approach:
– a �𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵 search via 4He(K-,N) reactions as the first step
– a spin/parity measurement of the �𝐾𝐾𝑁𝑁𝑁𝑁 as the second step
– experimental challenges of �𝐾𝐾𝑁𝑁, �𝐾𝐾𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁, and �𝐾𝐾�𝐾𝐾𝑁𝑁𝑁𝑁 will 

also be followed

20

J-PARC E15

J-PARC E80

J-PARC P89



J-PARC E15 Collaboration
21



J-PARC E80 Collaboration 22



A first step of the new project

Thank you for your attention! 

High intense K beam

New era of kaonic nuclei

New large CDS

via in-flight 4He(K−,N)

ÖWA/Harald Ritsch
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Investigation of fundamental 
properties of the �𝑲𝑲𝑵𝑵𝑵𝑵 state 

25

J-PARC P89
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J-PARC P89

T. Yamaga (RIKEN), 32nd J-PARC PAC meeting, Jul.14-16, https://kds.kek.jp/event/38719/

https://kds.kek.jp/event/38719/
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J-PARC P89

T. Yamaga (RIKEN), 32nd J-PARC PAC meeting, Jul.14-16, https://kds.kek.jp/event/38719/

https://kds.kek.jp/event/38719/
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J-PARC P89

T. Yamaga (RIKEN), 32nd J-PARC PAC meeting, Jul.14-16, https://kds.kek.jp/event/38719/

https://kds.kek.jp/event/38719/
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J-PARC P89

T. Yamaga (RIKEN), 32nd J-PARC PAC meeting, Jul.14-16, https://kds.kek.jp/event/38719/

https://kds.kek.jp/event/38719/
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J-PARC P89

T. Yamaga (RIKEN), 32nd J-PARC PAC meeting, Jul.14-16, https://kds.kek.jp/event/38719/

https://kds.kek.jp/event/38719/
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J-PARC P89

T. Yamaga (RIKEN), 32nd J-PARC PAC meeting, Jul.14-16, https://kds.kek.jp/event/38719/

https://kds.kek.jp/event/38719/
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