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The first bound hypernucleus

Average bond energy
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Faddeev Equations for the Hypertriton bound state (no 3-body force)

consists of and

2body force Kinetic term Eq.  ; 

, t-matrix 

and



(𝐺0 + 𝐺0𝑡23𝐺0)𝑊(𝜓12 + 𝜓23 + 𝜓31)

Faddeev Equations including with 3body force

= Hyperon

3-body force 

func.

t-matrix ; 

Components 

Oper.; 



NLO19(550),NLO19(600),
NLO19(650)

Potential

Potential

INPUT

・2body force (NN) : Chiral forces N^4LO+ [Cut off scale; 400,450,500,550 MeV]
・2body force (YN): Chiral forces (Juelich) NLO13,NLO19 [Cut off 550, 600, 650 MeV]
・3body force (YNN): 2pi exchange type 



最近のNNLO fit [Haidenbauer et al., Eur. Phys. J. A (2024) 6:3]ではA=1.485, B=-3.01GeV－１

3-body force (YNN):  2πexchange type 

The two parameters A and B should be determined by the NNLO LEC, 
but here they were estimated by the Isobar-saturation model.



Calculation Results



Fujita-Miyawawa 3BF



The 3-body force is decomposed into the partial waves.  

[Kohno, H. Kamada, Miyagawa, Phys. Rev. C 106, 054004 (2022)]



[ Kamada, Kohno, Miyagawa: PHYSICAL REVIEW C 108, 024004 (2023)]



[ Kamada, Kohno, Miyagawa: PHYSICAL REVIEW C 108, 024004 (2023)]

PRELIMINARY



３N System

1π2π cont.



[ Kohno, Kamada, Miyagawa: PHYSICAL REVIEW C 109, 024003 (2024)]



ALICE(2023)

ALICE(2023)

ALICE(2023)

[ Kohno, Kamada, Miyagawa: PHYSICAL REVIEW C 109, 024003 (2024)]







Nijm93
NSC89

N^4LO+
NLO19

N^4LO+
NLO19
2pi 3BF

N^4LO+
NLO19
2pi+1pi 3BF

N^4LO+
NLO19
2pi+1pi+cnt.
3BF

Σ prob. 0.0047 0.0019 0.0026 0.0031 0.0030

Deuteron 
prob.

0.880 0.891 0.887 0.883 0.884

Probabilities of Deuteron and Σparticle in Hypertriton 









Nijm93
NSC89

N^4LO+
NLO19

N^4LO+
NLO19
2pi 3BF

N^4LO+
NLO19
2pi+1pi 3BF

N^4LO+
NLO19
2pi+1pi+cnt.
3BF

N-N 
relative

20.27
(0.23)

16.46
(0.12)

16.85
(0.17)

17.13
(0.20)

17.07
(0.19)

(NN)-Y
relative 

2.20
(0.80)

1.87
(0.40)

2.50
(0.72)

2.87
(0.65)

2.80
(0.63)

Total 23.51 18.85 20.07 20.83 20.70

Expectation values of the Kinetic energies in Hypertriton
(Unit in MeV)   

Y
N

N
Inside of ( ) is the contribution from Σ particle.



Conclusion and Outlook

• For the first time, we performed Faddeev calculations of 
Hypertriton including three-body forces.

• The YNN 3 body force had a non-negligible effect on the 
binding energy.

• Since the YN potential of SMS is NNLO, it is now possible to 
include 2π-type three-body forces consistently.

• (It is now possible to include three-body forces in the NCSM 
of medium-mass hypernuclei.)

This work is supported by Japan Society for the Promotion of Science (JSPS) KAKENHI Grants No. 
JP19K03849 and No. JP22K03597.



Thank You for your attention.



Next pages are for discussion after presentation.





Semilocal Momentum-Space regularized (from Evgeny‘s note)



Semilocal Momentum-Space regularized (from Evgeny‘s note)
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