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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
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Faddeev Equations including with 3body force
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NLO19(650)
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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 



３N System

1π2π cont.

Fujita-Miyazawa 3BF



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.



Hypertriton (npΛ）



The first bound hypernucleus

Average bond energy



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



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

PRELIMINARY



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



ALICE(2023)

ALICE(2023)

ALICE(2023)

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





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



Semilocal Momentum-Space regularized (from Evgeny‘s note)
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Search for E with η（E)=1.



Λnn systemWithout Contribution from 

Sigma particle

2 MeV???

先行研究

𝑉𝑌𝑁 ⟹ 𝑠 𝑉𝑌𝑁

𝑠



Yamaguchi Separable potential

𝑉 = −𝜆𝑌
1

𝑝2 + 𝛽𝑌
2

1

𝑝′2 + 𝛽𝑌
2

𝑎 = Scattering length, 𝑟 =Effective range

先行研究







• Complex Energy Method

E=Er+ iε

ε＞０

E=Er- iΓ/2

Γ＞０

・E. Uzu, H. Kamada, and Y. Koike, Phys. Rev. C 68, 061001 (2003), arXiv:nucl-th/0310001. 
・ A. Deltuva and A. C. Fonseca, Phys. Rev. C 86, 011001 (2012), arXiv:1206.4574 [nucl-th]. 
・ A. Deltuva and A. C. Fonseca, Phys. Rev. C 87, 014002 (2013), arXiv:1301.1905 [nucl-th]. 
・ A. Deltuva and A. C. Fonseca, Phys. Rev. C 87, 054002 (2013), arXiv:1304.5410 [nucl-th]. 
・ A. Deltuva and A. C. Fonseca, Phys. Rev. C 90, 044002 (2014), arXiv:1409.7318 [nucl-th].

Application to 4N scattering Problem 







Cut off R NNNNLO NNNLO NNLO NLO

0.8 -0.0219-i0.539 0.144-i0.347 0.149-i0.346 0.152-i0.345

0.9 -0.0155-i0.477 0.0823-i0.398 0.148-i0.353 0.147-i0.353

1.0 0.0105-i0.449 0.0275-i0.435 0.140-i0.363 0.140-i0.366

1.1 0.0219-i0.439 0.0188-i0.441 0.134-i0.374 0.130-i0.375

1.2 0.0233-i0.438 0.0158-i0.444 0.126-i0.382 0.122-i0.383

Cut off R NNNNLO NNNLO NNLO NLO

0.8 0.116-i0.267 0.138-i0.117 0.123-i0.214 0.154-i0.224

0.9 0.132-i0.229 0.156-i0.209 0.121-i0.206 0.124-i0.224

1.0 0.132-i0.230 0.119-i0.222 0.161-i0.165 0.126-i0.199

1.1 0.145-i0.217 0.124-i0.203 0.130-i0.155 0.119-i0.161

1.2 0.0987-0.180 0.125-i0.208 0.103-i0.120 0.109-i0.126

CDBonn: 0.466-i0.567 

CDBonn: 0.129-i0.099 

J=1/2, T=1, VNN(np)

J=1/2, T=1, VNN(nn)



NLO
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NNNNLO

J=1/2, T=1, VNN(nn)



New Chiral YN potential 

Phenomenological NN

Chiral  NN

Chiral  NN (SMS) 

Phenomenological YN
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Chiral  NN (SMS) 

NN YN

+ΛNN 3BF

+ΛNN 3BF



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 



Λnn systemWithout Contribution from 

Sigma particle

2 MeV???

先行研究
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NSC89

NLO19



New Chiral YN potential 
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Thank You for your attention.









J=1/2, T=1, VNN(nn)

E [MeV]

NNNNLO
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Channel numbers (J=1/2, T=１)
2 body j_max Λ Σ Ｎ Sum

1 4 10 10  *2 34

2 10 18 18  *2 64

3 12 26 26  *2 90

4 18 34 34  *2 120

5 20 42 42  *2 146

N

N

N

N

N

N
Y Y Y

NΣ ： ｔ＝３/２ is also involved !







Next pages are for discussion after presentation.











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.



Faddeev Components
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Y Y Y



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.
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