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Focus and goal:

Experimentally not known
TheoreMcally debated

J-PARC P75 proposal

Experimentally known
Theoretically not described 
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Theoretically difficult 
to describing all 
S-wave systems 
together
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few-body
𝒏𝒏𝚲 𝒏𝚲𝚲
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𝚲
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𝚲
𝟒𝑯(S=0)			 𝚲𝟒𝑯(S=1)

Phaseshift data	

shortage of

𝑵 − 𝚲 and 

𝚲 − 𝚲

Very few

Double-𝚲 data

𝚲𝚲
𝟔 𝑯𝒆 𝚲𝚲

𝟏𝟎𝐁𝐞

𝚲𝚲
𝟏𝟏𝐁𝐞

Overbinding
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Overbinding

Many	system	that	

should be	studied

--- ---

Few	input	data	to	

tune	theories

↓
Minimal	interaction
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Quarks and gluons
QCD

Nucleons and pions
Meson exchanges

Nucleons
Contact interactions

- Low exchanged momentum
- Large pion mass

- Color confinement

Separation of scales

QCD 𝜒EFT Contact EFT



expansion 𝛿 and derivative

...

𝑂
𝑄
𝑚^

Momentumless contactsLO

NLO

NbLO

NcbLO
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Three body force is necessary 
to avoid Thomas collapse
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Three body force is necessary 
to avoid Thomas collapse



Pionless at Leading OrderLO
8

v RegularizaGon/RenormalizaGon is required:

𝐶 𝛿 𝑟h − 𝑟i → 𝐶 𝜆
𝜆e

8𝜋 ⁄e b 𝑒
opq rst

q

u

Observables are	cut-off	dependent:

𝑂p = 𝑂x +
z
p
+ {
pq
+ |
p}
+ ⋯

𝝀 → ∞ *:

• Regularization/model
independent

• Observables are 𝜆
dependent

* 𝝀 ≫ 𝑴
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π
π

𝑁 𝑁𝑁

Δ

𝑁 𝑁𝑁

𝑁 𝑁

S = 0

S = 1

𝑴 ∼𝒎𝝅

𝛿𝐿𝑂 =
𝑄
𝑀 ∼ 50%

B ∼ 𝟕𝑴𝒆𝑽

𝜋-EFT (𝑁) 𝑴 = Theory break-scale
𝑸 = Typical exchanged momentum
B  = Typical binding per parMcle

2-Body 3-Body



𝜋-EFT (Λ) 10
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b
∼ 9%

S = 0

S = 1

S = �
b

I  = 0
S = �

b
I  = 1

S = e
b
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𝑴 ∼ 𝟐𝒎𝝅
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𝑘
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Ξ

Λ Λ𝑁

Σ

𝑴 = Theory break-scale
𝑸 = Typical exchanged momentum
B  = Typical binding per particle

2-Body 3-Body

π



Two body

Three body
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Fitting input

2× 𝑁𝑁 𝒂𝑵𝑵 (Spin singlet and triplet) 

2× 𝑁Λ 𝒂𝑵𝚲 (Spin singlet and triplet) 

ΛΛ 𝒂𝚲𝚲

𝑁𝑁𝑁 𝟑𝐇

𝚲
𝟑𝐇

3 × 𝑁𝑁Λ 𝚲
𝟒𝐇 𝐒 = 𝟎, 𝐈 = 𝟏/𝟐

𝚲
𝟒𝐇 𝐒 = 𝟏, 𝐈 = 𝟏/𝟐

𝑁ΛΛ 𝚲𝚲
𝟔 𝐇𝐞



𝑁-Λ scattering lengh 12

A. Gal et al. - Strangeness in nuclear physics - Rev.Mod.Phys. 88 (2016) no.3, 035004



ΛΛ Scattering data

PHYSICAL REVIEW C 91, 024916 (2015)
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𝑎�� ∼ −0.5 . . −1.9 fm



Results

v 𝚲
𝟓𝐇𝐞

v 𝚲𝚲
𝟓 𝐇

v 𝒏𝒑𝚲𝚲

14



�
 He : Λ separation energy

𝐵� �
 He = 3.01(10)(30) 𝐵� �

 He = 2.74(11)(30)

𝐵� �
 He = 3.89(09)(35)

𝐵� �
 He = 3.01(06)(30)

Overbinding ∼ 2 MeV

No sign of bound 𝐍𝐍𝚲, other 
than �

eH S = �
b
, I = 0 ;

Numerical uncertainty         Theory uncertainty Experimental: 3.12(2) MeV
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a¥ = −1.8 fm a¦ = −1.6 fm a¥ = −2.60 fm a¦ = −1.71 fm

a¥ = −1.91 fm a¦ = −1.23 fm a¥ = −2.91 fm a¦ = −1.54 fm
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𝚲𝚲
𝟓 𝐇
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Λ → ∞
extrapolation

Experimental 
uncertainty

Experimental error from few-body

Experimental error from a��

Different parametrizations
𝜒LO, 𝜒NLO, NSC97f

𝑩𝚲 𝚲𝚲
𝟓 𝐇 = 𝟏. 𝟏𝟒 𝟏 o(𝟐𝟔)

«(𝟒𝟒) MeV

Uncertainty in 
the input data



��
u H 18



��
u H is	bound/unbound	depending	

to	the	theory	input

𝚲𝚲
𝟒 H

𝚫𝑩𝚲𝚲 𝚲𝚲
𝟔 𝐇𝐞 = 𝑩𝚲𝚲 𝚲𝚲

𝟔 𝐇𝐞 − 𝟐 𝑩𝚲 𝚲
𝟓𝐇𝐞
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Bound 

Unbound Square of reasonable input data 



In a nutshell

𝒏𝒏𝚲

It is possible to describe them all together.
( No overbinding problem! )
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𝚲
𝟓𝐇𝐞

𝚲
𝟒𝐇 𝚲

𝟒𝐇∗

𝚲
𝟑𝐇

𝚲𝚲
𝟓 𝐇𝐞

Solidly bound!
𝑩𝚲 𝚲𝚲

𝟓 𝐇𝐞 = 𝟏. 𝟏𝟒 𝟏 o(𝟐𝟔)
«(𝟒𝟒)

𝒏𝒑𝚲𝚲

Bound?
Need more precise
𝚲𝚲 scattering data! 

𝒏𝒏𝚲𝚲
𝒏𝚲𝚲

Unbound



Conclusions
o 𝜋-EFT can be applied successfully to 𝚲 hypernuclei:

(no catastrophic failure, truncation error of ∼ 10% at LO).

o 7 new input data that can be fix on experimental data!

o Overcomes overbinding problem (comprehensive description of 𝐴 ≤ 5 Λ-hyperons)

o No boundstate in	𝒏𝒏𝚲, 𝒏𝐩𝚲 S = e
b
, 𝒏𝚲𝚲 or 𝒏𝒏𝚲𝚲

o 𝒏𝒑𝚲𝚲 might be bound for large 𝑎�� < −1.5 fm

o 𝚲𝚲
𝟓 𝐇𝐞 bound ( 𝑩 𝚲𝚲

𝟓 𝐇𝐞 = 𝟏. 𝟏𝟒 𝟏 o(𝟐𝟔)
«(𝟒𝟒) MeV )

o Extend this approach to A > 6 systems.

o Include subleading contributions (explicit Ξ mixing, effective range, .. ).
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𝑩𝚲( 𝚲𝟑𝑯) 𝑩𝚲( 𝚲𝟒𝑯𝒈.𝒔.) 𝑩𝚲( 𝚲𝟒𝑯𝒆𝒙𝒄.) 𝑩𝚲( 𝚲𝟓𝑯𝒆)

Exp. 0.13(5) [4] 2.16(8) [5] 1.09(2) [6] 3.12(2) [4]

DHT [7] 0.10 2.24 0.36 ≥ 5.16

AFDMCa - 1.97(11) [8] - 5.1(1)      [9]

AFDMCb’ 0.23(9) [13] 1.95(9) [13] - 2.60(6)   [13]

𝜒EFTa 0.11      [10] 2.31 (3) [11] 0.95(15)  [11] 5.82(2)   [12]

𝜒EFTb - 2.13 (3) [11] 1.39(15) [11] 4.43(2)   [12]

[7] R.H. Dalitz, R.C. Herndon, and Y.C. Tang, Nucl. Phys. B 47, 109 (1972). 
[8] D. Lonardoni, F. Pederiva, and S. Gandolfi, Phys. Rev. C 89, 014314 (2014). 
[9] D. Lonardoni, S. Gandolfi, and F. Pederiva, Phys. Rev. C 87, 041303(R) (2013). 
[10] R. Wirth et al., Phys. Rev. Lett. 113, 192502 (2014). 
[11] D. Gazda and A. Gal, Phys. Rev. Lett. 116, 122501 (2016); D. Gazda and A. Gal, Nucl. Phys. A 954, 161 (2016). 
[12] R. Wirth and R. Roth, Phys. Lett. B 779, 336 (2018). We thank Roland Wirth for providing us with these values.
[13] D. Lonardoni arXiv:1711.07521v2 &  Private comunication.
[15] H. Nemura, Y. Akaishi, and Y. Suzuki, Phys. Rev. Lett. 89, 142504 (2002); see also Y. Akaishi, T. Harada.

All the energies are in MeV.

𝚲
𝟓𝐇𝐞: Overbinding problem 22



G. Alexander, U. Karshon, A. Shapira, et al. Phys. Rev. 173, 
1452 (1968)

0 > 𝑎¸ > −9 fm
−0.8 > 𝑎¹ > −3.2 fm

Sechi-Zorn, B., B. Kehoe, J. Twitty, and R. A. Burnstein, 1968, 
Phys. Rev. 175, 1735.

𝑎¸ = −1.8 fm
𝑎¹ = −1.6 fm

Alexander et al. : Sechi-Zorn et al. :

𝑁-Λ scattering data

A. Gal et al. - Strangeness in nuclear physics - Rev.Mod.Phys. 88 (2016) no.3, 035004
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Regular

Phys. Rev. 175, 1735. (1968)
Phys. Rev. 173, 1452 (1968)

Strange 24

ALL PICTURES SHOWN ARE FOR ILLUSTRATION PURPOSE ONLY.

TWO-BODY SCATTERING
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Phys. Rev. 175, 1735. (1968)
Phys. Rev. 173, 1452 (1968)

Strange

Physical Review C. 64. 10.1103/PhysRevC.64.044301. 
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MANY BODY SYSTEMS
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EXCITED STATES
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DOUBLE LAMBDA 
HYPERNUCLEI



Predictions
B uHe B �

 He B ��
  He

LEC State Fitting

𝐷�� S =
1
2 , I =

1
2

𝟑𝐇

𝐷º� S =
1
2 , I = 0 𝚲

𝟑𝐇

𝐷ºe S =
1
2 , I = 1 𝚲

𝟒𝐇
𝐒¾𝟎 ,𝐈¾𝟏𝟐

𝐷b� S =
3
2 , I = 0 𝚲

𝟒𝐇
𝐒¾𝟏 ,𝐈¾𝟏𝟐

𝐷����¿ S =
1
2 , I =

1
2 𝚲𝚲

𝟔 𝐇𝐞

LEC State Fitting

𝐶ºb S = 1 , I = 0 𝟐𝐇

𝐶bº S = 0 , I = 1 𝐍−𝐍

𝐶º� S = 1 , I =
1
2

𝚲 − 𝐍

𝐶b� S = 0 , I =
1
2

𝚲 − 𝐍

𝐶ºº S = 0 , I = 0 𝚲 −𝚲

Two body

Three body

Scawering

Boundstate

Boundstates
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[ 𝐶�ºp 𝑃 Æ¾�,Ç¾º
¿¿ + 𝐶º�p 𝑃 Æ¾º,Ç¾�

¿¿ ]

Three body force

The energy of the 𝐴 ≥ 3 depends on 𝜆
When 𝜆 → ∞→ EeÊ → −∞
NO PREDICTIVE POWER!

Three-body force stabilize 
𝐴 ≥ 3 systems

The three body force require 
RegularizaMon/RenormalizaMon as well.
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eH S = e
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bound

Experimentally 
compatible 𝑎��

𝑎�� compatible 
with B� Ë

 He

(St
ill)
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𝐧𝐧𝚲 is not found bound anywhere
𝜦
𝟑𝐇 is bound for “unusual” 𝑎¸ and 𝑎¹


