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8 (Octet)

Flavor SU(3) Classification : B=1

10 (Decuplet)

Ω- (1672) 
Only weak decay (àΛK, Ξπ) 
Mean Life ~ 0.8 x 10-10 sec



taken from Fodor and Hoelbling, Rev. Mod. Phys. 84 (2012) 449

Octet and Decuplet Baryons from Lattice QCD

amin = 0.065 fm

Lmax = 4.1 fm

mπ,min =190 MeV



BMW Coll.,  Science 347 (2015) 1452

Lattice QCD with isospin breaking

amin = 0.054 fm

Lmax = 8 fm

mπ,min =190 MeV

(Mn-Mp)lat = 1.51(16)(23) MeV

(Mn-Mp)exp = 1.29 MeV

=Mn(udd)-Mp(uud)



K computer RIKEN (10 PFlops)

BB Interactions from LQCD 
at almost physical point

a = 0.085 fm

L = 8.1 fm

mπ = 146 MeV

MK = 525 MeV



Flavor SU(3) Classification of BB system 

x 8 x 10 = 35 + 8 + 10 + 27

x 10 x 10 = 28 + 27 + 35 + 10*

x 8 x 8 = 27 + 8s + 1 + 10* + 10 + 8a

Dpn (J=1)ΗΛΛ−ΝΞ−ΛΣ (J=0)
Rarita-Schwinger (1941)Jaffe (1977)

NΩ (J=2) Goldman et al (1987)

ΩΩ(J=0)
Zhang et al (1997)

c.f. Dyson & Xoung, 
PRL 14 (1965)

Di-Omega (strangeness = -6)



Scattering problem in LQCD

Imaginary time

space

x

y

J †

J †

Luscher (1991)

Finite volume Method

En (L) 
à phase shift, binding energy 

BB

BB+π

Exponentially small 
S/N for two baryons

Ishii, Aoki & Hatsuda, PRL 99 (2007) 022001
Ishii et al. [HAL QCD Coll.], PLB 712 (2012) 437 

φ(r,t) à 2PI kernel (T=U+GUT)
à phase shift, binding energy

HAL QCD Method

BB

BB+π
Obtained 
all at once 



x 8 x 8 = 27 + 8s + 1 + 10* + 10 + 8a

c.f. Dyson & Xoung, 
PRL 14 (1965)Flavor SU(3) Classification of BB system 



x

preliminary

K. Sasaki+ HAL QCD Coll.  

T. Inoue+  HAL QCD Coll.  8x8  BB interactions with flavor basis: VC(r)



x

preliminary

K. Sasaki+ HAL QCD Coll.  

T. Inoue+  HAL QCD Coll.  8x8  BB interactions with flavor basis: VC(r)



K. Sasaki+ HAL QCD Coll.  

S=-2 BB interactions 
in particle basis: VC(r)

a = 0.085 fm

L = 8.1 fm

mπ = 146 MeV

MK = 525 MeV

preliminary
couple

Coupled channel analysis 
to search for H-like resonances



Flavor SU(3) Classification : B=2 c.f. Dyson & Xoung, 
PRL 14 (1965)

x 10 x 10 = 28 + 27 + 35 + 10*

ΩΩ(J=0)
Zhang et al (1997)

Di-Omega (strangeness = -6)



Di-Omega: ΩΩ (1S0) 

Gongyo+	[HAL	QCD	Coll.],	
Phys.	Rev.	Lett.	120 (2018)	212001

S. Gongyo

a = 0.085 fm

L = 8.1 fm
mπ = 146 MeV

MK = 525 MeV



Di-Omega: ΩΩ (1S0) 

Gongyo+	[HAL	QCD	Coll.],	
Phys.	Rev.	Lett.	120 (2018)	212001

S. Gongyo

a = 0.085 fm

L = 8.1 fm
mπ = 146 MeV

MK = 525 MeV



ΩΩ near unitarity



Kenji Morita (Wroclaw/Riken) 18

2nd EMMI Workshop on anti-matter, hyper-matter and exotica production at the LHC

How HIC can tell us about interaction?

Measuring Pair Correlation → Constraint on Pairwise Interaction 

No Correlation

Interaction, Quantum Interference etc

8 Nov, 2017



Kenji Morita (Wroclaw/Riken) 19

2nd EMMI Workshop on anti-matter, hyper-matter and exotica production at the LHC

Correlation from FSI Lednicky+ 1982

8 Nov, 2017

Static/Spherical Source:

Asymptotic wave function:

Srel(r) ~

χQ(r) ~



preliminary

ΩΩ-ΩΩ

a = 0.085 fm

L = 8.1 fm

mπ = 146 MeV

MK = 525 MeV

HAL	QCD	Potential	for	JP=0+

S=-2 S=-6



★HAL	QCD

Talk	by	Valentina	Mantovani Sarti (TUM)	at	MESON2018	(June	8,	2018)
See	also,		ALICE	Coll.	arXiv:1805.12455	(2018)



Talk	by	Valentina	Mantovani Sarti (TUM)	at	MESON2018	(June	8,	2018)



Kenji Morita (Wroclaw/Riken) 23

2nd EMMI Workshop on anti-matter, hyper-matter and exotica production at the LHC

ΩΩ correlation from HIC

8 Nov, 2017

with Coulomb int. 

Morita+ 
(in preparation)

CSL(Q) 
= CSmall-R(Q)/CLarge-R(Q)

preliminary



Summary

BB interactions on the latttice (L=8.1fm, mπ=146 MeV, mK= 525 MeV)

Prediction by HAL QCD Collaboration 

FSI in
Future HIC

Hypernuclei

FSI at RHIC, LHC



Backup	slides



ΝΩ system	(5S2)

Potentials Phase Shifts

Strong Attraction
possibly “Bound”

ΝΩ correlation in HIC

(200conf x 4rot x 48src)

preliminary





The fate of the direct method (check on NN)
T. Iritani et al. (HAL Coll.) PRD96(2017)034521

All data for NN by the direct method fail these “minimum” tests so far

è Studies w/ the variational method are mandatory


