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FLAG Coll.(2015)

Quark masses: mq

quark masses
(from lattice QCD)

[MeV]
(MS-bar @ 2GeV) 

mu 2.16 (9)(7)

md 4.68 (14)(7)

ms 93.8 (1.5)(1.9)

Quantum Chromodynamics (QCD)

Gauge coupling: αs=g2/4π 

PDG (2014)



Lattice QCD (LQCD)

L

a

4-dim. 
Euclidean 
Lattice

quarks q
on the sites 

gluons Uμ
on the links

�a à 0 � L à ∞�
Continuum �Thermodynamic Limits

Importance Sampling
Hybrid MC = MD + Metropolis

Huge integration variables
~ 109-10 for 964 lattice 



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

Hadron masses from LQCD

amin = 0.065 fm

Lmax = 4.1 fm
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BMW Coll.,  Science 347 (2015) 1452

proton-neutron mass difference from LQCD

amin = 0.054 fm

Lmax = 8 fm
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Chang et al.,  Nature 558 (2018) 91 

amin = 0.09 fm

Lmax = 4.8 fm
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Nucleon axial charge gA from LQCD
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Baryon-baryon Interactions from LQCD 

a = 0.085 fm

L = 8.1 fm

mπ = 146 MeV

MK = 525 MeV
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Baryon-baryon Interactions from LQCD 

a = 0.085 fm

L = 8.1 fm

mπ = 146 MeV

MK = 525 MeV



Scattering amplitude in LQCD

Imaginary time

space

x

y

J †

J †

Luscher (1991)
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Exponentially small 
S/N for two baryons



B

B+π

Δ

�-1 = Δ �200 
MeV 

BB

BB+π

�-1 = δE �20 (9/L)2 MeV 

δE

A
Lepage 1989

10-2 (for A=1) 10-41 (for A=2) 



Scattering amplitude in LQCD

Imaginary time
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Luscher (1991)
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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 
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Flavor SU(3) Classification of BB system 
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Nuclear Force:  VC(r) and VT(r) 
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a = 0.085 fm

L = 8.1 fm

mπ = 146 MeV

MK = 525 MeV�����
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Flavor SU(3) Classification of BB system 
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S=-2 BB interactions : VC(r)

preliminary

a = 0.085 fm

L = 8.1 fm

mπ = 146 MeV

MK = 525 MeV
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S=-2 BB interactions : VC(r)

preliminary

a = 0.085 fm

L = 8.1 fm

mπ = 146 MeV

MK = 525 MeV
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Flavor SU(3) Classification of BB system 
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Gongyo et al. [HAL QCD Coll.], 
Phys. Rev. Lett. 120 (2018) 212001

S=-6 BB interaction  VC(r)
a = 0.085 fm

L = 8.1 fm

mπ = 146 MeV

MK = 525 MeV

ΩΩ (1S0) 

ΩΩ (1S0) 
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Deuteron (1931, Urey)
�����
���WW �

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

ΩΩ (1S0) 



Summary
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BB interactions from LQCD
�$����&�"! �)�������
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”Mirage in temporal correlation functions for baryon-baryon interactions  in lattice QCD”,  

JHEP 10 (2016) 101 by HAL QCD Coll.

“Are two nucleons bound in lattice QCD for heavy quark masses ? 

– Sanity check with Lucsher’s finite volume formula –”

Phys. Rev. D96 (2017) 034521 by HAL QCD Coll.

“Sanity check for NN bound states in lattice QCD with Luscher's finite volume  

formula -- Disclosing Symptoms of Fake Plateaux -- ”

EPJ Web Conf. 175 (2018) 05006 by Aoki, Doi, Iritani

Collapse of the Plateau Method for B=2


