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Quantum Chromodynamics (QCD)
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Lattice QCD (LQCD)
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Huge integration variables
~ 10910 for 964 lattice
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Importance Sampling
Hybrid MC = MD + Metropolis
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Flavor SU(3) Classification : B=1

8 (Octet) 10 (Decuplet)

Q- (1672)
Only weak decay (=2 AK, En)
Mean Life ~ 0.8 x 10719 sec




Hadron masses from LQCD

a_;. = 0.065 fm

Liax = 4.1 fm
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—— experiment
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taken from Fodor and Hoelbling, Rev. Mod. Phys. 84 (2012) 449




proton-neutron mass difference from LQCD

a_. = 0.054 fm AN =M, (udd)-M,(uud)

Lyax = 8 fm
M 7t min =190 MeV

(M,~M,),,; = 1.51(16)(23) MeV
(M,~M,),, = 1.29 MeV

exp

BMW Coll., Science 347 (2015) 1452




Nucleon axial charge g, from LQCD

model average

Lax = 4.8 fm
Mz min =131 MeV

(ga)e = 1.2711(13)
(8p)er, = 1.2723(23)

Chang et al., Nature 558 (2018) 91




Baryon-baryon Interactions from LQCD

a = 0.085 fm
L=8.1fm
= 146 MeV

525 MeV
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Baryon-baryon Interactions from LQCD

a = 0.085 fm
L=8.1fm
= 146 MeV

525 MeV »
K computer at RIKEN (11 PFlops)
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Scattering amplitude in LQCD

(N1 (x,t)Na(y, ) J; (0) T4 (0))

AN

Imaginary time

Finite volume Method

E (L) BB+t
- phase shift, binding energy 3R

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




BB

r-1=8E ~20 (9/L)2 MgV

Lepage 1989

% ~ VN |exp[-A(my — 1.5m,)¢]

102 (for A=1)' 1041 (for A=Z%




Scattering amplitude in LQCD

AN

Imaginary time

(N1(x,t)Na(y, 1) T,
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HAL QCD Method

® (rt) 2 2PI kernel (T=U+GUT)
— phase shift, binding energy

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

8x8=27+8 +1+10*+10+8,

\
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= a = 0.085 fm
Nuclear Force: V(r) and V+(r) A | _ g
E B - 146 Mev
Mg = 525 MeV
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Flavor SU(3) Classification of BB system ot Dyeon é‘;‘é@f

8x8=27+8+1+10*+10+ 8,
P
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Jaffe (1977)




a = 0.085fm
L=28.1fm
m, = 146 MeV

S=-2 BB interactions : V(r)

Mc =525 Mev | (R
K. Sasaki

K. Sasaki et al. [HAL QCD Coll.] ALICE Coll., arXiv:1805.12455
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a = 0.085 fm

S=-2 BB interactions : V(r)

m, = 146 MeV

My = 525 MeV A
K. Sasaki

K. Sasaki et al. [HAL QCD Coll.] ALICE Coll., arXiv:1805.12455
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Flavor SU(3) Classification of BB system ot Dgéﬁ”jé‘;‘;r;%

8x8=27+8+1+10*+10+ 8,
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Jaffe (1977)

8x10=35+8+ 10+ 27
[
NQ (\J:2) Goldman et al (1987)

10x10=28 +27 + 35+ 10*

|

QQ(\J:O) Zhang et al (1997)




m, = 146 MeV

: . & a=0.085fm
S=-6 BB interaction V(r) A |

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

Mx = 525 MeV




New “stable” dibaryon?

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

Bound state energy [MeV]

5 6

Root-mean-square distance [fm]

Deuteron (1931, Urey)
Di—Omega QQQ) ?




S u m m a ry Hadrons to Atwei
= / \

BB interactions from LQCD

S=0 5=-1 5=-2 5=-3
NN  NANS  AAAS, IS, NE  AS,3E

, better S/N
rich data

Hypernuclear levels FSI in
FSI at RHIC, LHC Future HIC
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Collapse of the Plateau Method for B=2

"Mirage in temporal correlation functions for baryon-baryon interactions in lattice QCD?,
JHEP 10 (2016) 101 by HAL QCD Call.
“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

NN('S,) NN(S))
Consistency check Consistency check
Data Source independence (1) (i1) (111) Source independence (1) (11) (111)
YKU2011 [24] ] No No . i No No .
YIKU2012 [25] No T No . No T No .
YIKU2015 [26] ] ] No 3 f T No No
NPL2012 [27] T T No ¥ + - % i
NPL2013 [28,29] No . . No No ¥ . !
NPL2015 [30] T No ' No T No ' No

CalLat2017 [31] No ? ¥ No No /i ' No




