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Introduction:  Nuclear Force from LQCD

C D46.#+*$E-*6#$FDD$,)'GH$,3$'"#$1-3'$,12-*'+)'$'+*I#'$E-*$JK5$LMN

=$+22.,6+',-)$'-$+'-1,6$)46.#,$+)8$)#4'*-)$3'+*3

C O#'$'"#*#$+*#$3#P#*+.$,334#3$'-$Q#$+88*#33#8

=$4)2"03,6+.$1R

GGG$(3$8#4'#*-)$Q-4)8$+'$"#+P0$1RS


=$Q+8$/TD$*+',-

=$32,)=-*Q,'$E-*6#$F2+*,'0=-88H

Yamazaki et al., PRD92 (2015) 014501

Ishii et al., PLB712 (2012) 437

Iritani et al., JHEP10 (2016) 101

Murano et al., PLB735 (2014) 19

C U.+3',6=3'+'#$3+'4*+',-)$,3$*#V4,*#8$'-$+22.0$'"#$JK5$LMN$1#'"-8

C (12*-P#$'"#$3-4*6#$-2#*+'-*$3G'G$ $,3$31+..$E-*$An = ⟨n | J̄(0) |0⟩ n > nth

<latexit sha1_base64="TMTmRH0dDglpMvfLZjAPrs/6cuc="></latexit>

R(r, t) ⌘
⌦
0
��T N(x, t)N(y, t)J̄ (0)

�� 0
↵
⇥ e2mN t

'
nthX

n=0

An (r,Wn)e
��Wnt

W$5+2J$1#'"-8$F'",3$'+.XH$T$-)#=#)8$'*,6X$F6GEG$OGKX+"-3",H



3
Free LapH Method
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Free LapH Method
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Free LapH Method

C /6"#1+',6$2,6'4*#$-E$'"#$5+2J$31#+*#8$;D$3-4*6#$-2#*+'-*

<latexit sha1_base64="Xx6tt7CHlCqk/E1/MeGOa963MlU="></latexit>

J̄(t) = P N

<latexit sha1_base64="xiFIvSEP/lzYAdP77Wkae+OrxvI="></latexit>

+q <latexit sha1_base64="AoXMlzOthcosMiVjoR2t27VUiig="></latexit>�q

P
<latexit sha1_base64="Xx6tt7CHlCqk/E1/MeGOa963MlU="></latexit>

J̄(t) = u

u

d
u

u

d

u

u

d

<latexit sha1_base64="W9PeC0PqwaRL/uQmfEIO3cY2vPg="></latexit>

+

<latexit sha1_base64="W9PeC0PqwaRL/uQmfEIO3cY2vPg="></latexit>

+
<latexit sha1_base64="2TUobAU4PxP9zR6Bm5HJ883qyEY="></latexit>

+ · · ·

<latexit sha1_base64="cxm7ZhDGvIi6e8SlVuC1eB1GF40="></latexit>q



6
Simulation Setup
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L3 × T = 323 × 64
La ≃ 2.9 fm
(κud, κs) = (0.13700, 0.13640)
mπ = 701 MeV
mN = 1581 MeV

Aoki et al., PRD79 (2009) 034503

C /'+',3',63Z$%]]$6-)E3$^$;FE-*Y+*8TQ+6XY+*8$2*-2+I+',-)3H

C 5+2J$1-8#3

= $$$_$ 

= $$$_$ 

= $_$

Nl = 1 | ⃗p |2 = 0
Nl = 7 | ⃗p |2 ≤ 1 ⋅ (2π/L)2

Nl = 19 | ⃗p |2 ≤ 2 ⋅ (2π/L)2

C `#.+',P#$1-1#)'41$Q#'Y##)$3-4*6#$)46.#-)3Z$ | ⃗q | = 0



7
Weight factor
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Results: Nucleon Effective Mass
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Results: NN Potential (1S0, I=1)
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Results: NN Potential (3S1+3D1 central, I=0)
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Results: NN Potential (3S1+3D1 tensor, I=0)
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Summary and Outlook
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