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Target in this study:
Baryon-Baryon interactions in S=-1 channel

Iz~ S=-1: NA and N2 (coupled) channel potentials

Baryon mass (from PDG)

Mg [MeV]
N 938.92

isospin ave. Nucleon  [\/ (938.27+939.57)/2
lambda A  1115.68
isospin ave. Sigma 1133.15

P -SigMa >} (1192.64+1189.37+1197.45)/3
isospin ave. Xi = 1318.29
—  (1314.86+1321.71)/2
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K-conf.
Nf=2+1, lwasaki gauge + clover fermion action

beta=1.82 (1/a ~ 2.3 GeV)
96* — (8.1Tm)*
(K, g K;) = (0.126117,0.124790)

nearly physical point

m_~ 146MeV, my ~ 525 MeV

F-conf.
Nf=2+1, lwasaki gauge + clover fermion action
beta=1.82 (1/a ~ 2.3 GeV)

96* < (8.1fm)*

(Ku.ds Ks) = (0.126117,0.124902)

total independent conf=1600conf.
(320 conf. x 5 run = 1600 conf.)

ALY DY (Particale Data Group 2020)
m,. =~ 139.57MeV, Mo =~ 134.98MeV

physical point

T 137 [MeV] N 940 [MeV]

Isospin averaged pion mass m, ~ 138.0MeV

K 502 [Mev
[ ] My = 493.68MeV, my, ~ 497.61MeV

Isospin averaged Kaon mass m; ~ 495.6MeV
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Ishii, Aoki & Hatsuda, Phys. Rev. Lett. 99 (2007) 022001
HAL QCD methOd Ishii+ [HAL QCD Coll.], Phys. Lett. B712 (2012) 437
In the case of NN potential

Gnyn(r,t) = (OIN(r, 1) N (0, )] Jarc(t = 0)]0)

Nambu-Bethe-Salpeter(NBS) wave function with relative momentum k is obtained at infinite t

Gyy = Y(r) = (0[N (r, 1) N(0,1)|N(k)N(=k); W)

t— 00
¢(T)NAl81n( r—lw/2+m R

?

R: interaction range

- We can extract scattering phase shift from NBS wave function.
* NN potential can be calculated so that Schrodinger eq. with NBS function.




(time-dependent) HAL QCD method

Ishii+ [HAL QCD Coll.], Phys. Lett. B712 (2012) 437
In the case of NN potential

Gyn(r,t) = (0[N (r, 1) N(0,%)|Jsc(t = 0)]0)

R(fr'7 t) = GNN ('r*, t)/GN (t)2 Many states contributes

L —(Wi—Qm)t
= E AW,; ¢Wi (’l")e i: each energy eigen state

Under inelastic threshold, all excited scattering states share the same U(r,r’):
2 /
(V —I—kw)T,DW mdeUTT)ww( )

- All equations(i=0,1,2,3,... up to elastic threshold) can be combined as
(ot e YRG0 = [ ar'Ur )R
— = — ) r(r,t) = ru(r,r T,
ot  4m Ot? m

* Local potential is obtained by derivative expansion
U(r,r") = Vo(r) + Vr(r)Siz + Vis(r)L - S + -+
LO LO NLO




Partial wave(L=0,2) decomposition on the lattice

+ . . . M. Luscher, Nucl. Phys. B 354 (1991), 531.
Method 1. Al pro;ectlon of cubic group  aoki, Hatsuda, ishii, PTEP 123 (2010).

+
RA Z R(g 1’1" : This has dominant contribution from L=0
gEOh and small contribution from L=4,6,....

swave Rg(r) = R4T (r)
‘ D-wave Rp(7r) = R(r) — RA (r)

. C. W. Misner, Class. Quant. Grav. 21 (2004) S243.
Method 2. Misner’s method T. Miyamoto et al., Phys. Rev. D 101 (2020) 074514.

Use R(T’) = nlmGA( )lem(ga(b)

n,l,m \
new basis functioninr

instead of R(7) = Zglm(?")Ylm(Qa b)

[,m

I
p,

sophisticated partial wave decomposition on the lattice
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T. Inoue et al. [HAL QCD Collaboration], Prog. Theor. Phys. 124, 591 (2010).
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signal7Z [7HX Y |1 L 72 Ly

Gra(r,t) = (0[N (r, 1) A0, )| Jurc(t = 0)]0)

R(I‘ t) — GNA( ) Many states contributes
’ GN (t)GA( ) /
— Z AW@ sz (I‘)e_ (Wi—mn—ma)t i- each energy eigen state

1
R(I’,t) _ RSignal(I‘,t) + Rinelastic (I‘, t) (RinelaStiC(r,t) — 0(t — 00))
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ALY [Zinelastic contamination Z2 HX V) f& <

1/ 1) A > OFEE R Dinelastic contaminationx & 2. 5
Gu(t) = > (0|B(r,t)|Juc(t = 0)0)
GeBla(t) = ABe_th Fitted function

Giaha (1) = Ga(t) - G (1

11&/] ) 7 > HBEIBFEL Dinelastic contamination% 88 > T
21/% U A > MBI BI 2L (NBS wave function) Dinelastic contamination #E 3 5
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Nucleon Lambda
2pt corr. 2pt corr.
improved 4 B> TRT VI ¥ IILDETEZ T 5
GNA(I‘, t) — GNA( ) — OéGmela( )
. . = 1 G (Y (4 1
free gauge configuration D 55 (X Gna(r,t) = g NE)GAt)  a= v .
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Summary and Outlook
OYBEY — SERAIEH

1/a ~ 2339[MeV]
my ~ 137[MeV]
mg ~ 502[MeV]
my ~ 940[MeV]
WA RL T 7=, (1600 configurations)
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