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large uncertainty due to short-lifetime of hyperon beams
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Lattice QCD

LatticeQCD(Wilson,1974): the ab-initio non-perturbative method
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Lattice QCD

Lattice QCD Supercomputer
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New Lattice QCD configurations gzt
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The HALQCD method

Coa(F.) = Y (0] p(E DAG + 7, 1)],,(0) | 0)
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' [_attice stmulations
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The HALQCD method

To enhance the signal, the following ratio was attempted:
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Lattice setup for p — A s

,6 L3 X T a M Nconfs

C24P29(6.20 24° x 72 0.10530 292.7(1.2) 872
C32P29(6.20 32° x 64 0.10530 292.4(1.1) 984
C48P23|6.20 48° x 96 0.10530 225.6(0.9) 265
C48P14(6.20 48° x 96 0.10530 135.5(1.6) 259
F48P21(6.41 48° x 96 0.07746 207.2(1.1) 220
F48P30|6.41 48° x 96 0.07746 303.4(0.9) 359
H48P32|6.72 48° x 144 0.05187 317.2(0.9) 274

7 different ensembles: 3 different lattice spacings,
pion mass 140MeV~320MeV,

different volume

Results can be extend to the physical point and the continuum limit.



Two-point Correlation Function
One-particle operators and two-particle operators

P = eabc%[us(x)(c%&)cgdz(x) — d2(@)(Cs Py ) el (@)

X [Py(1 = (-1)"imy2)lepuy(2)

Aa — 6abci

1 7 i _1)1-640 = (7
7518 (@)(CrsP ceul (@) — uE (@) (O Pr)oede (@) 73 Po (Z1,1) Ao (Z2,8) + (=1)77°° Ao (1, )P (T2, 8)],
X [P+(1 = (_1)07:’71’72)]0/332(33)

For the p-A system, correlation functions can be obtained

Con(Fot) = D (0| (p@E A + 7. 1)PJT, (0) | 0)



The effective mass

We find the appropriate time slice for the ground state saturation of the system.
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The HALQCD method

We extract the NBS wave function and the effective potential on the timeslice t/a = 3,6.

C,A(7, 1)
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Phase shift from the HALQCD method

We parameterize the effective potential in this form
Argonne-type form factor

_ 2
_ —kc1rl —kCar? o —acr? V& Far
V(r) =vc1e + vooe +vo3(l —e

»
Gaussian form two-pion exchange
1200 - ¥ ovio
{ ¥ Fited data
1000 -
800 - z
?
s 600 -
400 -
200
0 - ¥
4 ¥
-200

0.2 0.4 0.6 0.8 1.0 1.2 1.4
r/fm



Phase shift from the HALQCD method

The scattering phase shift can be obtained by solving the Schrodinger equation
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[ iischer’s finite volume formula

The direct method for scattering on the lattice: Liischer’s finite volume method
M. Liischer, Nucl. Phys. B354, 531(1991)

n e A

Liischer formula
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[ iischer’s finite volume formula

The direct method for scattering on the lattice: Liischer’s finite volume method
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Lattice calculation

The two-particle operators for the S,(T7) and 'Sy(A;") channels

AT

Oy = py(0)A_3(0) = p_3(0)A;(0)

O = pyex)A_y(~ea) = p_y(ex)Ay (—ez) +y (—ea)A_y (e2) = p_y (—ea)A 2)
+ pi(ey)A_1(—ey) —p 1(ey)A§( ey) +p1(—ey)A_1(ey) —p_1(—ey)A1(ey)
+ Dyp(en)A_y (—es) — s (ex)Ay (=) + Py (~e)A_y (€x) — _y (—ex)Ay (e2)

The correlation matrix of the form

C7(1) = (0] 67(10/(0)| 0)

Solving the so-called Generalized Eigenvalue Problem(GEVP)
C@,(1) = 4,()C(2,)v,(1)

A, (1) = coe Bl (1 + cle_AE(t_’r))



The Effective mass of the YN system

To enhance the signal, the following ratio was attempted:

R, (1, 1) = %alt: o) x e~ AEAITN)
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Scattering length & effective range

ERE(effective range expansion)

1
k**cots(k) = a7 + Erlkz + ...

Close to the threshold, a, and 7, can be determined by minimizing the y~
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Summary and Prospect

HALQCD method: p-A NBS wave function, the interaction potential,
and phase shift;

Luischer’s finite volume method: preliminary results for finite volume

energies and phase shift;

Effective range expansion: scattering length and effective range;

HALQCD method: HEFT

Extrapolation: discretization error, pion mass, finite volume effect
p-/A: p-Z coupled channel
?\H . three-body problem
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Back up
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FIG. 1. Dispersion relation for proton (upper panel) and for
A on the C32P29 ensembles(lower panel).
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