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O. Introduction
Some Issues in the HAL QCD method



HAL QCD method

A powerful method to investigate hadron interactions
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Some issues

Q1. Validity of the derivative expansion ? small parameter ?

» l. Definition of the HAL QCD potential with the derivative expansion

Q2. Is the HAL QCD potential Hermite ?

ll. Hermitian potential from non-Hermite potential

Q3. The HAL QCD potential in the moving system ?

» lll. The HAL QCD potential from the moving system

Q4. Partial wave mixings in the cubic box ?

* arXiv:1906.01987

Q5. Quark annihilation processes ?

» Yutaro Akahoshi’s talk in this session



|. Definition of the HAL QCD potential
with the derivative expansion
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This equation does not fix the non-local potential due to the restriction of energies.
Therefore we have to fix the definition of the potential (scheme) explicitly.

We here propose a scheme to fix the potential completely using the derivative
expansion.

For simplicity, let us consider the scalar particles and ignore the angular
momentum dependent part of the potential.

e We consider the expansion in terms of V2 (but not L?).
e Terms with odd number of V are not included. This is our scheme.

e The potential must be non-Hermitian. We can make it Hermitian as seen
later.

Of course, the scheme is not unique. One may use a different one.



Definition of the potential
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Demonstration
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U(Z,9) = wo(Z)v(y)
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Expansion

NLO potential is equally
good to or even better
than NLO ERE.
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ll. Hermitian potential
from non-Hermitian potential



The HAL QCD potential is non-Hermitian in general, since NBS wave functions are
not orthogonal to each other.

However, we can make non-Hermitan potential Hermitian.
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Higher orders are made Hermitian in terms of the derivative expansion.



2+1 flavor QCD
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From the difference, we can determine two terms.
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Effects of NLO contributions gradually show up as energy increases.

LO local potential after Hermitization is better than non-Hermitian one.



lll. The HAL QCD potential
from the moving system
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I resonance from the I = 0"" scattering in the HAL QCD method

“vacuum’” has the same quantum numbers *

“vacuum” state appears in the NBS wave function in center-of-mass system

v

The potential describes the vacuum as the “deeply bound state™ of two pions 7
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* no definition of the potential directly from the boosted NBS
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the HAL QCD potential in the X, scheme
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x4 = 0: equal time scheme
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For simplicity, we consider this problem for scalar field.
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1. Check the formula for he simple system

| =2 I moving systen

2. resonance in the HAL QCD potential

Il resonance inl =0 moving systern

3. extension to fermions (Baryons)

lower components mix

relativistic formulation for the “potential” ?



Our answers

Q1. Validity of the derivative expansion ? small parameter ?

* |. The derivative expansion is a part of the definition.

Q2. Is the HAL QCD potential Hermite ?

* Il. The HAL QCD potential is non-Hermite, but can be made Hermitian.

Q3. The HAL QCD potential in the moving system ?

» lll. The potential can be construed from the boosted NBS.

Q4. Partial wave mixings in the cubic box ?

* arXiv:1906.01987

Q5. Quark annihilation processes ?

» Yutaro Akahoshi’s talk in this session.



V. Partial wave decomposition
in the HAL QCD method

T. Miyamoto, et al. (HAL QCD), in preparation
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angular momentum Is conserved

partial wave decomposition Is

possible
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A choice of! , Npax and lax
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Higher L contributions seem to be removed by the Misner's method !
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The finite difference approximation enhances higher partial wave contributions.
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Statistical errors of the fit to the conventional HAL QCD data are not affected by
contaminations from higher partial waves.
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Scattering phase shift [Degrees]
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Almost identical between the conventional result and the Misner’s method.
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