The A(1405) from Lattice QCD: Something about determining the Finite-volume === I

Spectra HIM

John Bulava, Barbara Cid-Mora*<, Andrew D. Hanlon, Ben Horz, Daniel Mohler, Colin Morningstar, ald [t 37

Joseph Moscoso, Amy Nicholson,

1GSI Helmholtzzentrum fur Schwerionenforschung GmbH, Darmstadt, Germany

“Techn

Hadronic scattering amplitudes determined in Lattice QCD using

Helmholtz-Institut Mainz

Fernando Romero-Lopez, Sarah Skinner, Andre Walker-Loud

7 TECHNISCHE
UNIVERSITAT
DARMSTADT

iIsche Universitat Darmstadt &, Germany

ABSTRACT

LUscher’s formalism depend crucially on the finite-volume energy spectrum. Due to the critical dependence of the amplitudes on

the spectra, this work presents some of the technical details of determining such spectra for the scattering amplitude of the coupled-channel w2 — KN [1,2]. Finally, the results exhibit a two-pole
structure for the A(1405), a virtual bound state below the 7X threshold and a resonance pole right below the KN threshold.

Ensemble details

Finite-volume energies

The coupled channel 7¥ — KN scattering amplitudes in the A(1405) region and below wrA were Single hadrons and correlator matrices were treated slightly different.

explored using a single ensemble of gauge configurations (Ny =2+ 1) [4].

The D200 ensemble of QCD gauge configurations

+ Single Hadrons: Diverse fit models were used, one- and two-exponentials fits, and
geometric-exp series. Final results for single hadron masses are shown in Table 2.
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(See Ref. [2] for the complete list)

am,  0.06533(25) amy  0.3634(14) amyg  0.15602(16)

— Autocorrelation was studied us-
iIng the computation of the pion mass
(see Fig. 1) including binning and

number of Bootstrap samples, which - 1 5
were chosen as Ny, = 10 (binning)
and Np = 800 (number Bootstrap

amy,  0.3830(19) amy  0.3143(37) am=  0.41543(96)
- Table 2. Summary of hadron masses in Lattice units.
0 Ny = 20 = + GEVP Eigenvalues: Additionally the one-exponential fit to a ratio of correlators was

included for the GEVP eigenvalues.

Figure 1. (Top) Ratios of variances for fits to m, for different bin

samples). sizes. (Bottom) Correlated-x? of two-exponentials fit to m, versus Ru(t) = An(t)
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The extraction of the finite-volume energy spectrum was done using the variational method through \ L \ L

two independent analyses (more details of this method in Ref. [3, 5, 6]).
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Figure 2. Center-of-mass finite-volume energy spectra under
variation of diagonalization method and diagonzalization time (¢y)
for single pivot method.

Eron—int - non-interacting energy sum close to the stationary state energy. This ratio
allowed us to determine the energy interaction shift aAE whilst taking advantage of

(GEVP) noise-cancellation. The lab-frame energy was obtained:

to : metric time.
tq : diagonalization time.
A, : eigenvalues.

aB™ = aAE + aE"" ™
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Figure 4. Stability plot of energy fit for the lowest level of the G, irrep using diverse fit
models, including two different non-interacting ratios.

Conclusion
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v/ The finite-volume spectra was extracted reliably using different methods, which included variations of the
implementation of the GEVP and a variety of fit models.

v/ The results from all mentioned approaches were consistent along the analysis, and the set of energy levels showed
good agreement between them (see Fig. 5).

v/ Subsequently this spectra was used as an input to compute Scattering amplitudes using Liischer’s formalism (see
parallel talk by Fernando Romero-Lépez).
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