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Extracting energy levels

e It has been shown by Meyer [1] that one can extract the pion form factor in the timelike region e We plot the effective energies in each frame

2m, < /s < 4m, using lattice QCD.
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e In order to obtain it, we need to study the p resonance on the lattice, whose principal decay is p — 77 - mrton %’ 1 wwg(l)ﬂ% -----
O 6 SETEPEPEPEPEPRPRPPD @@@ ............................ - R P N | A mmw(0, 1) -----
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Distillation approach Effective energies of the 4-matrix states in the A; irrep in the d° = 1 moving frame. Each colour depicts

an effective energy from a different chain of eigenvalues.

e The inversion of the Dirac matrix K is computationally very expensive.

aEeff
e Distillation uses a special kind of hermitian smearing matrix S = VSVST. = Just VSTK_lVg, a much 0.5 g free levels:
smaller matrix has to be calculated and stored on disk. & mm(0,1) -
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e Quark lines Q (a smeare-to-smeared quark propagator) can be expressed as an expectation value of % % 2 My -

Distillation-sink vectors ¢ and Distillation-source vectors p:

Q= E@(p)(" (o).
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e The noise vectors p are defined in the Distillation subspace, obeying E(p) = 0 and E(pp!) = 1. Effective energies of the states in the A; irrep in the d® = 1 moving frame from a reduced 2 matrix with

just the lowest 77 interpolator. The bands are fit values from a fit of a constant plus one exponent, fit
e P are the Dilution projectors in the Distillation subspace. window depicted by the length of the bands.

e We use full distillation for the quark lines connected to the source timeslice, and stochastic distillation

for the sink-to-sink lines. Other irrePS and frames
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o T x L> = 64 x 327 at a lattice spacing of a = 0.0658 fm [4] _ _ o _ ) _
Effective energies of the lowest 2 X 2 matrices in the Ej irrep (d° = 1) on the left panel and the A; irrep

e pion mass of 437 MeV [5] (d* = 3) on the right panel.

Interpolator setup Phase shift diagram

e We analyse 4 different frames: e Using Liischer's method [9] we can match the finite-box lattice data to the continuum theory.
e Centre-of-mass frame (CMF), P = 2d = 0 5
e Moving frames: d* € 1,2, 3, averaged over all possible directions on the lattice. T/ = \E%\ ___________________________________ * e

e We analyse different lattice irreps in the moving frames.

e We use a matrix (size depending on the frame) which contains a p interpolator and 77 interpolators
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(@) 2L3/2 EX: ( 75 )( ) Phase shift 0 plotted as a function of the centre-of-mass energy F..,,. The different colours correspond to
_ 1 —iqx (] the different irreps in the respective frames. The lowest two energy levels in each irrep have been used for
m(q,t) = 27,3/2 Z € ( 75/“) (x,1) this plot. Because 0 is actually a function of £, the errorbars in this plot are curvy lines.
o We use isospin symmetry m,, = my e We can also plot d into a K-matrix plot and perform a linear fit in the function:
Pom (S = b 2
GEVP EcmC()( >_%< o cm)
e We get a correlator matrix: e The results of this fit are:
e'(0))  (p(t)(rm)(0)) )
C(t) = % : am, = 0.3118(42) Gprm = 6.87(1.41)
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e In each frame and in each lattice irreducible representation (irrep) we solve a generalized eigenvalue e The naive rho mass in comparison: am yaive = 0.3208(29)
problem (GEVP) [6,7] of this matrix:

C(t)v = At)C(ty)v Future work

e The statistics used in this study so far are about 35% of the configurations on our exploratory ensemble.

e Window method [8]: ty =t — t,,; t.,, = 3 gives the best results for our data and is used in this work. _ _ _ s
We want to improve our results by increasing statistics to the full ensemble.

e The eigenvalues A can be used to extract effective energies because their leading order behaves for large

Himes as: e \We want to continue this study on more ensembles with 2 + 1 flavours and more chiral ones.

e We have all the tools needed to calculate correlators such as <V}(t)0}(0)> with pointlike and point-split
AR () — e t=t) B currents at the sink.

e Using those we will be able to obtain the matrix elements (€2|V;|k) which can be used to better
understand the large-t behaviour of the vector-vector correlator G(t) = (V;(¢)V;(0)) that is used for
a/l"". [10]

e By taking the logarithm of these eigenvalues, effective energies (effective masses) can be extracted:

(t) = L A (t)

L e These matrix elements are also necessary to obtain the pion form factor in the timelike region [1] from
our data, which we can use to reduce finite-volume effects in G(t). [10]

(k)
Beory

References
[1] H. B. Meyer, Lattice QCD and the Timelike Pion Form Factor, Phys. Rev. Lett.107:072002 (2011) [6] C. Michael, Adjoint sources in lattice gauge theory, Nucl. Phys. B259, 58 (1985)
[2] M. Peardon et al., A novel quark-field creation operator construction for hadronic physics in lattice QCD, Phys.Rev.D80:054506 (2009) [7] M. Liischer, U. Wolff, How to calculate the elastic scattering matrix in two-dimensional quantum field theories by numerical simulation, Nucl. Phys. B339, 222 (1990)
[3] C. Morningstar et al., Improved stochastic estimation of quark propagation with Laplacian Heaviside smearing in lattice QCD, Phys.Rev.D83: 114505 (2011) [8] B. Blossier et al., On the generalized eigenvalue method for energies and matrix elements in lattice field theory, JHEP 0904 (2009) 094
[4] P. Fritzsch et al., The strange quark mass and Lambda parameter of two flavor QCD, Nucl.Phys.B865 397-429 (2012) [9] M. Liischer, Volume Dependence of the Energy Spectrum in Massive Quantum Field Theories, Commun. Math. Phys. 104, 177-206 (1986)

[5] S. Capitani et al., Nucleon electromagnetic form factors in two-flavour QCD, Phys. Rev. D92: 054511 (2015) [10] D. Bernecker, H. B. Meyer, Vector Correlators in Lattice QCD: methods and applications, Eur.Phys.J. A47 (2011) 148




