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Introduction

» Most hadrons are resonances described by their mass and decay width
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» Scattering lengths are fundamental quantities in QCD and ingredients for : : : : : :
EFTs and interesting for nuclear physics 3.5 o e s s

» Lattice QCD: Non-perturbative description from first principles

» Scattering a priori defined in continuous Minkowski space and cannot be
calculated directly from the lattice [1]

» Use Luscher Method [2]: Scattering parameters can be calculated from <
effective mass and energy plateaus of two particles in a box

» Extensions to moving reference frames [3], [4]
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» Want to calculate energy levels for multitude of reference frames and 0.5 = | | .
irreducible representations of octohedral groups | | . .
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» Laplacian Heaviside smearing of quark fields [5] o35 0.40 0.45 0.50 0.55 0.60
» Eigendecomposition of Laplace matrix and truncation to the first IV, Loy
eigenvectors on each timeslice I = 1 7 scattering phase shift for the B55 ensemble. The black line is a fit of
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» Scaling problem on large lattices tan(d;) = 2= V/ Pl/amm data, where g, is the p — 7 coupling and m,, is the rho
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» Stochastical approach: Introduce random vectors , p, in T', D and V mass.

» Dilution of random vectors, P(b)p, to reduce variance

» Quark line © stochastical estimate for the propagator Results for m,

Q=Y E(V.V/D V.POp(V,POp)1)
b
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» Save perambulators and randomvectors to disk +
» Correlation functions by performing Wick contractions for the desired 2Ap T S R I - + """""""""" ]
operators N _— o T i _— ______________ o
» Expensive method, but propagators can be stored and reused ! “P
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Overview of the used ETMC Ensembles 3 . f f f f f f
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A30.32 32 64 161 0.086 284 el o o I T T o o
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A100.24 24 48 313 0.086 510 Dependence of the rho mass 7gm, on the pion mass rom . 7 is the Sommer parameter. The
B55 32 39 64 256 (0.082 372 black hexagon is the corresponding PDG value. [7]

D45.32 32 64 300 0.062 334

All Ensembles are generated by the European Twisted Mass Collaboration [2] with Results for gprm
Ny =2+ 1+ 1 Clover-fermions
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Calculation of the phase shift
» We used moving frames with lattices momenta up to P = (2,0, 0) in the 6 ------- ‘ ------------- M*ﬁ --------- ------- S -------------- ------ :
Aj-irreducible representation of the octohedral group i
» For each moving frame, generalized eigenvalue problem: s _____________ ______________ ______________ ______________ M _________ ______________ ___________ +
Coua(ts — 1) = (<(7T7T)(t1)(7777)7(t2)> ((mm)(t1)p'(t2)) > . SRR R R R 6 R S T
(p(t1)(mm)i(t2))  (p(t1)p'(t2)) >
» with operators L R
(77) (t) = (@(t)ysexp(—iPE)d(t))(a(t + 1)ysexp(+iPE)d(t + 1)) e
(P) (t) — ﬂ(t)’)’iexp(_ipf)u(t) + d(t)'YieXP(_in)d(t) 0—%'% A ensembles| f """"""" T """ . """"""" N
» Quarks in (7v7)(t) on different timeslices to avoid Fierz rearrangement 11 B ensemble P rel I m 18 a ry
"I“ "I“ D ensemble \_: | | | D
» Obtain phaseshift from relation —2L— ' ' i i i i |
. 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
det (€**'(M — 41) — (M +41)) = 0 (1) (roam.)?

Dependence of the p — 77 coupling on the pion mass rom . ¢ is the Sommer parameter.

» Neglect mixing with higher partial waves _ |
The black hexagon is the corresponding PDG value. [7]

» M analytically from solutions of the generalized eigenvalue problem, pion
mass and total momentum of the moving frame
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