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In fixed target and collider experiments, like at CERN, Geneva, or at the upcoming Electron lon Collider (EIC) at Brookhaven National Laboratory (New
York), the structure of the constituents of nuclei, i.e. protons and neutrons (nucleons), is extensively studied. We know that nucleons are made of quarks
and gluons, however, less is known about how these building blocks arrange themselves to form a nucleon. While protons and neutrons make up the bulk
of everything we see in the universe, the quark masses account only for a small fraction of their total mass. In contrast, the dynamics of the massless
oluons gives rise to over 90 per cent of the visible mass of the universe. Insight into this world of the strong force can be obtained from numerical studies
within the framework of lattice Quantum Chromo Dynamics (QCD). Here we report on results for the mass spectrum, test the validity of quark flavour
symmetry relations and predict low energy constants of SU(3) chiral perturbation theory (ChPT). Universitat Regensburg

Coordinated Lattice Simulations (CLS) gauge ensembles SU(3) baryon flavour structure
Large scale effort to generate gauge field configurations (in a Markov chain using the hybrid Including hyperons (i.e. baryons containing at least one valence strange quark) provides a
Monte Carlo (HMC) algorithm) to perform a well controlled continuum limit wealth of additional information and allows to extract SU(3) low energy constants (LECs)
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Combined analysis of baryonic and mesonic SU(3) LECs
Octet baryon masses and the axial charges for the nucleon and the X baryon are analyzed
together in order to determine the leading order baryonic SU(3) LECs

o N; = 241 flavours of nonperturbatively O(a) improved Wilson fermions with tree-level
Symanzik improved gauge action

e Open boundary conditions in time for small lattice spacings to avoid freezing of the
topological charge
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e Three different trajectories: Symmetric line (m, = m,), constant average quark mass

(Tr M = 2my + m4 = const.) and constant physical strange quark mass (m, = const.) < 0.20
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= achieved sub-percent level accuracy of masses and Wilson flow parameter /%, [1]
= ongoing effort to further improve on the error on 4/t < important for scale setting

2
[MeV~] [MeV?]
1352 2002 2502 3002 3502 4002 3 1352 2002 2502 3002 3502 4002
‘ | L ' | | T ¥ T I

Hyperon charges and SU(3) symmetry breaking

Hyperon charges are experimentally hard to access but determinations from lattice QCD
via computation of matrix elements g7 = (B|O(J)|B) with J € {A, S, T} are possible

e Decomposition of the axial charges in LECs: ¢ = F+ D ,g5 =2F ,g5=F — D
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e [nvestigation of SU(3) flavour symmetry breaking, publication in preparation 4]

= preliminary results, e.g. axial charges (at physical point, shown by red diamonds):
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RQCD (2023, Ref. [1])

I T a1, X?/Ngor = 0.77
Sigma terms of the baryon octet = s - B a2, X2/Naor = 0.67
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e (Quark mass dependence of 0,5 and o4p via the Feynman-Hellmann theorem and NNLO
BChPT [1] consistent with direct determination (error bands lower plots) and determi-
nations from literature (upper plot)
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