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Abstract rull QCD+QED simulations allow to evaluate isospin breaking corrections to hadron masses. With the openQ*D code, we are able to perform these simulations employing C-
periodic boundary conditions, implemented through a doubling of the physical lattice along one spatial direction. The use of these boundary conditions introduces non-zero Wick
contractions between two quark or two antiquark fields, that, in the case of the computation of baryon masses, lead to partially connected additional contributions that we expect
to vanish in the infinite volume limit. These contributions are challenging because they involve an all-to-all propagator connecting one point in the physical lattice and one in the mirror lattice.
We present a way to compute these corrections to the Q~ baryon mass using a combination of point and stochastic source inversions. This work is part of the program of the RC*

collaboration.

1. Motivation In order to shed light on possible violations of the Standard Model
lattice QCD simulations aim to reach percent or sub-percent precision level. To attain
such precision, isospin breaking effects must be accounted for in the measurements of
numerous hadronic observables, including meson and baryon masses. These effects do not
come only from the difference in mass of the light quarks but also from the difference
in their electric charges, for this reason the coupling of QCD to electrodynamics (QED) has
to be investigated.

2. C-periodic boundary conditions All the fields of the theory get
charge conjugated when they cross the boundaries of the lattice, making it possible to have
a total non zero electric charge.
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3. Modifications of Wick contractions taking into account the
boundary conditions we get additional non-zero contributions to quark Wick
contractions!?!
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4. Correlators for decuplet vertices Baryons correlators get partially

connected contributions due to the modification of Wick contractions?
Focusing on decuplet vertices:
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6. Types of contributions
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Partially connected: 1 quark propagator connecting x and 0
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Connected: 3 quark propagators connecting x and 0
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7. Strategy for computing partially connected
contributions Point sources can be used to compute the inverse of the Dirac operator
at a fixed source point, while stochastic sources can be used to obtain the all-to-all propagator.
Point sources
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Stochastic sources

Using the identity:
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8. Implementation The code is parallelized dividing the global lattice in local
sublattices. Due to the presence in equation (20) of the stochastic source defined in the
mirror lattice, communication between different MPI processes is needed. To reduce the
amount of memory needed, the sum in the spatial coordinates of the sink point is the first sum
to be performed.

The code is currently under testing, using check programs to verify gauge invariance and
translational invariance

Conventions m every equation capital indices are colour indices, indices in [a,d] are
Dirac indices, in [1,m] spin indices and in [x,z] space-time indices
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