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Motivation for QED inclusion

I Statistical error reduced to subpercent levels for certain quantities
I Statistical error  systematic error due to neglecting QED effects

I' Increasing precision further requires QED inclusion for accuracy




Collaboration

I This work forms part of the RC* collaboration which comprises of:
I' Lucius Bushnag, Isabel Campos-Plasencia, Marco Catillo, Alessandro Cotellucci,
Madeleine Dale, Patrick Fritzsch, Roman Grueber, Jens Luecke, Marina
Marinkovic, Agostino Patella and Nazario Tantalo

I We have used computing time at the following centers:

I' Cineca

I CSCS Swiss National Supercomputing Centre

I' North German Supercomputing Alliance (HLRN)
I' Poznan Supercomputing and Networking Center




Objective

I' Baryon masses (preliminary results):
I Relevant by themselves and for calibration of QCD+QED




Formulations of QCD+QED

I Gauss's Law: only electrically net-neutral states belong to the physical Hilbert
space on a torus (p.b.c.)
I' Local gauge fixing?
I' Global zero modes not constrained by local gauge-fixing procedures
I QED; formulation?:
I Idea: Decouple zero-modes from gauge field dynamics through quenching some
gauge field Fourier modes
I' Enforce constraint A (t;0) = |, d3xA (t;x) =0
I' Constraint is non-local ¥ many properties of local QFTs are not automatic

M. Hayakawa et al., QED in finite volume and finite size scaling e [€dt on electromagnetic
properties of hadrons (2008)




QED¢ formulation

I Advantage: Totally local formulation so
renormalisability guaranteed?

I' Method: Extend physical lattice with mirror
lattice of opposite electric charges

I U(1) gauge field anti-periodic in space ¥
spatial zero-modes sum to zero

I Spectra of electrically-charged states can be
calculated without PT or gauge-fixing

Figure: C* boundary conditions

IB. Lucini et al., Charged hadrons in local finite-volume QED+QCD with C boundary
conditions (2015)
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I' Interpolate/extrapolate from lines of constant physics
I' Baryon masses for calibration I Trajectories: vary g
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ensemble n. cnfgs a OR L Mg+ L
QCD-32-1 2000 0.0539(3) fm 0 1.736(8) fm  3.52(4)
QCD-48-1 1082 0.0539(3) fm 0 1.736(8) fm  3.52(4)
[ Q*D-32-1 1993 0.0526(2) fm  0.04077(6) 1.682(5) fm 4.18(2)]
Q*D-32-2 2001 0.0505(3) fm  0.04063(6)  1.62(1) fm  2.89(3)
[Q*D—32—2+Rw 2001 0.0510(2) fm  0.0407(1) 1.631(6) fm 3.24(3)]
ensemble volume B « Ku Kd = Ks Ke Csw,SU(3)  Csw,U(1)
QCD-32-1 64 x 32 3.24 0 0.13440733  0.13440733 0.12784 2.18859 0
QCD-48-1 80 x 483 3.24 0  0.13440733 0.13440733  0.12784 2.18859 0
(oxD-32-1 64 x32° 324 0.05 0.135479  0.134524 0.12965  2.18859 1)
Q*D-32-2 64 x 32° 3.24 0.05 _ 0.135500 0.134617 0.120533 _ 2.18850 T
[Q*D—32—2+Rw 64 x 32°  3.24 0.05 0.1355368 0.134596 0.12959326  2.18859 1 ]







