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Understanding the SME
entails understanding
how the LV coefficients
affect real interacting
processes. Michelson & Morley, 1887

There’s a long history of testing Lorentz 
symmetry, but only with the development of the 
SME have the possible effects that LV could 
cause been looked at systematically.



The Lagrange density for a Lorentz-violating 
free Fermion theory is:

This bilinear Lagrangian can be used to derive 
the usual propagators and external legs 
factors for Feynman diagram calculations.



Vertices can be derived similarly from 
interactions.  This makes possible scattering 
calculations involving conventional processes



… or processes that cannot occur without LV, 
such as vacuum Cerenkov radiation

… or photon decay,                    .

However, there is not yet a complete analysis of 
the decay of massless particles.



Including all possible SME terms can be very 
onerous.  It is generally best to eliminate any 
that cannot contribute (for symmetry reasons) 
before beginning.

This difficulty is even more evident for 
radiative corrections.



The 1-loop renormalization of the minimal SME 
has basically been accomplished.

However, interpreting finite radiative 
corrections can be tricky.  In gauge theories, 
there are new terms that may violate gauge 
invariance, which are automatically zero in 
Lorentz invariant theories.

Generalizations such as finite temperature 
field theory have barely been explored.



The importance of nonperturbative effects has 
also not been studied in detail.  Only a few 
examples (e.g. deformed instantons) are 
known.

It is known from direction calculations using 
equations of motion (instead of Feynman 
diagrams) that some observables are non-
analytic functions of the SME coefficient.  This 
might or might not have significant 
consequences.



Conclusion
The standard techniques used to study 
interaction processes in particle physics can 
still be used in the context of the SME.

However, some generalization is usually 
required.

Some of the necessary generalizations have 
been worked out, but others have not.


