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The SME is theory
formulated in terms of
the fermion and boson
fields of the standard
model.

This is very convenient for QED tests involving 
electrons and photons, but not so much for 
strongly interacting matter.



Most of the everyday matter around us is 
protons and neutrons.  These are composite 
quanta built out of the fundamental fields.

The structure here is fundamentally non-
perturbative and hard to capture with just 
quark and gluon parameters. 



The SME is an effective field theory valid at 
energies small compared with the Lorentz 
symmetry breaking scale.

Generally, a low-energy EFT is only valid up to 
some scale, which marks where new physics 
takes hold.

For example, the Fermi theory of β-decay works 
well below the electroweak scale.



In the strong interactions, there is another 
kinds of spontaneous symmetry breaking—and 
an EFT the is useful below the relevant scale.

This is chiral symmetry breaking, for which the 
scale is about 100 MeV (the pion mass).

“Sombrero”



In χPT, the natural quanta are the light 
hadrons.  If we only consider two flavors of 
quarks, this means the nucleons—which form 
an isospin doublet (p, n)—and the pions, which 
are an isotriplet.

The pions are light because they are pseudo-
Goldstone bosons of the broken symmetry.  
Pion excitations represent rolling around in the 
groove of that sombrero.



The pion and nucleon masses give two well-
separated energy scales, and there is a 
straightforward power counting scheme for the 
operators in χPT.

This power counting scheme works just as well 
for Lorentz- and CPT-violating operators as for 
the usual ones that arise in the standard 
model.  There was already an extensive 
literature on the use of χPT to describe C, P, 
and T violations separately.



χPT does not provide an exact matching 
between operators at the quark and gluon level 
and operators for the physical hadron fields.  
The remaining QCD uncertainties are wrapped 
up in a set of unknown low energy constants 
(LECs).

However, assuming the the LECs are of natural 
size, we can make direct order-of-magnitude 
comparisons between observations of SME 
coefficients for many different kinds of 
hadrons.



Conclusion
Chiral perturbation theory is used to study the 
physics of composite hadrons, which are the 
natural quanta of the strongly interacting 
sector at low energies.

χPT methods can be used to study Lorentz 
violation, and they provide the best current 
understanding of the relationships between 
bounds on SME parameters for different 
species of hadrons. 


