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what if…?
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Standar Model

The SM is a quantum field theory with the following 
characteristics 

Particle Content (bosons, fermions;Q,L, …, scalars) 
Gauge Group: SU(3)C x SU(2)L x U(1)Y  
Re-normalizable (d=4,      = c = 1 )  
Lorentz Invariant (space-time). A physical system is said to 
have Lorentz Symmetry if the relevant laws of physics are 
unaffected by Lorentz transformations.              Lorentz scalar 
CPT invariant. A system is said to have CPT Symmetry if the 
physics is unaffected by the combined transformations CPT.

~

VHE...
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Lorentz Symmetry SO (3,1)

Lorentz Violation
!

Generic:  
Relatively easy to use, quick results; not fundamental, 
conservation laws? 
!
Spontaneous symmetry breaking: 
Preserve all the properties that we like from the SM.  
Bjorken’63. Nambu’68. 

Lorentz Group
SO(3)

Boost
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Generic LIV
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LIV Spontaneous Symmetry Breaking

3. Phenomenology 

�1

4
(kF )⇢�µ⌫F

⇢�Fµ⌫LCPT�even

photon

= LCPT�odd

photon

=
1

2
(kAF )

⇢✏⇢�µ⌫A
�Fµ⌫

2. Add SME terms

1. Select an SM     sector:L
LSM

photon

= �1

4
F
µ⌫

Fµ⌫ (+L
Dirac

)



6

Vacuum Cherenkov Radiation  
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F.R. Klinkhamer and M. Schreck.  
Phys. Rev. D 78, 085026 (2008)  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C. Kaufhold and F.R.  Klinkhamer 
Phys. Rev. D 76, 025024 (2007)to	 be	 submitted
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Vacuum Cherenkov Radiation  
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Xmax as measured by the Pierre Auger (left) and Telescope Array (right) Collaboration. 
The colored lines denote predictions of air shower simulation (note that different 

models are shown in the left andright panel, only Sibyll2.1 is the same). The black line 
on the right panel is a straight-line fit to the TA data.

Cosmic Rays
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Thanks!


