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Motivácia 

Lorentz Invariance Violation - LIV

• string theory, 

• Loop QG, 

• non-commutative geometry, 

• space-time foam, 

• some braneworld backgrounds,

• condensed matter analogues of “emergent gravity”.



Modification of the dispersion 

relations

• Dôsledok

• A pre

• Nemá riešenie, protóny sa propagujú voľne 
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Frameworks for Lorentz violation

• Systematic modified dispersion

• Robertson-Mansouri-Sexl framework

• c2 framework

• “Doubly special” relativity

• Non-systematic dispersion

• Effective field theory

• Non-commutative spacetime

• Symmetry and relevant/irrelevant Lorentz violating operators

• Lorentz violation with gravity in EFT





Cosmic ray spectrum
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Model UHECR s LIVom

Motivácia - skúmanie alternatívnych hypotéz v súvislosti s propagáciou 
kozmického žiarenia.
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Cosmic ray spectrum



Otvorené otázky o UHECR

• Ako je možné vidieť častice s energiou väčšou ako je GZK mez?

• Aký je zdroj tak silného žiarenia E?

• Kde sú tieto zdroje?



Odpovede na tieto otázky

•Klasické

•Exotické
• LIV
•Kozmologické defekty
•Rozpad tmavej hmoty
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Rozpad tmavej hmoty
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Motivácia a predpoklady LIV

• string theory,

• Loop QG, 

• non-commutative geometry, 

• space-time foam, 

• some braneworld backgrounds,

• condensed matter analogues of “emergent gravity”. 



Forbidden reactions

• photon decay

• Pair annihilation

• Photon splitting

• vacuum Čerenkov effect



Inšpirácia

• This work can be used to study the effects of LIV on interactions not
treated here such as the pair production for protons or the inverse
Compton scattering for electrons. It can also be adapted to treat the
effects of LIV in the development of extensive air showers (EASs),
which would change the measured composition.



Z čoho sa vychádzalo:

• modification of the dispersion relations

• Dôsledok

• A pre

• Nemá riešenie, protóny sa propagujú voľne 



Teoretický základ

Nerozpadavajú sa ak:



Inšpirácie

• These are probably the most important affecting UHECR propagation
and interaction, but certainly a general analysis of all aspects of LIV
on cosmic ray physics would be very welcome.

• In principle, all aspects of UHECR physics can be modified by LIV. For
instance, LIV can affect the cosmic ray acceleration processes, and
also the energy losses during acceleration.

• As an example, consider LI violation with fi > 0. In this case, as soon as
the energy of the accelerated nucleus is above some threshold,
vacuum Cherenkov process becomes possible and essentially no
further acceleration is possible.
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Z čoho sa vychádzalo

threshold energia proton

threshold pion

ak                             tak

kvadraticka rovnica ktora ma realne korene pre


