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2) Propagation of proton EHECR
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3) LIV effects on the proton CR energy spectrum
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COSMIC RAYS SPECTRUM

.

Ref.[1],[2].
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COMPOSITION OF COSMIC RAYS

Ref.[2].
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PROPAGATION OF PROTON COSMIC RAYS

Energy losses:

• Redshift:                   H(0)

• Pair production:

• Pion production:
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GZK cutoff: threshold ~6x1019eV



PROTON ATTENUATION LENGTH
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ENERGY LOSS EQUATIONS
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REDSHIFT:

PAIR PRODUCTION:

PHOTOMESON 
PRODUCTION:



ENERGY EVOLUTION OF COSMIC RAY PROTONS
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ENERGY EVOLUTION OF COSMIC RAY PROTONS
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REDSHIFT:

PAIR PRODUCTION:

PHOTOMESON 
PRODUCTION:



ENERGY EVOLUTION OF COSMIC RAY PROTONS
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ENERGY EVOLUTION OF EHECR PROTONS
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HORIZON OF PROTON EHECR
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ORIGIN OF EHECR

PAO hotspot                                                   TA hotspot

Ref.[4],[5].
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LORENTZ INVARIANCE VIOLATION FRAMEWORK

.
How this works
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LORENTZ INVARIANCE VIOLATION FRAMEWORK

.
How this works
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INELASTICITY

.
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+ LIV



INELASTICITY

.
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PROTON ATTENUATION LENGTH
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ENERGY EVOLUTION WITH LIV
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PROTON ATTENUATION LENGTH
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EFFECT OF DIFFERENT LIV ORDER ON INELASTICITY K
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2nd order                                 3rd order                             4th order



EFFECT OF DIFFERENT LIV ORDER ON INELASTICITY K
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PROTON COSMIC RAY SPECTRUM
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PROTON COSMIC RAY SPECTRUM
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E (eV)



PRELIMINARY CONCLUSIONS
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• Higher order LIV corrections has the same effect on propagation.

• LIV effect on GZK horizon - sources further away are possible.

• LIV recover the “tail” of the cosmic ray spectrum.
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FLUX
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HORIZON OF DIFFERENT PARTICLES

Proton Si nuclei                               Fe nuclei

• Si nuclei

Ref.[3].
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TRANS-GZK EVENTS

Oh-My-God particle

• Energy = 3.2 ±(0,9) x1020 eV (51J)

• 99.99999999999999999999951% of speed of light

Events with > 5,7 x1019 eV

• Northern Telescope array                 : 7 years     109 events

• Southern Pierre Auger Observatory: 10 years     157 events
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ENERGY EVOLUTION OF COSMIC RAY PROTONS

31



EFFECT OF DIFFERENT LIV ORDER
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MY PROJECT

.
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Modified physical 
quantities

Modified spectrum  of CR Effect on the GZK horizon
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ENERGY EVOLUTION OF COSMIC RAY PROTONS
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LORENTZ INVARIANCE VIOLATION FRAMEWORK

.
How this works
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