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Standard Model (SM) General Relativity (GR) 

Fundamental Forces of  Nature

Gravity 

Quantum Theory Geometrical Theory

Strong

Weak
Electromagnetism
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• SM & GR: the best theories describing the 4-
fundamental Forces. 

• No conflict with predictions from either of them. 
• They are fundamentally different.

humbertomh@ifsc.usp.br

mailto:humbertomh@ifsc.usp.br


New Physics involves new features, such as: 
Higher Dimensions of s-t 
Brane World scenarios 
Noncomutative geometries 
… 
The law of relativity might not hold exactly at all  
energy scales Lorentz Invariance Violation (LIV)
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…LI may not be an exact symmetry of Nature 

Quantum Theory of Gravity?

String Theory Loop Quantum Gravity 

?…

?
…VHE-UHE
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Generic LIV dispersion relation

E2 � p2 ± ✏A2 = m2, A = {E, p}

A general modification to the dispersion relation would 
rather involve a general function of energy and momentum✏ ! ✏(A)

The dispersion relation:

E � m,
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✏(A)A2 = ✏(0)A2 + ✏0(0)A(2+1) +
✏00(0)

2!
A(2+2) +

✏000(0)

3!
A(2+3) + . . .
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LIV negligible at the 
lower standard energies  

n � 1

it is not necessarily bound to a particular LIV-model, which allows 
to generalize to some point the search of LIV-signatures.  

E2 � p2 ± �nA
n+2 = m2, �n = ✏(n)/Mn = 1/(E(n)

LIV )
n
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it is not necessarily bound to a particular LIV-model, which allows 
to generalize to some point the search of LIV-signatures.  

n=2

A general modification to the dispersion relation would 
rather involve a general function of energy and momentum✏ ! ✏(A)

Generic LIV dispersion relation

E2 � p2 ± ✏A2 = m2, A = {E, p}E � m,

n � 1

E2 � p2 ± �nA
n+2 = m2, �n = ✏(n)/Mn = 1/(E(n)

LIV )
n
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The threshold equation

Critical point

Background:

!10

Pair Production 
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⇤n > 0

⇤n = 0

⇤n < 0 Threshold-shifts

LI scenario

+2nd Threshold

H. Martínez-Huerta, A. Pérez-Lorenzana.  
Phys. Rev. D 95, 063001 (2017)
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I. Lorentz invariance violation (LIV) 

II. LIV + gamma-rays 

III. Optical Depth + LIV 

IV. GZK photon flux + LIV 

V. LIV limits BKG
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CRPropa3/EleCa (Settimo & Domenico 2015; Batista et al. 2016) 
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CRPropa3/EleCa (Settimo & Domenico 2015; Batista et al. 2016) 

Models of Source Distribution  
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GZK photon flux + LIV
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GZK photon flux + LIV

Model C3R5 was 
shown to (best) 

describe the 
energy spectrum, 
composition, and 
arrival direction of 

UHECR* 

*M. Unger et al 2015, 
 PhRvD, 92, 123001  
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❖ We studied the effect of possible LIV in the propagation of photons in the 
universe.  

❖ The mean-free path of the pair production  interaction was calculated 
considering LIV effects.  

❖ We found that even moderate LIV coefficients introduce a significant 
change in the mean-free path of the interaction  

❖ Stringent limits to the LIV coefficient were established based on source 
models compatible with the most updated data of UHECR. 

‣ The limits presented here are several orders of magnitude more restrictive 
than previous calculations based on the arrival time of TeV photons; 
however, the comparison is not straightforward due to different 
systematics of the measurements and energy of the photons. 
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