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Lorentz Violation (or deformation) appears in various 

Quantum Gravity Theories.
Energy dependent dispersion and speed of light. 

Quantum Gravity Effect at low energies
(Amelino-Camelia et al., 98)
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A phenomenological approach
The simplest leading order low-energy approximation 
of any theory that breaks Lorentz Invariance at a 
very high energy scale: ξmpl, for the deformed 
dispersion relation is:
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γ1

γ2

Energy dependent arrival time 
(Amelino-Camelia et al., 1998)

E2 = p2c2 + E2(E/ξ Mpl)n
EQG ≡ ξ Mpl
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Fermi’s observations of GRB 050910

Z=0.903 

Δt0.1MeV-30GeV < 0.9sec

⇒ E(1)
QG > 1.2·1019 GeV = 1.2 mpl 
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GRB photons & high energy neutrinos
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Stochastic (fuzzy) 
photon motion
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Stochastic (fuzzy) 
photon propagation 

Amelino Camelia & Smolin 08
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GRB 090510

We find a preliminary limit 
(δT/dE)f<0.4sec/GeV. 

This should be compared with 
the limit                 
(Δt/dE)s<0.01sec/GeV      
for the systematic shift.

t=tem + (Δt/dE)s E +
f(δT/dE)f E 

f is a random 
Gaussian variable



Conclusions
• GRBs timing gives the best limits on the scale of 

possible Lorentz violation: E(1)
LV> 1019 GeV 

• High energy neutrinos are essential for n ≥ 2.   

• GRB neutrinos provide the best venue for 
detecting of setting upper limits on Loretnz 
violation with any n ≥ 2.  

• GRB photons can also serve to put a limit on 
models with stochastic (fuzzy) motion of the 
photons.  Our preliminary limit is                     
ELV,f> 0.5 1018 GeV                      
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Spectral Lags 
(Norris, Marani & Bonnel, 99) 
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High Energy Emission from GRBs 
(EAGRET)

 GRB 940217

(Hurley et al. 1994)

GRB 930131 (Superball Burst)



This can be viewed as a 
random motion


