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Triumphs of Einstein’s Relativity

• One of the foundations of modern physics.

• Proved to be valid at very high precision.

Lorentz Invariance,  the basic theoretical 
foundation of relativity, states that 

the equations describing the laws of physics have the same 
form in all admissible reference frames.

So is there any reason that we seek for 

Lorentz Violation ?



LV as Window on the Nature of Space-Time

• The typical scale of quantum gravity is Planck 
scale

Lorentz Violation  could be a relic probe for 

the nature of space-time & quantum gravity



Where to find Lorentz violation? 

• Many theories predict new physics beyond conventional 

knowledge, so which one is correct?

Any theory should be tested by experiments! 

• Where to do the experiments? 

the effect is too tiny to be detected on Earth 

• Looking up at the Sky again:

Cosmic photons from gamma ray bursts: 10~100 GeV or higher 

Cosmic neutrinos with much higher energy: ~TeV-PeV
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Formulas in our analysis of LV parameter
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Lorentz Violation or Light-speed Variation
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Time-lag by GRB



An intuitive way to perform analysis
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New Analysis of Data
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New Results
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New GRB: 160509A
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LHAASO Observation  of Cosmic Photons
versus

Lorentz Violation

• Highest energy photon (E=1.4 PeV) observed by human being

• Strong constraint on superluminal Lorentz violation

• Require subluminal Lorentz violation

• Leading towards a string theory model for space-time foam



Cosmic microwave background (CMB)

temperature

photon number density

mean energy per photon

3photon/cm 413n

eV 1035.6 4

Discovered in 1965  by Penzias and Wilson

K 73.2T

as evidence of relic photons from the big bang



Energy limitation of cosmic photons

cosmic photon annihilation with CMB

  eeCMB

eV 104~         )2(4 142  EmE e

Attenuation of above threshold E=370 TeV photons



Threshold Anomalies of  Cosmic Photons
due to

Lorentz Violation

• Photon annihilation is forbidden due to subluminal Lorentz 
violation.

• We predict optical transparency of cosmic photons.

• Any observation of above threshold E=370 TeV photons from 
extragalactic sources can be considered as signals for new 
physics beyond special relativity.

  eeCMB



Summary

• High energy cosmic photons provide opportunity to study the 
Lorentz violation properties of photons.

• We reveal a light speed variation from analysis of GRB data.

• The LHAASO observation of 1.4 PeV photon puts strong 
constraint on superluminal Lorentz violation.

• Subluminal Lorentz violation is required to explain the above 
threshold (E=370 TeV) photon events: 

LHAASO event of E=1.4 PeV=1400 TeV

• Our prediction of optical transparency of cosmic photons can be 
tested by LHAASO observation of any above threshold photons 
from extragalactic sources. 


