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Lorentz invariance violation (LIV)
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http://universe-review.ca/R01-07-quantumfoam.htm

http://universe-review.ca/R01-07-quantumfoam.htm
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Lorentz invariance violation (LIV)

● Modified photon dispersion relation
● Usual starting point in searches for effects of QG with gamma rays

● Not a direct consequence of any particular QG model
● Simple way of parametrizing “out of the ordinary” behaviour

photon
energy

QG 
energy 
scale

S = ±1Expectation:
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Consequences of MDR

● Energy dependent photon group velocity
● Modified reaction thresholds
● Modified reaction cross sections
● Vacuum birefringence
● Modified Compton scattering
● Modified synchrotron radiation
● ...
●

● Tiny but cumulative effects
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Focus of today's talk

Check:
● Addazi et al. 2022 (arXiv:2111.05659)

for a comprehensive review of QG models 
and tests with cosmic messengers

● Terzić et al. 2021 (arXiv:2109.09072) for a 
review focused on tests with gamma rays

https://arxiv.org/abs/2111.05659
https://arxiv.org/abs/2109.09072


Tomislav Terzić --- LIV with IACTs --- TeVPA 2025

Energy dependent photon group velocity

• Difference in the time of flight of two photons E
h
 > E

l
 

Effect accumulates over astronomical distances
• Optimising for parameter
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Distance contributions comparison

• First study comparing two lag-redshift models
• Additional alternative expressions may be considered in future work
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Caroff+ 2024 
(arXiv:2412.16048)

Standard: 
Jacob & Piran (2008, 
arXiv: 0712.2170)

Interesting to play with (DSR2)

https://arxiv.org/abs/2412.16048
https://arxiv.org/abs/0712.2170v3
https://arxiv.org/abs/0712.2170v3
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Time of Flight

• Sensitivity to QG energy scale

• Challenges:

• Constraining emission time → Use fast variability sources

• Resolving intrinsic energy-dependent time delays
from LIV-induced ones → Use several different (types of) sources
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Terzić et al. 2021 (arXiv:2109.09072) 

for JP

https://arxiv.org/abs/2109.09072
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γ-ray LIV WG

• Present collaboration: 
H.E.S.S. – LST – MAGIC – VERITAS

• Energy range: ~20 GeV – 100 TeV

• Combining available data

• Increases statistics

• Sources at different distances/redshifts 
discriminates between different LIV models

• Different (types of) sources
reduces the impact of intrinsic effects

• Analysis method: Bolmont+ 2022 (arXiv: 2201.02087)
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Credits: V.Chander

H.E.S.S.

MAGIC

Credits: D.Lopez

VERITAS

Credits: VERITAS collaboration

CTAO-LST

Credit: CTAO gGmbH

https://arxiv.org/abs/2201.02087
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Astrophysical sources

• Active Galactic Nuclei

• Mrk 501 2005 flare: MAGIC (Albert+ 2008; Martinez & Errando, 2009)

• PKS 2155-304 2006 flare: H.E.S.S. (Aharonian+ 2008; 
Abramowski+ 2011)

• PG 1553+113 2012 flare: H.E.S.S. (Abramowski+ 2015)

• Mrk 421 2014 flare: MAGIC (Abe+ 2024)

• 1ES 1959+650 2012 flare: VERITAS

• BL Lac 2020 – 2021 flares: CTAO-LST

• Pulsars

• Crab: MAGIC (Ahnen+ 2017)

• Vela: H.E.S.S. (Chrétien+ 2015)

• Gamma-ray Bursts

• GRB 190114C: MAGIC
(Acciari+ 2020)
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https://arxiv.org/abs/0708.2889
https://arxiv.org/abs/0803.2120
https://arxiv.org/abs/0810.3475
https://arxiv.org/abs/1101.3650
https://arxiv.org/abs/1501.05087
https://arxiv.org/abs/2406.07140
https://arxiv.org/abs/1709.00346
https://arxiv.org/abs/1509.03545
https://arxiv.org/abs/2001.09728
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Results

• Using unbinned maximum likelihood approach
• First results based on:

BL Lac (CTAO-LST), PKS 2155-304 (H.E.S.S.), 
1ES 1959+650 (VERITAS), GRB 190114C (MAGIC)

• Maximum likelihood for:

• Bias estimated using bootstrap
Results corrected for bias:

11

PRELIMINARY
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Results

• 2 time-delay models considered:

• J&P (standard LIV, arXiv:0712.2170) 

• DSR2 designed to cancel the 
contribution from GRB 190114C
(arXiv:2412.16048)

• Systematics not fully taken into account → Final result will be less constraining
• Some sources still to be included in the analysis
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https://arxiv.org/abs/0712.2170v3
https://arxiv.org/abs/2412.16048
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Takeaways
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● First joint analysis from a cooperation of IACTs 
data for LIV

● H.E.S.S., CTAO-LST, MAGIC and VERITAS 
● Higher statistics of sources and photons

● First combination of different types of sources

● Different intrinsic characteristics reduce
influence of source intrinsic effects

● Redshift dependency on the LIV effect 

● First comparison of different distance models

● Instrument Response Functions

● Vary for each source and for each instrument
● Fully taken into account 
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● COST Action CA23130: https://www.cost.eu/actions/CA23130/
Bridging high and low energies in search of quantum gravity (BridgeQG)
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https://www.cost.eu/actions/CA23130/
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Back-up
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Likelihood analysis – for single observation
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effective
area

observation
conditions

energy
resolution

observed spectrum observed light curve

LIV induced time delay

background
no time delay

different
background
contributions

See Bolmont+ 2022 
arXiv: 2201.02087

https://arxiv.org/abs/2201.02087
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Likelihood analysis – combining observations

● Single observation

● Combining observations

● Optimising for parameter

17See Bolmont+ 2022 
arXiv: 2201.02087

https://arxiv.org/abs/2201.02087
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Systematics
See Bolmont+ 2022 
arXiv: 2201.02087

https://arxiv.org/abs/2201.02087
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