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Searching for violations of Lorentz 
symmetries is not just a mere curiosity 

Such violations lie at the heart of the most 
important problem of fundamental physics
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Theoretical background

Quantum mechanics General relativity

Microscopic physics Macroscopic physics

Nature 591, 225–228 (2021)Nature 464, 697-703 (2010)LHC Assuming Dark Matter

Compton wavelength Schwarzschild radius
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Theoretical background
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Theoretical background

Credits: PBS Space Time
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Theoretical background

TOP-
DOWN

solving at once all aspects of the 
quantum-gravity problem

formalisms of very high complexity and lack 
of physical intuition about observable and 
potentially testable features

BOTTOM-
UP

describing only a small subset of the 
departures from standard physics that the 
quantum-gravity realm is expected to host

producing better opportunities for 
experimental testing

Credits: PBS Space Time
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Theoretical background
Galilean invariance
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Theoretical background
Galilean invariance
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An error occurred 

Two different observers 
cannot agree on a 
common fundamental 
speed
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Theoretical background
Galilean invariance Lorentz invariance

Introducing c

as a constant

E =
1
2

p2

m

v =
∂E
∂p

=
∂ p2c2 + m2c4

∂p
=

pc

p2 + m2c2
⟶ c

For a massless particle

E2 = m2c4 + p2c2
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Theoretical background

Lorentz invariance

Introducing c

as a constant

E2 = m2 + p2

Galilean invariance

E =
1
2

p2

m

v =
∂E
∂p

=
∂ p2c2 + m2c4

∂p
=

pc

p2 + m2c2
⟶ c

An error occurred 

Two different observers 
cannot agree on a 
common fundamental 
length
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Theoretical background

Lorentz invariance LIV

Introducing c

as a constant

Introducing the Planck 
length as a constant

E2 = (m2 + p2) × f(E, EP)

Galilean invariance

E =
1
2

p2

m E2 = m2c4 + p2c2
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Theoretical background
LIV

Introducing c

as a constant

Introducing the Planck 
length as a constant

E2 = (m2 + p2) × f(E, EP)

f(E, EP) ∼ 1 for E/EP < < 1 f(E, EP) = 1 +
∞

∑
n=1

sn ( E
EQG,n )

n

Quantum-gravity 
energy scale

±1

Lorentz invarianceGalilean invariance

E =
1
2

p2

m E2 = m2c4 + p2c2
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Theoretical background
LIV

Introducing c

as a constant

Introducing the Planck 
length as a constant

E2 = (m2 + p2) × f(E, EP)

Lorentz invarianceGalilean invariance

E =
1
2

p2

m E2 = m2c4 + p2c2
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Theoretical background
In case I haven’t convinced you so far with heuristic arguments

… and many more
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Energy-dependent group velocity

Δtn ≃ ± n + 1
2

En
2 − En

1

En
QG

D(z) D(z) =
1

H0 ∫
z

0
dz′ 
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Ωm(1 + z′ )3 + ΩΛ

D
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Quantum-gravity correction is 4 orders of magnitude smaller 
than the experimental sensitivity!

Sensitivity

Planck correction

Taking the world's most sensitive experiment: LIGO/VIRGO

Testing it here in a lab?
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We need an amplifier!

∼ μm = 10−6 m

Analogy from the Brownian motion

∼ 0.1 nm = 10−10 m
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Δt ∼
E
EP

× D

1 TeV

∼ 1016 TeV

We need an amplifier!
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Δt ∼
E
EP

× D ∼ 1 − 10 s

1 TeV

∼ 1016 TeV

∝
1

H0
∼ 1017 s

We need an amplifier!
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Testing it from astrophysical observations

Δtn ≃ ± n + 1
2

En
2 − En

1

En
QG

D(z)

High energy Long distance

3 ingredients are needed for a LIV study

Time variability
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Type of sources for LIV studies

Time variability High energy Long distance

A lot! Yes! No
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Type of sources for LIV studies

Time variability High energy Long distance

Yes, 
if you catch the 

prompt emission

Not very good 
because of EBL Yes!
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Type of sources for LIV studies

Time variability High energy Long distance

Yes!Yes, 
when they are flaring

Not very good 
because of EBL
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Sources analyzed so far by IACTs in search for LIV effects

NO LIV EFFECTS OBSERVED SO FAR
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MAGIC studies in search for LIV effects

Physics Letters B 668.4 (2008): 253-257
290 citations
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The Astrophysical Journal Supplement Series 232.1 (2017): 9
48 citations

MAGIC studies in search for LIV effects
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Physical review letters 125.2 (2020): 021301
72 citations

MAGIC studies in search for LIV effects



Giacomo D’AmicoThe 20 MAGIC years symposium - La Palma 28

MAGIC studies in search for LIV effects

… and many many contributions to international conferences
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Sources analyzed so far by IACTs in search for LIV effects

Image credits: Jelena Strišković 

Lower bounds on the quantum-gravity energy scale obtained so far by Cherenkov telescopes

MAGIC analysis 
on GRB 190114C
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Sources analyzed so far by IACTs in search for LIV effects

MAGIC has pioneered the exploration of LIV using gamma-
ray observations  
being the first collaboration to investigate these effects with 
a GRB 
achieving energy scales nearing the Planck energy!

TAKEHOME MESSAGE:
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Outlook

THE PLANCK ENERGY SCALE
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Outlook

THE PLANCK ENERGY SCALE
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Outlook

THE PLANCK ENERGY SCALE
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THANK YOU FOR YOUR ATTENTION


