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Lorentz invariance

LIV - Spectral - Temporal - Correlations

Symmetry of relativity

Energy-momentum dispersion relation Dispersion relation of photons
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Lorentz invariance violation (LIV)

LIV - Spectral - Temporal - Correlations

Quantum gravity and “foaming” spacetime
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Lorentz invariance violation (LIV)

LIV - Spectral - Temporal - Correlations

Some things that we can look for using VHE gamma-rays

Interaction thresholds
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Lorentz invariance violation (LIV)

LIV - Spectral - Temporal - Correlations

1. LIV with energy thresholds (spectral)

2. LIV with time delays between photons (temporal)

3. LIV with time delays between photons & neutrinos (correlations)




The EBL absorption of sources emission

LIV - Spectral - Temporal - Correlations

Measuring the extragalactic background light (EBL)
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The EBL absorption of sources emission

LIV - Spectral - Temporal - Correlations

Measuring the extragalactic background light (EBL)
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Fundamental physics with EBL

LIV - Spectral - Temporal - Correlations
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Fundamental physics with EBL

LIV - Spectral - Temporal - Correlations
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Search for a spectral LIV

LIV - Spectral - Temporal - Correlations
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Search for a spectral LIV

LIV - Spectral - Temporal - Correlations

Z I 1 1 — 9 00
T(E,Z):/O %dz’/ d cos 0 2COS / de'o (B )n(€, 2")

—1 €th
N 1
/
Depends on cosmological Depends on an eventual Density of EBL
parameters, like Hq LIV effect photons/energy

Current work:
project with Lucas Gréaux (1JCLab - Bochum, Germany) & Guillaume Grolleron (LPNHE - LAPP)

* Method independent of spectral modelization & EBL model

» Largest dataset possible from Cherenkov telescopes, with IRF

Part of a taskforce with members of several Cherenkov telescope collaborations
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Lorentz invariance violation (LIV)

LIV - Spectral - Temporal - Correlations

1. LIV with energy thresholds (spectral)

2. LIV with time delays between photons (temporal)

3. LIV with time delays between photons & neutrinos (correlations)
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Search for a temporal LIV

LIV - Spectral - Temporal - Correlations
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Search for a temporal LIV

LIV - Spectral - Temporal - Correlations
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LIV with y-rays: problems

LIV - Spectral - Temporal - Correlations

Problem 1: Freedom of choice for modelisation of propagation

2.5III‘III\I\I\II\IIlI\II\II\III\I\II

o
N
T
IN1 )

o
=

Atn:in+1 AFE ; Kn(2) —

2 ELIVn Hy Needs to be “chosen”

©

{2

o
[=]
a
T

15

0.05 Lottt ettt

K(z)

- JP :
Ky, (Z) Jacob & Piran, 2008

0.5
o 58}1{2(2’ 041,062,043) Doubly special relativity

IIII|IIII|||‘II|IIKIIIIIII
/

0
: Caroff et al, 2025 e
B I ¥ B i
Redshift z

15



LIV with y-rays: problems

LIV - Spectral - Temporal - Correlations

Problem 1: Freedom of choice for modelisation of propagation
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Problem 2: Intrinsic source delays may appear
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LIV with y-rays: problems

LIV - Spectral - Temporal - Correlations

Problem 1: Freedom of choice for modelisation of propagation
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- Combination of sources distributed over a large range of redshifts
- Combination of various sources (and flares) and various types of sources 17




Combination of Cherenkov telescopes data

LIV - Spectral - Temporal - Correlations

H.E.S.S. MAGIC VERITAS

' © Max MEfck IAstitute for Physics / R. W.

H.E.S.S. collaboration./-C..Medina

Ugo Pensec & Julien Bolmont (LPNHE) Tomislav Terzic (Croatia) Samantha Wong (Canada)
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Combination of Cherenkov telescopes data

LIV - Spectral - Temporal - Correlations

H.E.S.S. MAGIC VERITAS
1 AGN flare (z=0.11610) 1 GRB (z=0.425) 1 AGN flare (z=0.047)
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Combination of Cherenkov telescopes data

LIV - Spectral - Temporal - Correlations

Results & comparison

Likelihood minimisation
— delay compatible with O
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First analysis combining different types of
sources & taking into account the largest set
of uncertainties sources
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Combination of Cherenkov telescopes data

LIV - Spectral - Temporal - Correlations

Results & comparison Current work: more sources!
After LST-1, scan of H.E.S.S. data!
Likelihood minimisation _ _
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Lorentz invariance violation (LIV)

LIV - Spectral - Temporal - Correlations

1. LIV with energy thresholds (spectral)

2. LIV with time delays between photons (temporal)

3. LIV with time delays between photons & neutrinos (correlations)
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LIV with y-rays & neutrinos

LIV - Spectral - Temporal - Correlations

At
< >
! | | o 400 % mw

foy (B, 2) ki (B, 2)n

-,,,'..’:-:i At =+ _

™R Burv o

Q-

Al(s) Amelino-Camelia et al., 2023

2.5-10%

15105

5:10%F

1 1 1 1 1 «(Tev)
50 100 150 200 250

23



LIV with y-rays & neutrinos

LIV - Spectral - Temporal - Correlations
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/—\ At(s) Amelino-Camelia et al., 2023
Correlation between neutrinos & GRB triggers. 25105
* Found 10 candidates using 7.5 years of IceCube
data (HESE) based on temporal window & .
cartesian distance window. 15105} .

* Excluded the supraluminal case and kept only the
7 candidates for subluminal case.
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LIV with y-rays & neutrinos

LIV - Spectral - Temporal - Correlations
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Correlation between neutrinos & GRB triggers. 25105
* Found 10 candidates using 7.5 years of IceCube
data (HESE) based on temporal window & .
cartesian distance window. 15105} .

* Excluded the supraluminal case and kept only the
7 candidates for subluminal case.
5104t
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Compute the energy-model function k(E,z) j
— need to estimate the redshift

* Only 1 GRB has measured redshift.

« Assigned fixed values to the 6 remaining. .



LIV with y-rays & neutrinos

LIV - Spectral - Temporal - Correlations
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Correlation between neutrinos & GRB triggers. 25105
* Found 10 candidates using 7.5 years of IceCube
data (HESE) based on temporal window & .
cartesian distance window. 15105} .

* Excluded the supraluminal case and kept only the

7 candidates for subluminal case.
—
5-104t
: : - : — K{(TeV)

. . 50 100 150 200 250
From the linear fit, get Euv

Found Signiﬁcative result of n-= 21.7 £+ 4.5. Compute the energy_mode| function K(E,Z) j
They have “detected” an LIV effect!!!!!! - need to estimate the redshift
* Only 1 GRB has measured redshift.

« Assigned fixed values to the 6 remaining. »



LIV with y-rays & neutrinos

LIV - Spectral - Temporal - Correlations
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LIV with y-rays & neutrinos

LIV - Spectral - Temporal - Correlations

At
!'T!-----!""l' 'I

o~ P EEE SN

Jb.A

Internship of Debasish Chabanya co-supervised with Rafel Alves Batista

1. Correlation between neutrinos & GRB triggers.
-~ Found 13 candidates using 12 years of IceCube data (HESE) with spherical geometry.

2. Estimate the redshift of GRB (mostly unknown).

- Only 2 GRB have measured redshift. 2.50x10° |
- For the 11 remaining, used probability density B 200016 |
functions from Wanderman & Piran (2010, 2015) -
_ g ———i

3. Compute the energy-model function k(E,z) o 150x10° |
- Energy uncertainty is of +30%. g Loox16® |

a " |

- Redshift uncertainty estimated from 10,000 MC. g T Il
_ _ F s.00x10*

4. From the linear fit, get Epy O e et = 44.7)

— Reprocessing of previous dataset gives n =40 + 1100 ! 0
- Debasish’s new dataset gives n =45 + 700 - no LIV.

0 100 200 300 400 500 600
Kinematic Factor K (TeV)
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Lorentz invariance violation (LIV)

1. LIV with energy thresholds (spectral)

Using pair-production between y-rays & EBL photons
— opacity of the Universe in AGN spectra

2. LIV with time delays between photons (temporal)

AGN, GRB & pulsar combination
- energy-dependency of their light curves

3. LIV with time delays between photons & neutrinos (correlations)

Pair of neutrino detection & GRB triggers
- linear dependency of the delays vs energy
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French (for now) outreach comic

'odyssée cosmique de Pénélope

J'AlL.. T'Al MIS LE DOIGT

SUR UN TRUC INCROYABLE !
N Mals.. QUEST-CE QUE C'EST QUE ¢A 2! cNeRoyReLE

Antoin°\ G Antoine Tassel W

Sortie en novembre 2026 avec CNRS édition !
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