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Lorentz Invariance Violation (LIV)

Some quantum gravity (QG) models predict a modified
dispersion relation of photons in vacuum such that their
speed would be energy-dependent.
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The LIV effect would translate, amongst others, into a time-delay between
the arrival time of photons with different energies.
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Sensitivity maximised for distant, variable and energetic source
— Active Galactic Nuclei
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Intrinsic delays

In addition to LIV-induced delays, can be generated by
sources’ emission mechanisms. Neglected so far...
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LIV effect Intrinsic effect
Distance-dependent Distance-Independent
These Intrinsic delays need to be characterized and from

LIV-induced ones in order to provide a proper interpretation for observed
delays

Such problem can be partly answered with either a data combination of
different sources at different distances in the analysis, or the
modelisation of the emission mechanisms of said sources.
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B I a 2 a rS Inner Structure of an Active Galaxy

0.1 lightyears

Active galactic nuclei (AGN) nominate hosting a
super-massive blackhole fed by an accretion disk. They can display N
relativistic jets and are surrounded by dust clouds.

Blazars are a where jets are oriented in the
direction of our line of sight.

Schematic of an AGN
Revised blazar sequence

Ghisellini et al., 2017 .. : :
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Time-dependent model
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at a}/ Synchrotron Self Compton

- Single bulk of leptonic plasma

- Evolution described with a differential equation (DE) solved analytically

- Most basic processes needed to generate a flare: acceleration & cooling
- Neglect injection and escape of particles.

Acceleration phase Radiative Cooling phase
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Generating a flare: intrinsic effects
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Normalized Flux

Light curves

286.1-372.9 peV (F = 4.6e+01 cm=>.s™)
19.8-25.8 meV (F = 2.6e+00 cm2.s™)
1.4-1.8 eV (F=1.3e-01 cm?s)
94.7-1235 eV (F =6.5e-03 cm?.s™)
6.6-8.5 keV (F = 3.4e-05 cm?.s™)
453.5-590.9 keV (F = 5.1e-09 cm?.s™)
31.4-40.9 MeV (F = 2.5e-10 cm™s™)
22-28 GeV (F =9.4e-12 cm?.s™)
150.1 - 195.7 GeV (F = 2.0e-13 cm™.s™)
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Light curves are computed
on a given

The « typical » arrival time is
taken at the

maxima
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Delays are computed with
respect to a light
curve / typical arrival time.



Injecting LIV:
simultaneous treatment

Normalized Flux

Inverse reconstruction/
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How to exploit these?
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Multi-wavelength study

How to distinguish intrinsic and LIV effects?

Spectral energy distribution
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Euclidian distance
Intrinsic only

Intrinsic delays Euclidian distance
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performed btw X-range and gamma-range data-sets.

X-range and gamma-range systematically follow the
between the 2 datasets (EBL & Klein-Nishina effects have small impact on delays).

==> gamma-range delays from the X-range ones



Euclidian distance
Intrinsic + LIV

Intrinsic delays + LIV Euclidian distance
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on the delays and thus the euclidian distance.

==> argue delays can no longer be explained by intrinsic effects only when the distance is above a
given under the SSC hypothesis: another effect is necessarily contributing (here LIV)
10



HID: intrinsic only
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: slope of the SED competed on a small energy band as a function
of the mean SED flux in that band.

X-range & gamma-range systematically follow the clockwise or anti-clockwise

LIV can change delays trend in the gamma-range
==> could as well.
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HID: intrinsic + LIV

SED HID
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B Improve it with a Dynamic

Prospects

of the euclidian distance study

ime Warping (D

'W) method

B Study the dependence between the euclidian distance and the source parameters

—> evolution law?

B Perform a fit on real or simulated data?

providing effective time delay measurements should
allow for a distinction between LIV and intrinsic effects.
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