
Searching for LIV effects
with SSTs and ASTRI

 
Tomislav Terzić

 

From 9 to 40: the SST Telescopes and
Gamma-Ray Science with ASTRI and CTAO

Haus Sexten, 24 July 2026

uniri-iz-25-119

IP-2022-10-4595



Tomislav Terzić — LIV with SSTs and ASTRI — From 9 to 40

Lorentz invariance violation (LIV)

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

Expectation:

photon
energy

QG 
energy 
scale

S = ±1
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Consequences of MDR

● Energy dependent photon group velocity
● Modified reaction thresholds & cross sections

○ Breit-Wheeler
○ Bethe-Heitler 
○ Compton scattering → see Abdalla & Böttcher (2018); σKN needs to be 

derived in LIV framework
○ Synchrotron emission → energy range below ASTRI domain
○ Photon decay
○ Spontaneous gamma-ray emission
○ … 

● Vacuum birefringence → requires polarisation measurements
● ... 
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LIV reviews:
● 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

currently being revisited 
at theoretical level}

Tiny but cumulative effects!

https://arxiv.org/abs/1809.00477v1
https://arxiv.org/abs/2111.05659
https://arxiv.org/abs/2109.09072
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Energy dependent photon group velocity
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Caroff+ 2025

for JP model

https://arxiv.org/abs/2412.16048
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SST / ASTRI role
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Andreas Zech on Wednesday:
Stefano Vercellone 
on Wednesday:      

Giovanni Ceribella on Tuesday: 
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yLIV Working Group

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

● Energy range: ~20 GeV – 100 TeV
● Combining all available data

○ Increases statistics
○ Sources at different distances
○ Redshift dependency on the LIV effect
○ Different (types of) sources

■ Reduces the influence of source 
intrinsic effects

● Analysis code written and tested
● Currently analysing real data for the paper

Bolmont+ 2022

LST

https://arxiv.org/abs/2201.02087
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LIV-modified gamma-ray absorption
Terzić, Kerszberg, Strišković (2021)

Carmona+ (2024)

Favourable source characteristics

● Bright source → high y-ray flux → rich statistics
● Hard spectrum → ample events at the highest energies
● Steady spectrum → lower systematic uncertainties
● Faraway source → accumulated LIV effect
● But not too far → complete y-ray absorption regardless of LIV 8

https://arxiv.org/abs/2109.09072
https://arxiv.org/abs/2404.07842
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GRB 221009A
● Long GRB observed by LHAASO

(2023A, 2023B): T0 — T0 + ~ 6000 sec
● BOAT (Brightest of all time) ✅
● The LHAASO-WCDA: > 6.4 x 104 y-rays in 

[200 GeV, 7 TeV] range ✅
● LHAASO-KM2A: y-rays up to ~ 13 TeV ✅
● ⍺ ~ log(t) ❌ (but we’ve got it covered)
● redshift z = 0.151 ✅
● T0 + 4536 s Carpet-2 detected a single 

photon-like event of 𝐸 = 300 TeV from BOAT 
direction (Carpet-3 Coll. 2025)

LHAASO Coll. (2023A)
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https://arxiv.org/abs/2306.06372
https://arxiv.org/abs/2310.08845
https://arxiv.org/abs/2502.02425
https://arxiv.org/abs/2306.06372
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Looking for LIV in BOAT
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● Maximum measured energy: Emax = 13 TeV
● Intrinsic spectrum: 

○ reconstructed intrinsic spectrum in the
T0 + 231 — T0 + 2000 s (first 5 reported time 
bins) and weight-averaged over time
(procedure from Miceli+ 2024)

○ scale flux to fit the flux points from the 
T0 + 231 — T0 + 240 s (yellow points in the plot)

○ power-law with exponential cutoff to motivate Emax

⍺ = 2.3, E0 = 1 TeV, Ecut = 13 TeV
● EBL model: Saldana-Lopez (2021)
● LHAASO sensitivity curves

quadratic LIV (n = 2)
Adapted from 
Reščić+ (2026)

● ASTRI sens. curves provided by S. Vercellone (Grazie mille!!), 
update of S. Lombardi+ (2022)

● Caveat: ASTRI sens. curves for Zd = 20 deg, 
GRB 221009A location from Canarias Zd = 30 – 55 deg

https://arxiv.org/abs/2405.07831
https://arxiv.org/abs/2012.03035
https://authors.elsevier.com/c/1nNZ07t6qqQz5q
https://pos.sissa.it/395/884
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EBL model dependence 
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● EBL models: Saldana-Lopez (2021), Finke (2022),

Dominguez (2011) 

Vercellone+ (2022)

Adapted from 
Reščić+ (2026)

https://arxiv.org/abs/2012.03035
http://arxiv.org/abs/2210.01157
http://arxiv.org/abs/1007.1459
https://doi.org/10.1016/j.jheap.2022.05.005
https://authors.elsevier.com/c/1nNZ07t6qqQz5q
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Maximum flux vs LIV energy scale
● LIV energy scale vs. Maximal measured energy

● Relation invariant of the intrinsic spectrum

Reščić+ (2026)
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https://authors.elsevier.com/c/1nNZ07t6qqQz5q
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LIV impact on gamma-ray detection
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Credit: Los Alamos National Lab

Credit: CTA

EQG

Effect opposite to 
EBL absorption in 

subluminal 
scenario!

● Crab nebula spectrum (Rubtsov+ 2017)
● Phenomenological study (no LIV-modified 

shower simulations)

https://arxiv.org/abs/1611.10125
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LIV impact on gamma-ray detection
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Credit: CTA

EQG

Effect opposite to 
EBL absorption in 

subluminal 
scenario!

● Crab nebula spectrum (Rubtsov+ 2017)
● Phenomenological study (no LIV-modified 

shower simulations)

Shower simulations 
with LIV

https://arxiv.org/abs/1611.10125
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Combining LIV effects

15

∙ n = 1: time delays + modified interactions + vacuum birefringence
∙ n = 2: time delays + modified interactions (Rubtsov+ case)

Rubtsov+ 2012

Mrk 421 MAGIC flare 2014  Strišković (2025)

Terzić & Mrakovčić (2025)

ANN-VIL – attempt at 
combining LIV effects

http://dx.doi.org/10.1103/PhysRevD.86.085012
https://urn.nsk.hr/urn:nbn:hr:194:033292
https://arxiv.org/abs/2509.14818
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Takeaways

● SSTs and ASTRI window 
towards LIV wide open

● Main advantage: sensitivity 
to highest energies among 
Cherenkov telescopes

● Time delays
○ Focus on highly variable sources in the 

E > 1 TeV domain (blazars, pulsars, GRBs?)
● gamma-ray absorption

○ Focus on spectral recovery region (no absorption → no EBL-model dependence)
○ Use proper LIV-modified reaction thresholds and cross sections

● EM atmospheric showers development → the higher the energy, the better
● Testing coexisting LIV effects on individual samples 

16
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Backup
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ToF systematics
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Bolmont+ 2022

https://arxiv.org/abs/2201.02087
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VHE gamma-ray absorption

● Low-energy photon background (CMB, EBL, radio, ...)
● Breit & Wheeler (1934): 

● gamma-ray energy determines
 the dominant target photon field
[De Angelis, 2013]:

○  0.1 TeV ≤ E ≤ 100 TeV → EBL
○ 100 TeV ≤ E ≤ 107  TeV → CMB 

● Most recent state-of-the-art
EBL models:

○ Saldana-Lopez et al. (2021) 
○ Finke et al. (2022) 

Plot by Filip Reščić
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http://arxiv.org/abs/2012.03035
http://arxiv.org/abs/2210.01157
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Methodology
1. Intrinsic spectrum: extrapolate reconstructed intrinsic state into the 100 

TeV energy range

2. Investigate gamma-ray absorption assuming subluminal quadratic LIV 

at different LIV energy scales Λ

3. Identify energy intervals in which LIV-enabled flux recovery could be 

detected

Terzić, Kerszberg, Strišković (2021)
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https://arxiv.org/abs/2109.09072
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LHAASO Coll. (2023B)

LHAASO scaled EBL

Reščić+ (2026)

● LHAASO: EBL scaled based on GRB 221009A observations assuming standard physics

○ EBL intensity: 40% Saldana-Lopez (2021) → lower y-ray absorption – same effect as LIV

○ LIV-recovered spectral peaks remain ~ same
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https://arxiv.org/abs/2310.08845
https://authors.elsevier.com/c/1nNZ07t6qqQz5q
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LIV-modified cross section influence

Carmona+ (2024)

● ꞘLIV
(expl) → Carmona et al. (2024)

● ꞘLIV
(2)   → BW with modified s

● ꞘLIV
(1)    → BW with cutoff
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Reščić+ (2026)

https://arxiv.org/abs/2404.07842
https://authors.elsevier.com/c/1nNZ07t6qqQz5q

