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Module 3 2: Phenomenological Implications and Experimental Constraints

3.1 Observable Effects  

Discussion on observable effects of  Lorentz symmetry violation in different physical 
phenomena (2-2) 

3.2 Experimental Tests:  

Review of  experimental methods for testing Lorentz symmetry violation and their 
implications  

3.2 Current Constraints 

Overview of  the current bounds on Lorentz symmetry violation from various experiments 

Comparison with theoretical predictions 

3.3 Hands-on block
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The threshold equation

Critical point

Background:

⇤n > 0

⇤n = 0

⇤n < 0 Threshold-shifts

LI scenario

+2nd Threshold

H. Martínez-Huerta, A. Pérez-Lorenzana. 
Phys. Rev. D 95, 063001 (2017)
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LI: Pair Production

Pair production  
area 



E. Moura
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CMB

~2.7 K 
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Extragalactic Background Light   (EBL )

Light (0.1 -1000 μm) emitted throughout life 
in the Universe. 

It hasn't been fully explained yet.

Forward evolution models: From initial conditions and extrapolated to 
the present. 
Gilmore et al (2012)  

Backward evolution: Extrapolates the current state of  the data to the 
past. Franceschini et al. (2008)  

Empirical models / observed evolution. Domínguez et al. (2011)  

~5% of the energy density of the CMB
91



C
M

B
EB

L

PP



Optical Depth

BKG

-COSMOLOGY -  
The distance element 

-ASTROPHYSICS- 
Density of BKG photons 

-PARTICLE PHYSICS- 
Pair Production cross section  
Breit & Wheeler 1934; Heitler 

1960 

⇥
Z 1

�1
d(cos ✓)

1� cos ✓

2
�(E� , ✏, z, cos ✓)
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Optical Depth

BKG

-COSMOLOGY -  
The distance element 

-ASTROPHYSICS- 
Density of BKG photons 

-PARTICLE PHYSICS- 
Pair Production cross section  
Breit & Wheeler 1934; Heitler 

1960 
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Optical Depth
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-COSMOLOGY -  
The distance element 
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Density of BKG photons 
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Breit-Wheeler cross-section



De Angelis, Alessandro et al.  
Mon.Not.Roy.Astron.Soc.  

432 (2013) 3245-3249

To the center of the Galaxy: 8.5e-6 Mph

Optical Depth

http://inspirehep.net/author/profile/De%20Angelis%2C%20Alessandro?recid=1221203&ln=es


De Angelis, Alessandro et al.  
Mon.Not.Roy.Astron.Soc.  

432 (2013) 3245-3249
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To the center of the Galaxy: 8.5e-6 Mph

Optical Depth
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Attenuation



For a given EBL model at z=0.034 

Find:  

-The Optical Depth  
-Attenuation  





Available models





For a given EBL model at z=0.034 

Find:  

-The Optical Depth  
-Attenuation  



Available models



Attenuation



Attenuation
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Test of  Lorentz invariance violation 

e+e�
<latexit sha1_base64="aHmwgcmUsFGLRuuE9SHn3X5adkI=">AAAB53icdVDJSgNBFHwTtxi3qEcvjUEQxGHGPbegF48RzALJJPR03iRteha6e4QQ8g16EvXm//gD/o2dGMG1TvVe1YOq5yeCK+04b1ZmZnZufiG7mFtaXlldy69vVFWcSoYVFotY1n2qUPAIK5prgfVEIg19gTW/fzHWa7coFY+jaz1I0AtpN+IBZ1SbVRVbe9jab+cLjl103OKJS34T13YmKMAU5Xb+tdmJWRpipJmgSjVcJ9HekErNmcBRrpkqTCjr0y42DI1oiMobTtKOyE4QS6J7SCbzV++QhkoNQt94Qqp76qc2Xv6lNVIdnHlDHiWpxogZi9GCVBAdk3Fp0uESmRYDQyiT3KQkrEclZdq8Jmfqf3Yk/5Pqge0e2sdXR4XS+fQRWdiCbdgFF06hBJdQhgowuIF7eIJni1t31oP1+GHNWNObTfgG6+UdIJWMfg==</latexit>

𝛄
Corrections to  

known processes 
��b ! e+e�

<latexit sha1_base64="UrltP1yVEE41VUXFL/xGQpbD3F0=">AAACBnicdVDLSgMxFM3UV62vqks3wSIIYpnx3V3RjcsK9gFtLXfS2zY0mRmSjFJK9/ozuhJ15wf4A/6N6UPweSDk5J5zIef4keDauO67k5ianpmdS86nFhaXllfSq2slHcaKYZGFIlQVHzQKHmDRcCOwEikE6Qss+92zoV6+RqV5GFyaXoR1Ce2AtzgDY0eNdKbWBimBjq+GT2uKtzsGlApvKF7t2LNrXW4253q5I4/+Jl7WHSFDJig00m+1ZshiiYFhArSuem5k6n1QhjOBg1Qt1hgB60Ibq5YGIFHX+6MwA7rVChU1HaSj91dvH6TWPelbjwTT0T+14fAvrRqb1km9z4MoNhgwa7FaKxbUhHTYCW1yhcyIniXAFLe/pKwDCpixzaVs/M+M9H9S2st6+9nDi4NM/nRSRJJskE2yTTxyTPLknBRIkTByRx7IM3lxbp1759F5GlsTzmRnnXyD8/oBhTGYdQ==</latexit>



108

Test of  Lorentz invariance violation 

𝛄LIV

e+e�
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Optical Depth + LIV

BKG

-COSMOLOGÍA -  
The distance element 

-ASTRONOMÍA- 
Density of BKG photons 

-FÍSICA DE PARTÍCUAS- 
Pair Production cross section  
Breit & Wheeler 1934; Heitler 

1960 
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For a given EBL model at z=0.034 

Find:  

-The Optical Depth  
-Attenuation  

Include LIV_th 

Try different  
  z,  
 ELIV,  
 n….  

What can you say about the differences?  
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EBL-Attenuation + LIV

The intensity  of the  
LIV effect depends on  

‣ E𝜸 : The energy of the 𝜸-ray 
‣ ELIV:  The LIV energy scale 
‣ z: The distance of the source.  

More photons!!

 
Martínez, Lang, and Souza 
Symmetry 12 (2020) 8, 1232

 
Lang, Martínez, and Souza 
Phys. Rev. D 99 (2019)



What would be the difference in the 
Optical Depth?  



Subluminal 

No PP

EBL

CMB

PP



What are the blue dots?   



Let be:



Let be:



The threshold equation

Critical point

Background:

⇤n > 0

⇤n = 0

⇤n < 0 Threshold-shifts

LI scenario

+2nd Threshold

H. Martínez-Huerta, A. Pérez-Lorenzana. 
Phys. Rev. D 95, 063001 (2017)

LI

Pair production (PP) 

Eth

No PP 

+
-



The threshold equation

Critical point

Background:

121

LI

f(x) = 0

Λnc

Λ1 = −0.1

Λ1 = 0.1

Λ1 = 0

PP

NPP

2.7K

LI

1 K

1.5 K

CP

 
Martínez, Lang, and Souza 

arXiv:1901.03205



BKG

… deeper LIV 
effects

PP region

No PP region
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EBL-Attenuation + LIV

The intensity  of the  
LIV effect depends on  

‣ E𝜸 : The energy of the 𝜸-ray 
‣ ELIV:  The LIV energy scale 
‣ z: The distance of the source.  

More photons!!

 
Martínez, Lang, and Souza 
Symmetry 12 (2020) 8, 1232

 
Lang, Martínez, and Souza 
Phys. Rev. D 99 (2019)



Phenomenology

The intensity  of the  
LIV effect depends on  
‣ E𝜸 : 

The energy of the 𝜸-ray 
‣ ELIV:  

The LIV energy scale 
‣ z:  

The distance of the source. 

More photons!!

The most updated dataset 
composed of 111 energy 

spectra of 38 different 
sources in TeVCat

only 18 spectra from 6 sources  
have the potential to show LIV effects 

(constraint LIV)

124

Experiment

 
Lang, Martínez-Huerta and de Souza 

Phys.Rev. D99 (2019) no.4. 

LIV-Horizon



The intensity  of the  
LIV effect depends on  
‣ E𝜸 : 

The energy of the 𝜸-ray 
‣ ELIV:  

The LIV energy scale 
‣ z:  

The distance of the source. 

More photons!!

only 18 spectra from 6 sources  
have the potential to show LIV effects 

(constraint LIV)

Irrespectively of many tested uncertainties
‣ Choices of the EBL models
‣ Model of the intrinsic spectrum
‣ Energy resolution
‣ Selection of spectra
‣ Selection of energy bins to be used in the 

calculation of the intrinsic energy spectra
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The most updated dataset 
composed of 111 energy 

spectra of 38 different 
sources in TeVCat

 
Lang, Martínez-Huerta and de Souza 

Phys.Rev. D99 (2019) no.4. 

LIV-Horizon

Phenomenology Experiment



The intensity  of the  
LIV effect depends on  
‣ E𝜸 : 

The energy of the 𝜸-ray 
‣ ELIV:  

The LIV energy scale 
‣ z:  

The distance of the source. 

More photons!!

only 18 spectra from 6 sources  
have the potential to show LIV effects 

(constraint LIV)

Irrespectively of many tested uncertainties
‣ Choices of the EBL models
‣ Model of the intrinsic spectrum
‣ Energy resolution
‣ Selection of spectra
‣ Selection of energy bins to be used in the 

calculation of the intrinsic energy spectra
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The most updated dataset 
composed of 111 energy 

spectra of 38 different 
sources in TeVCat

 
Lang, Martínez-Huerta and de Souza 

Phys.Rev. D99 (2019) no.4. 

LIV-Horizon

Phenomenology Experiment



ApJ Vol  870,  2  

 
Lang, Martínez-Huerta and de Souza 

Phys.Rev. D99 (2019) no.4. 

Irrespectively of many tested uncertainties
‣ Choices of the EBL models
‣ Model of the intrinsic spectrum
‣ Energy resolution
‣ Selection of spectra
‣ Selection of energy bins to be used in the 

calculation of the intrinsic energy spectra
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Work cases

Two possible scenarios

❖ Finding LIV signal

Input LIV simulations and find CTA detection.

❖ Excluding LIV signal

Input LI simulations and find CTA LIV rejection.
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Work cases

Two possible scenarios

❖ Finding LIV signal

Input LIV simulations and find CTA detection.

❖ Excluding LIV signal

Input LI simulations and find CTA LIV rejection.
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Finding LIV signal

1. LIV- Simulation 

2. Find the best  Fit-LIV  

3. Find the best  Fit-LI  

4. LIV signal significance
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Credits: R. Lang

Simulation cross-check
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Free	parameters	
N0		[TeV-1	cm2	s-1]

Index

Ec	[TeV]

Finding LIV signal

1. LIV- Simulation 

2. Find the best  Fit-LI  

3. Find the best  Fit-LIV  

4. LIV signal significance

LIVLI
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Finding LIV signal

1. LIV- Simulation 

2. Find the best  Fit-LI 

3. Find the best  Fit-LIV  

4. LIV signal significance

LIV

Free parameters 
  ELIV [GeV]

N0  [TeV-1 cm2 s-1]

Index

Ec [TeV]
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Finding LIV signal

1. LIV- Simulation 

2. Find the best  Fit-LI 

3. Find the best  Fit-LIV  

4. LIV signal significance

×

Src - cases 
Mrk501  

Scenario A

Scenario B


1ES 0229+200  
…

n=2

n=1×
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Finding LIV signal

Simulation of Mrk501 with Ecut = 50TeV assuming LIV 

with  E(2)LIV = 1021 eV 

H. Martínez-Huerta et al.  
(CTA Consortium) 

 ICRC’19 arXiv:1908.09614Simulation of 1ES 0229+200 with Ecut = 40 TeV assuming LIV 

with  E(2)LIV = 1021 eV 
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H. Martínez-Huerta et al.  
(CTA Consortium) 

 ICRC’19 arXiv:1908.09614

CTA Consortium.    
JCAP 02 (2021) 048



Finding LIV signal

1. LIV- Simulation 

2. Find the best  Fit-LI 

3. Find the best  Fit-LIV  

4. LIV signal significance
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 Agreement between best-fit parameters and the 
simulated true values. 

PRELIMINARY  
TEST
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❖ CTA potential to find a LIV signal
Input LIV simulations and find CTA detection.
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1. LIV- Simulation

3. Find the best  Fit-LIV 2. Find the best  Fit-LI 

4. LIV signal significance

Source parameter x2-Src, x2-cases 

Analysis Parameters 

LIV Parameters x2 (n=1,2) 

ELB model x2 (LI/LIV)

LI LIV
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Probing physics up to the Planck scale and above

Simulation of Mrk501 with Ecut = 50TeV assuming LIV 

with  E(2)LIV = 1021 eV 

 Agreement between best-fit parameters and 
the simulated true values. 

CTA Consortium.    
JCAP 02 (2021) 048



❖ CTA potential to find a LIV signal
Input LIV simulations and find CTA detection.
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1. LIV- Simulation

3. Find the best  Fit-LIV 2. Find the best  Fit-LI 

4. LIV signal significance

Source parameter x2-Src, x2-cases 

Analysis Parameters 

LIV Parameters x2 (n=1,2) 

ELB model x2 (LI/LIV)

LI LIV

Simulation of Mrk501 with Ecut = 50TeV assuming LIV 

with  E(2)LIV = 1021 eV 

 Agreement between best-fit parameters and 
the simulated true values. 

138

Probing physics up to the Planck scale and above

PRELIMINARY

H. Martínez-Huerta et al.  
(CTA Consortium) 

 ICRC’19 arXiv:1908.09614

CTA Consortium.    
JCAP 02 (2021) 048



Work cases

Two possible scenarios

❖ Finding LIV signal

Input LIV simulations and find CTA detection.

❖ Excluding LIV signal

Input LI simulations and find CTA LIV rejection.
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Excluding LIV signal

5 σ 

3 σ 

2 σ

Different step from the previous scenario 

Different step from the previous scenario 

1. LI- Simulation 

2. Find the best  Fit-LI 

3. Find the best  Fit-LIV  

4. Exclusion significance
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Excluding LIV signal

1. LIV- Simulation 

2. Find the best  Fit-LI 

3. Find the best  Fit-LIV  

4. Exclusion significance
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Credits: R. Lang

Simulation cross-check
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Excluding LIV signal
Simulation of 1ES0229+200  

with Ecut = 50TeV and LI propagation.

 


The LIV models excluded at 2 σ 

for n = 1 and 2 are also shown for 

comparison 

CTA Consortium.    
arXiv:2010.01349
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Excluding LIV signal

Confidence level for the rejection of LIV energy scales  for n=1 and n=2, 

including the  EBL systematic error 

CTA Consortium.    
arXiv:2010.01349

CTA Consortium.    
arXiv:2010.01349
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Excluding LIV signal

CTA Consortium.    
arXiv:2010.01349

✦ CTA shows competitive sensitivity 
limits using a single source 
analysis.  

✦ Better confidence levels are marked 
with darker colors. 

✦ Systematic errors  are shown in black 
for the 2σ limit.
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Excluding LIV signal

CTA Consortium.    
arXiv:2010.01349

✦ CTA shows competitive sensitivity 
limits using a single source 
analysis.  

✦ Better confidence levels are marked 
with darker colors. 

✦ Systematic errors  are shown in black 
for the 2σ limit.
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Strong LIV Exclusion limits in the photon sector by astroparticle tests 

Based on: 
Symmetry 2020, 12, 1232. 

mailto:humbertomh@ifsc.usp.br
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Test of  Lorentz invariance violation 

e+e�
<latexit sha1_base64="aHmwgcmUsFGLRuuE9SHn3X5adkI=">AAAB53icdVDJSgNBFHwTtxi3qEcvjUEQxGHGPbegF48RzALJJPR03iRteha6e4QQ8g16EvXm//gD/o2dGMG1TvVe1YOq5yeCK+04b1ZmZnZufiG7mFtaXlldy69vVFWcSoYVFotY1n2qUPAIK5prgfVEIg19gTW/fzHWa7coFY+jaz1I0AtpN+IBZ1SbVRVbe9jab+cLjl103OKJS34T13YmKMAU5Xb+tdmJWRpipJmgSjVcJ9HekErNmcBRrpkqTCjr0y42DI1oiMobTtKOyE4QS6J7SCbzV++QhkoNQt94Qqp76qc2Xv6lNVIdnHlDHiWpxogZi9GCVBAdk3Fp0uESmRYDQyiT3KQkrEclZdq8Jmfqf3Yk/5Pqge0e2sdXR4XS+fQRWdiCbdgFF06hBJdQhgowuIF7eIJni1t31oP1+GHNWNObTfgG6+UdIJWMfg==</latexit>

𝛄
Corrections to  

known processes 
��b ! e+e�

<latexit sha1_base64="UrltP1yVEE41VUXFL/xGQpbD3F0=">AAACBnicdVDLSgMxFM3UV62vqks3wSIIYpnx3V3RjcsK9gFtLXfS2zY0mRmSjFJK9/ozuhJ15wf4A/6N6UPweSDk5J5zIef4keDauO67k5ianpmdS86nFhaXllfSq2slHcaKYZGFIlQVHzQKHmDRcCOwEikE6Qss+92zoV6+RqV5GFyaXoR1Ce2AtzgDY0eNdKbWBimBjq+GT2uKtzsGlApvKF7t2LNrXW4253q5I4/+Jl7WHSFDJig00m+1ZshiiYFhArSuem5k6n1QhjOBg1Qt1hgB60Ibq5YGIFHX+6MwA7rVChU1HaSj91dvH6TWPelbjwTT0T+14fAvrRqb1km9z4MoNhgwa7FaKxbUhHTYCW1yhcyIniXAFLe/pKwDCpixzaVs/M+M9H9S2st6+9nDi4NM/nRSRJJskE2yTTxyTPLknBRIkTByRx7IM3lxbp1759F5GlsTzmRnnXyD8/oBhTGYdQ==</latexit>
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Test of  Lorentz invariance violation 

𝛄LIV

e+e�
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Corrections to  
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BKG

Allowed region 
change with the LIV 
parameter and the 

Energy



BKG

Critical points

 
Martínez, Lang, and Souza 

arXiv:1901.03205 BHCB2018



For a given EBL model at z=0.034 

Find:  

-The Optical Depth  
-Attenuation  

Include LIV_th 

Try different  
  z,  
 ELIV,  
 n….  

What can you say about the differences? 

  
 What about the superluminal scenario? 



E4: What would the attenuation look like with LIV and 
without for a source with the following characteristics

<latexit sha1_base64="1IWh4/6xJaLOJN/Ued6Vcb3BJvk=">AAAB8nicbZDLSsNAFIYn9VbrpVGXbgaL4KokItWNUBTBZYXeoA1hMj1ph04uzJwIJfRFdCXqzkfxBXwbp7ULbf1X35z/Hzj/CVIpNDrOl1VYW9/Y3Cpul3Z29/bL9sFhWyeZ4tDiiUxUN2AapIihhQIldFMFLAokdILx7czvPILSIombOEnBi9gwFqHgDM3It8t3fs4znNJreuE0oe3bFafqzEVXwV1AhSzU8O3P/iDhWQQxcsm07rlOil7OFAouYVrqZxpSxsdsCD2DMYtAe/l88Sk9DRNFcQR0/v6dzVmk9SQKTCZiONLL3mz4n9fLMLzychGnGULMTcR4YSYpJnTWnw6EAo5yYoBxJcyWlI+YYhzNlUqmvrtcdhXa51W3Vq09XFTqN4tDFMkxOSFnxCWXpE7uSYO0CCcZeSZv5N1C68l6sV5/ogVr8eeI/JH18Q0G/Y+5</latexit>

Ecut = 40TeV

z=0.034 
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Ecut = 60TeV

E4*: Use the LIV attenuation from ebltable in a gammapy analysis 

M.-H. Ulrich, et al.  ApJ 198, 261–266



E 5: Modify the ebl_from_model to 
use (+) scenario  
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EBL-Attenuation + LIV

The intensity  of the  
LIV effect depends on  

‣ E𝜸 : The energy of the 𝜸-ray 
‣ ELIV:  The LIV energy scale 
‣ z: The distance of the source.  

Less photons!!

 
Martínez, Lang, and Souza 
Symmetry 12 (2020) 8, 1232

 
Lang, Martínez, and Souza 
Phys. Rev. D 99 (2019)



Subluminal 

No PP

EBL

CMB

PP

 
Martínez, Lang, and Souza 

arXiv:1901.03205

 
Martínez, Lang, and Souza 
PoS ICRC2019 (2020) 658


