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How do they work?

Credit: CTA Consortium

They use the earth’s atmosphere as a calorimeter:

1. A gamma or cosmic ray initiates a particle 

cascades in the atmosphere 

2. Secondary charged particles traveling in the 

atmosphere will produce Cherenkov light  
3. This Cherenkov light is ultimately measured by 

telescope with fast and low-level sensors

IMAGING ATMOSPHERIC CHERENKOV TELESCOPES

Energy range: 30 GeV – above 50 TeV

MAGIC I MAGIC II
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GRB 190114C

Credits: Gabriel Pérez Díaz

Artistic rendering of a GRB explosion with 
one MAGIC telescope

T0 = 20:57:03.19 UT

 Emin ~ 300 GeV

(t - T0 )min ~ 62 s

Emax ~ 2 TeV

(t - T0 )max ~ 1200 s

Non = 729

Noff ~ 40
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GRB 190114C

TEMPORAL EVOLUTION INTRINSIC SPECTRUM

spectral index time-independent

Acciari, V.A., Ansoldi, S., Antonelli, L.A. et al. 

Observation of inverse Compton emission 
from a long γ-ray burst. 

Nature 575, 459–463 (2019) 

Acciari, V.A., Ansoldi, S., Antonelli, L.A. et al. 

Teraelectronvolt emission from the γ-ray 
burst GRB 190114C. 

Nature 575, 455–458 (2019)

(T - T0 )min ~ 62 s
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Check A. Berti’s & D. Miceli’s  

talk in the session 

“GRBs at HE and VHE”!
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Q.G. EFFECTS IN GRB 190114C
Photon energy 
at the detector

Assuming ηn = 1 a 1 TeV gamma 
should have a time delay of

• 17 seconds (n=1)

• 25 seconds (n=2) 

Where we have defined η as the ratio between 
the Planck energy and the Q.G. energy scale

�t(E, ⌘1) = ⌘1 · 17 s/TeV · E

5

1GeV

1TeV
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Intrinsic LC

delay EBL attenuationIntrinsic spectrum

Q.G. EFFECTS IN GRB 190114C

Taking into account the instrument response function 
of the telescope

P.D.F. for time and estimated energy

�t(E, ⌘1) = ⌘1 · 17 s/TeV · E
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Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV
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(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = �5

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing

7



Giacomo D’Amico 16th MARCEL GROSSMAN METTING 5-10 July 2021 /12

⌘1 = �3

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = �2.5

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = �2

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = �1.5

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = �1

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = �0.5

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = �0.25

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = 0

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = 0.25

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = 0.5

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = 1

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing

7



Giacomo D’Amico 16th MARCEL GROSSMAN METTING 5-10 July 2021 /12

⌘1 = 1.5

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = 2

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = 3

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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⌘1 = 5

Q.G. EFFECTS IN THE TIME DISTRIBUTION

Eest = 300 GeV

t^(-1.5)

Eest = 600 GeV

Eest = 1.2  TeV

Eest =  2    TeV(t - T0 )min ~ 62 s 
MAGIC starts observing
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LIKELIHOOD ANALYSIS

Likelihood profile
Linear case Quadratic case

P.D.F. of detecting a signal event with a 
given estimated energy and arrival time

P.D.F. of detecting a background event with 
a given estimated energy and arrival time

P (I) = N (�|1.51, 0.04) · N (↵|2.5, 0.2)

95% LL and UL thresholds are obtained from MCs

Likelihood
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LIKELIHOOD ANALYSIS
Is our intrinsic model compatible with the null hypothesis?

1

2

1 2

MC data sets is generated by reshuffling + bootstrapping the real data set, so that any 
Q.G. effect, if presents, is destroyed but temporal and energy distribution are preserved

• The likelihood is slightly shifted toward 
negative values (superluminal scenario)

• This also shows that our data are 
compatible with the null hypothesis 

Linear case Quadratic case

9



Giacomo D’Amico 16th MARCEL GROSSMAN METTING 5-10 July 2021 /12

RESULTS

95% lower limit on the Q.G. energy scale for

linear scenario

quadratic scenario

From the GRB 190114C data we got the following 95% lower limits on the Q.G. energy scale

COMPARISON WITH PREVIOUS LIMITS

this work0.58 6.3 

10

EPl ⇠ 1.2 · 1019 GeV
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CONCLUSIONS

The values of η1 and η2 obtained from the likelihood maximization are compatible at 1 sigma with the null 
hypothesis: no Q.G. effect

From the 300 GeV - 2 TeV gamma-ray photons observed from GRB 190114C, we performed a likelihood 
analysis making a set of conservative assumptions:

• Intrinsic Light Curve derived from data and from theoretical models

• Intrinsic smooth power-law spectrum independent from time

• Q.G. effects described by a model with parameter ηn

We derived at 95% confidence level the following lower limits for the quantum-gravity energy scale:

superluminal subluminal

EQG,1 [GeV] > 0.55 · 1019 > 0.58 · 1019

EQG,2 [GeV] > 5.6 · 1010 > 6.3 · 1010
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THANK YOU FOR YOUR ATTENTION!
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Calibration of lower (LLs) and upper (ULs) limits using MC simulations:

Linear case Quadratic case

For each MC simulation we compute the LLs and ULs using a pair of thresholds common to all the simulation. 
This pair of thresholds is chosen so that:

• only 2.5% of the simulated LLs  is bigger   than the bias previous computed

• only 2.5% of the simulated ULs  is smaller than the bias previous computed

Pair of thresholds for linear case:

Pair of thresholds for quadratic case:

1

2

1 2

BACKUP SILDE 1
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We also investigated systematic effects:

• Possible change of spectral index of GRB190114C Systematics < 5 %

• Cherenkov light collected by the telescopes 
overestimated by 15% in our analysis 

Systematics  ~ 18 % ( 29%)  for subluminal 
(superluminal) case 

BACKUP SILDE 2
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