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Particle/wave duality

E ↓ ⇒ L ↑

E ↑ ⇒ L ↓
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Why we want to do that
A. Einstein M. Planck
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To find a quantum theory of Gravity

A. Einstein M. Planck
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Quantum nature of 
spacetime

LPlanck

LPlanck = 10-35 m
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What we measure in 
practice

Gamma-ray Bursts (GRBs) 
= cosmic explosions from 
massive star collapse or 
neutron star merger 

A typical GRB releases as 
much energy in a few 
seconds as the Sun will in 
its entire 10-billion-year 
lifetime

https://en.wikipedia.org/wiki/Sun
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Measuring time of flight 
differences
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How we measure GRBs: 
the MAGIC telescopes

2 x 17m diameter gamma-ray telescopes
Roque de los Muchachos observatory, La Palma
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GRB190114C
T0 = 20:57:03 UTC on the 14th January 2019 

MAGIC started observations 57 seconds later 

MAGIC measured 877 gamma rays in 20 min 

First time high-energy gamma-rays observed from a 
GRB 

Distance: d = 4500 million lightyears
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GRB190114C

Extended Data Figure 7: Modeling of the broadband light curves. Modeling of forward shock

emission is compared to observations at different frequencies (see legend). The model shown with

solid and dashed lines is optimised to describe the high-energy radiation (TeV, GeV and X-ray).

It has been obtained with the following parameters: s = 0, ✏e = 0.07, ✏B = 8 ⇥ 10�5, p = 2.6,

n0 = 0.5, and Ek = 8⇥ 1053 erg. Solid lines show the total flux (synchrotron and SSC), while the

dashed line refers to the SSC contribution only. Dotted curves are derived to test a better modeling

of observations at lower frequencies, but fail to explain the behaviour of the TeV light curve. These

are obtained with the following model parameters: s = 2, ✏e = 0.6, ✏B = 10�4, p = 2.4, A? = 0.1,

and Ek = 4⇥ 1053 erg.

45

MAGIC 
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Results
No time delay for high-energy gammas was observed 

First high-energy photon was observed at T0+74 s 

Δt ≤ 74s 

Remember 

Then we obtain: Lc ≤ 1.6 LPlanck

Δt = f(ΔE, d, Lc)
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Prospects

How can we explore even shorter distances: 

Catching more distant GRBs 

Catching even higher energies from those GRBs 

Catching the GRB prompt emission with rich time 
structure
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Thank you very much 
for you attention


