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Upward TGF

Downward TGF

Bright events produced by lightning
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23 peculiar events collected from 2005 to 2017  (change in the SD trigger).

The low statistics and the 
missing signal in the center of 

the footprint are due to the 
Auger trigger optimized for 

cosmic rays

A dedicated trigger for TGF events was designed and installed.
Other work is necessary because the Pierre Auger Observatory was 
upgraded and the TGF algorithm needs to be optimized according to the 
new electronics.
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Advantages of a ground array 
Greatest spatial 

resolution 
prior to Auger

Marisaldi
AGU 2020
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Advantages of a ground array 

● Reconstruction of the source position 
(few km above the ground)

● Sampling of the cone
→ study of the signal distribution

● Very detailed signal
→ Cherenkov detectors sensitive to 
gammas > 1 MeV
→ smooth time profile with 25 ns time 
resolution 

@Auger

Each circle ~ 1 km
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Comparison with standard TGF simulations 

Geant 4 simulations 
starting from Dwyer 2012 model

Auger TGFs show a 
brightness similar to TGFs 
seen from space (1017-1018 
photons)

The slope is not very well 
reproduced by standard TGF 
models

(km)
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Studying the signal distribution
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Studying the signal distribution

Best match
… but
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First evidence of an asymmetric TGF

Could it depend on the inclination?



  10

First evidence of an asymmetric TGF

NO! 
Even by increasing 
the tilting angle, the 

obtained signals have 
only one peak.
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Indication for different sources?

Relativistic 
Feedback 

assuming an 
upward 

positive leader

Reactor Feedback 
exchange of high-energy 

particles between different 
accelerating regions
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Auger TGFs
Signal = f(r)*g(phi)

We applied a correction for distance dependence

Also other events are showing two or more peaks

The best event
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What TGF type are we observing?

David Smith @AGU 2025
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What TGF type are we observing?

Behaviour similar to the events observed by the Santa Cruz group (J. Ortberg & D. Smith) in Japan and New Mexico:        
timing consistent with a stepped leader making a connection at that time → the upward return stroke enhances the field in the 
right direction for the avalanche to be aimed toward the ground with a strong horizontal component (-CG – negative cloud-to-
ground).

Detailed lightning information not available at the time of our events…hoping for new events → see Matteo’s talk
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Each of the histograms shows the time 
distribution of the stations with a signal
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Papers
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Papers
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