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TERRSTIAL GAMMA RAY FLASHES

•Rare phenomenon that happens in ordinary 

thunderstorms. 

• Observed by orbiting instruments (BATSE, RHESSI, 
FERMI, AGILE) 

• Duration  of tens of us to ms. 

• generated during the initial negative breakdown stage 

of IC  lightning 
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TERRSTIAL GAMMA RAY FLASHES

++++++

• Is there a 
counterpart to 
this 
phenomenon?

• Can we obtain 
quantities at the 
generating TGF 
sources?
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SCINTILLATION COUNTERS

• 2 layers of 3m2 plastic 
scintillators, separated 
by steel sheet in ground 

steel box
• Autonomous, 24/7 

operation
• GHz WLAN readout
• Typically 1 trigger/2 

minutes



LMA, Slow antenna added (NM Tech 2013)



LIGHTNING MAPPING ARRAY
• 9 LMA Stations
• 60 km in diameter
• RF quite locations
• Rural areas away from 

buildings
• E-measuring slow 

antenna.

In operation since 2013



How Lightning Mapped
• Detect impulsive radiation 

within 80 us window in the 
band bet 60-66 MHZ. 

• multiple detectors to 
determine their x,y,z,t  

• Avoid misconstruction >= 6 
receivers are used. 

• Locate hunders to thousands 
of sources per flash



Slow  antenna

Slow 
Antenna

Fast 
Antenna

• GPS-timed capacitor,
read out with 10 s time
constant.

• Record electric field 
between 10 mV/m 
and 10 kV/m



NATIONAL LIGHTNING 
DETECTION NETWORK (NLDN) 

DATA BASE

• Lightning time
• 2D Coordinates (Latitude and Longitude)
• Peak Current (kA)
• Polarity (+/-)
• Could-Cloud  (50-60% efficiency) 
• Cloud-Ground lightning (90% efficiency)

TA



Observations



can we obtain quantities at the 
generating TGF source? 



• occurred at the first 1 

ms of the flash, ~200 ms 
before CG hit 

• Occurred as a negative 
breakdown with a leader 
height between 4-5 km 

AGL 
• TASD waveform has 400 

𝜇s duration with 10s of 
𝜇s in sub-pluses



• Different Flash same day 
• Occurred as a negative 
breakdown with a leader 
height between 3-4 km 

AGL 
• TASD waveform has 400 

𝜇s duration with 10s of 
𝜇s in sub-pluses
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Comparison



● Sc● Score energy 
deposit in “core” 
counter 

● Convert to VEM 
expectation for a 
1013 particle 
shower 

Number of photons



Comparison with other 
observations

Celestian and pasko (2012)



Abbasi et al. Journal of  Geophysical Research Atmosphere 123 p6864 (2018)



TGF observed on 2017 Sep 12th
•9 105 m/s .
•Multiple IC observations followed by an energetic CG w/peak current of -113kA. 

First observation of TGF with slow antenna, LMA, TASD, and 
NLDN

PRELIMINARY



• world largest 
sample of 
downward 
observed 
gamma rays. 

• we will have10 
Events per year.



BREAKING NEWS!



Interferometer 



Slow  antenna

Slow 
Antenna

Fast 
Antenna

• GPS-timed capacitor,
read out with 10 s time
constant.

• Record electric field 
between 10 mV/m 
and 10 kV/m



Fast Antenna



P.Krehbiel et al



Preliminary 



Preliminary 



SUMMARY
• observed 25 TASD bursts in coincidence with lightning (world 

largest sample of downward observed gamma rays). 

• 15 observed with LMA or slow antenna. 

• Originate TGF observations to the lBPs of lightning.

• Forward-beamed showers of 1012-1014 primary photons.

• First observed event with INTF and Fast antenna correlating 
observed TGF with two particularly energetic leader steps.
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• 1VEM ~ 30 ADC 
• 1 ADC count ~ 70 keV
• Photon 170 keV







• US standard atmosphere 
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-94 kA













TELESCOPE ARRAY  
(TA/LMA)

TASD Ɣ-ray SD

Plastic scintillaltor 
Mainly NaI 

accompanied gas-
counters

Lower SD number 
density

Higher SD number 
density

300 Times larger Smaller in size

10 times faster 
response Slower response 



“Flash3” Event 20160510-024150



“Flash 2” Event 20150915-193701

NLDN - 12 kA IC






