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TGFs seen by multiple detectors, mainly with +IC lightning 

When threshold is decreased or trigger improved, we see 

more events. 
 

     If one looks at small events, will there be many more? 

         To do this, one cannot be at 500 km altitude. 

         Need to be close (in the atmosphere, on the ground)   

 

Mountain-top detector in NM observed three msec bursts of     

           X-rays associated with -CG lightning 
 

One +IC event see on aircraft (ADELE) at distance ~10 km 
 

Two events seen at ICLRT ground-based array in Florida 

 One due to triggered lightning 

 One due to natural (-CG) lightning 
 

Aragats, Japan: ground enhancements with IC lightning  

  >7 MeV on timescales msec, tens of minutes 
 



Ground array – 4 detector boxes 
of 3 NaI scintillators on rooftops 

on LSU campus 

• 5” (12.7cm) 
Photomultiplier tube 
(PMT) 

• Acrylic light guide 
• 8 in x 8 in x ¼ in NaI 

scintillator (20.32cm x 
20.32cm x .6cm) 

TGF and Energetic Thunderstorm Rooftop Array  

(TETRA)  







Event candidates (events  

associated with lightning within  

5 miles (8.04km), 7 seconds) 

Background normalized   

to same time (0.82 events  

expected) 



June 22, 2013 Ringuette, Rebecca et al. “Gamma rays associated with Nearby 
Thunderstorms at Ground Level.” XV International Conference on 
Atmospheric Electricity, 15-20 June 2014, Norman, Oklahoma, U.S.A.  
 

40kft ~ 12km 



 

Ringuette, Rebecca et al. “TETRA Observation of Gamma-
Rays at Ground Level Associated with Nearby 
Thunderstorms.” Journal of Geophysical Research. Space 
Physics 118.12 (2013): 7841–7849. PMC. 
 



Next step – TETRA-II 

Can we measure abundant small TGFs close up with better 
statistics   

• Measure intensity distribution 

• Measure energy spectrum 

• Measure distance to events accurately 

• Monitor lightning more efficiently 

• Correlate radiation with meteorological conditions 

• Observe storms simultaneously from ground and space 

      



• 120 BGO scintillators 1″ × 1″ × 10″ (2.54cm x 2.54cm 
x 20.54cm) viewed by  1.5″ (3.81cm) PMT at each 
end. PMTs are spring-mounted into PVC housings. Six 
BGO-PMT assemblies are mounted in a single 
detector box 

• PMTs read out by National Instruments PCIe 6351 
high speed data acquisition (1 Msample/ sec) cards, 
transmitted to server at LSU   

 

 

 



Data  
Collection 

 
• Front end board 

amplifies and holds 
trigger peak for 
13usec 

• Software written in 
labview 

• Outputs 3 files with 
timestamp 
information, 1 with 
adc values 

 



Calibration 



LSU 

• 2 boxes fully 
assembled and 
taking data 

 

 





Event Candidate August 24, 2016  



Recent map by GBM on Fermi of TGFs in Americas 



TETRA - II 

• Lightning density 2-4/km2/month in Baton Rouge compared 
to 4-8/km2/month in NW Puerto Rico, 8-16/km2/month in 
Jamaica 

• December 2015 - Constructed expanded TGF array in Puerto 
Rico 

• 60 Bismuth Germanate (BGO) scintillators will provide x5 
statistics up to 10 MeV 

• Instrument arrays with directional lightning antennas to 
determine height and distance 

• Monitor meteorological conditions 

• Locate TETRA-II beneath satellite tracks to enable 
simultaneous space-ground observations 



Utuado, 
Puerto Rico 

TETRA II 
Location  



• Boltek lightning detectors 

• Electric field monitor 

• Weather station 
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Utuado 



Pic  

• Picture of boxes on roof from google maps 







Calibration 



June 26, clear day 



June 4, afternoon storms 



TETRA II Current Status 

• 2 Boxes up taking data at LSU 

• 10 detectors in Puerto Rico taking data as of 
August 2016 

• In the process of pulling and analyzing data 

• Further analysis on bursts in 2ms timescale  

 

 

 



Future Plans 

• Charged particle detector 

• Lead sheet 

• Optical camera 

• 2 boxes to Huntsville, Alabama  

• 6 boxes remaining, P.R.? Panama?  

• Installation of weather station and electric field 
mill at Utuado 

• Completion of lightning arrays and comparisons 

 

 



Will TGFs/TGEs help us to better understand particle 
acceleration in the most energetic accelerators on 
Earth, and connections with terrestrial lightning and 
structure of thunderstorms? 
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