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https://en.wikipedia.org/wiki/Gamma_spectroscopy#Scintillation_detectors
https://en.wikipedia.org/wiki/Gamma_spectroscopy#Scintillation_detectors
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Lightning Leader Model

● The region with subsequent RREA development is provided by the lightning and not 
the ambient thundercloud electric field e.g., Celestin et al., 2012

Relativistic Feedback Discharge Model (RFD)

● As thunderclouds charge, the large scale electric field approaches the relativistic 
feedback threshold, e.g. Dwyer 2012



Relativistic Runaway Electron Avalanche models

10

mechanism name new feature flux increase 
over previous 
mechanism

discharge time 
(sec)

Wilson 1925 Runaway 
electron

Electron energy 
gain from 
electric field

x 101 ~hours

Gurevich et al. 
1992

Relativistic 
runaway 
electron 
avalanche

Moller 
scattering 

Up to x 105 ~10 sec

Dwyer 2003 Relativistic 
feedback

Backward 
propagating 
runaway 
positrons and 
Compton 
scattered x-rays

Up to x 1013 < 0.1 msec
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“We infer that the simultaneous VLF discharges 
are from the relativistic electron avalanches that
 are responsible for the flash of gamma rays and 
the nonsimultaneous VLF discharges are from 
related intracloud lightning strokes”

Connaughton et al., 2013
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Lightning flash rates and TGFs

Briggs et al., 2013
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TGFs observed by Fermi GBM
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http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/   Fitzpatrick et al., in prep.

Fermi GBM TGF Catalog

19

http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/


The Catalog
The catalog consists of six tables and datasets. The same TGF can appear in several tables. Different ID styles are used 
to distinguish between the tables: “oTGF” is used for TGFs in the Offline Search Table, “tTGF” for TGFs in the Trigger 
Table and “TEB” for TGFs in the Terrestrial Electron Beams Table, even when the entries are the same TGF.

● Offline Search Table. The Offline Search Table contains information for 3348 TGFs detected by the ground-based 
offline search of the TTE data. Most TGFs of the Trigger Table are also included in this table, however, eight of 
the triggered TGFs are not included because they are not found by the offline search. The parameters in the 
Offline Search Table are described below.

● Trigger Table. The Trigger Table contains information for 579 brighter TGFs that were detected in orbit by the 
GBM flight software. The content of the Trigger Table is described below.

● Terrestrial Electron Beams Table. The TEB table lists the 24 TGFs that might have been detected as 
electron/positron beam events. One entry in the table is the reliability of the classification as a TEB. Also included 
are maps of the lightning activity underneath Fermi and at the magnetic footprint. The TEB table is documented 
below.

● Comments and Special Cases Table. There are a few TGFs with missing values (which are denoted with “NULL” 
in the tables) due to unusual analysis issues or missing data. These cases are described in this table. If we are 
able to obtain a missing value, or if corrections are needed, updated tables will be posted.

● WWLLN Associations Table. The WWLLN Associations Table contains results for 1049 TGFs for which 
temporally-coincident radio signals of the World Wide Lightning Network (WWLLN) were found. These 
associations provide accurate localizations of the TGFs. More information on this table is provided below.

● WWLLN Lightning Maps and Data files. This dataset consists of maps of the lightning detections made by 
WWLLN for ±10 minutes relative to the TGF time. Also included are text data files with the positions and times of 
the lightning sferics on the maps. The content of these maps and data files are described below.

WWLLN locations are provided so Fermi GBM DRMs can be generated!
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http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/gbm_tgf_catalog_offline.csv
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/#OfflineSearchTable
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/#OfflineSearchTable
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/#OfflineSearchTable
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/#OfflineSearchTable
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/gbm_tgf_catalog_trig.csv
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/#TriggerTable
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/#TriggerTable
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/gbm_tgf_catalog_teb.csv
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/#TEB_Table
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/#TEB_Table
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/gbm_tgf_catalog_comments.csv
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/gbm_tgf_catalog_wwlln.csv
http://wwlln.net/
http://wwlln.net/
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/#WWLLN_Table
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/#WWLLN_Table
http://heasarc.gsfc.nasa.gov/FTP/fermi/data/gbm/tgf/cat_files/
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/#WWLLN_Maps
http://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/#WWLLN_Maps


Terrestrial Electron Beams

Briggs et al., 2011
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Cosmic ray rejection!
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Criteria of the Offline Search of Continous Time-Tagged Events 
(CTTE) for TGFs:
● >=4 counts in each BGO



Briggs et al., 2010
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http://omniweb.gsfc.nasa.gov/vitmo/msis_vitmo.html
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http://omniweb.gsfc.nasa.gov/vitmo/msis_vitmo.html
http://omniweb.gsfc.nasa.gov/vitmo/msis_vitmo.html
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High offset

Low offset
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Model TGF

Simulated photons at detector

Simulated  detector counts

Pulse-pileup  corrected counts

Best fit model
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Deep narrow models are the best fit to the data!
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Wide beams send more high energy photons to the spacecraft!
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Assuming the best fit model source altitude

Assuming 13 km source altitude wide model
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Tilted beams and the effects of magnetic field

● Electron beams may 
experience tilts up to18 
degrees (detectable ?)

● Electrons under the 
influence of the electric 
fields near Eth require a 
larger distance to avalanche 
multiply

● The average energy of the 
runaway electrons will 
decrease due to more 
collisions with air in the tilt 
direction
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