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What is a TGF?
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20% of triggered TGFs have multiple, separated 
pulses.  Most are doubles, some triples:

Foley, et al. (2014)
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Candidate 1 of File 14: glg_tte_b0_110128649_v00.fit
Bin Width 0 =    0.050 ms.  offset 0.  BGO Chans  3 to 125

Data processed at 2011y 01m 29d at 06h 50m 25.089s
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The shortest TGFs have higher deadtime.   
There likely remains a bias against detecting 
very short TGFs.
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Fermi Locations at the times of 2700 GBM TGFs

Lightning Activity, as observed with the Lightning Imaging Sensor (LIS)
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The First GBM TGF Catalog: 2700 TGFs from June 2008 to July 2014
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Two theories for electron-acceleration for TGFs.
The gamma-rays are from bremsstrahlung.

From Sebastien Celestin
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Runaway Electron Avalanches by 
Relativistic Feedback 

about a factor of 10 below the conventional breakdown
threshold when effects of hydrometeors are included. How-
ever, in their paper, Dwyer et al.38 did not address the effects
of the feedback mechanisms. In this paper, the properties of
the feedback mechanisms will be explored for the Jovian
atmospheres as well as for air, and the thresholds for feed-
back in the Jovian atmospheres will be presented for the first
time.

The Jovian atmospheres are primarily hydrogen and he-
lium with only trace amounts of other species. Dwyer et al.38

showed that runaway avalanches are not sensitive to the ex-
act abundance of helium. Specifically, the helium abundance
made almost no difference for He/H2 mole fractions be-
tween 0% and 20%, a range that encompasses the abun-
dances in the four gas giants. In this paper, following Dwyer
et al.,38 the solar helium abundance value of 13.6% shall be
used for all calculations.

Dwyer et al.38 also investigated the effects that the am-
bient planetary magnetic fields have on runaway avalanches
in the gas giants. They found that under conditions likely to
be present for thunderstorms the magnetic fields have only a
minor effect on properties of the runaway avalanches. Only
for very low electric fields, near the runaway avalanche
threshold !Eth= "36.1 kV/m#! "n /no# for hydrogen-helium
where no=2.69!1025 m−3$, and only for the case of Jupiter,
do the effects of the planetary magnetic field become signifi-
cant. As shall be discussed below, the electric fields under
consideration here are high enough above this threshold
"e.g., E"60 kV/m at n=no# that the planetary magnetic
fields can be ignored for likely thunderstorm conditions.
However, for high altitude discharges, well above the typical
thunderstorm heights, the effects of the magnetic fields can
become important, so more detailed simulations should be
carried out for those circumstances.

Because lightning and, hence, runaway electrons likely
occur over a wide range of atmospheric pressures, and in
order to aid in the comparison with breakdown in Earth’s
atmosphere, all results are presented for gas molecular num-
ber densities equal to that of air at 1 atm under standard
conditions, i.e., no=2.69!1025 m−3. This density corre-
sponds to a pressure of 0.48 bar in Jupiter.51 However, no
generality is lost here, since all quantities can then be calcu-
lated for other gas densities using a simple scaling law as
will be explained below.

Using detailed Monte Carlo simulations, Dwyer et al.38

found that the runaway electrons avalanche "e-folding#
length for hydrogen-helium at "n=no# is well described by
the empirical formula, valid over the range
%40–2500 kV/m,

# =
6570 kV

"E + "2.91 ! 10−4 m/kV#E2 − 32.9 kV/m#
, "14#

where the electric field strength, E, is in kV/m "Ref. 38#.
This expression can be compared with the empirical formula
for air given by Eq. "13#. For a given electric field, the ava-
lanche length for hydrogen-helium is considerable smaller
than for air, due mainly to the lower ionization energy loss
rate in hydrogen-helium.

III. FEEDBACK THRESHOLD AND THE MAXIMUM
ELECTRIC FIELD

A. Results for relativistic feedback

Figure 2 shows an example of runaway electron ava-
lanches for air produced by relativistic feedback. Only the
center avalanche was produced by an external "1-MeV# seed
energetic electron, e.g., produced by an atmospheric cosmic-
ray particle. All the other avalanches are the result of rela-
tivistic feedback. The electric field used for this simulation
was 750 kV/m over 150 m at standard temperature and pres-
sure "STP#, which is about 1 avalanche length longer than is
necessary for the runaway electrons to be self-sustaining "$
=1#. This corresponds to a total potential difference slightly
over 100 MV. The electric field used in Fig. 2 is at least
three times smaller than the conventional breakdown field
for clear air and was chosen because at this value the two
principal feedback mechanisms "x-ray and positron feed-
back# are of approximately equal importance, allowing both
to be illustrated in one figure. For clarity, only about 1 in
1000 runaway electrons in the simulation "black lines# are
actually plotted in Fig. 2. Otherwise, the figure would be too
dense with electrons to see individual trajectories. All the
positrons are plotted as blue lines. Figure 2 is plotted for

FIG. 2. "Color# Results of the Monte Carlo simulation showing runaway
avalanches for air with the electric field E=750 kV/m. The black trajecto-
ries are individual runaway electrons. The blue trajectories are positrons.
The central avalanche is due to the injection of a single, 1-MeV seed elec-
tron. All the other avalanches are produced by x-ray and positron feedback.
The top panel is for times, t%0.5 &s, the middle panel is for t%2 &s, and
the bottom panel is for t%10 &s. If the simulation was not artificially ter-
minated at 10 &s, the number of runaway electrons would continue to grow
indefinitely.

042901-6 Joseph Richard Dwyer Phys. Plasmas 14, 042901 !2007"

Downloaded 23 Mar 2009 to 146.229.56.216. Redistribution subject to AIP license or copyright; see http://pop.aip.org/pop/copyright.jsp

t < 0.5 μs

t < 2 μs

t < 10 μs

Initial avalanche from
a single 1 MeV seed
electron.

Additional avalanches
produced by x-ray and
positron feedback. 

Black = Electron
Blue = Positron

E = 750 kV / m
for 150 m,
è110 MV potential

J. Dwyer 
(2007)
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Finding GBM TGFs
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150 ms of BGO data
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Lightning, Radio and Storms
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World-Wide Lightning Location Network (WWLLN)
Very Low Frequency (VLF) Radio
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Correlating TGFs in gamma-rays (GBM) 
with lightning via radio (WWLLN)

é é

é é

Connaughton et al. (2010)
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Technique of 
Connaughton et al., 2010
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VLF localizations, ~10 km uncertainty
Regional maps from sample of 1341.
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1341 WWLLN and ENTLN locations for Fermi GBM TGFs
For first catalog and first increment, to 2015 June 24.

Preliminary, e.g., footprint associations for TEBs not included.
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1341 WWLLN and ENTLN locations for Fermi GBM TGFs
For first catalog and first increment, to 2015 June 24.

Preliminary, e.g., footprint associations for TEBs not included.
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Connaughton et al. (2012)salmon: All 594 TGFs
blue: TGFs with simultaneous WWLLN sferics
asterics: fraction with simultaneous

The probability of detecting radio emission from a TGF is anti-
correlated with TGF duration è most TGF-associated radio 
emission is directly from TGFs, rather than associated 
lightning radiation.
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Connaughton et al. (2012)

WWLLN-measured radiated energy: 
simultaneous sferics (pink) and non-
simultaneous (teal)

222015 Oct 6
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FIG. 1. Maps of the 24 TGFs locations (red Squares – WWLLN or ENTLN) and the NEXRAD stations

(blue circles) that observed the corresponding storms. The dashed orange line shows the northern limit of the

orbit of Fermi – TGFs are detected past this limit, with decreasing probability with distance, due to the ⇡800

km detection radius of GBM. Two of the TGFs were over land, 17 over ocean, and five are within 10 km of a

coastline. The median distance of the TGFs from coastline is 28 km.
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TGF-producing storms: 
 Observing TGF locations (red) with 

NEXRAD Doppler Weather radars (blue)
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NEXRAD radar: Enhanced Echo Tops (EET) and 
radar reflectivity (dBZ)
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Terrestrial Electron Bursts (TEBs)
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Meteosat 9 image
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Magenta: simulation by J. Dwyer
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TEB Identification
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Multiple criteria:
511 keV line,
Lightning activity at possible source locations,
Mirror pulse,
Time history as predicted for TEB,
Asymmetry of detector signals.
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GBM TGF Catalogs
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First GBM TGF Catalog

The first GBM TGF catalog was released in January:
http://gammaray.nsstc.nasa.gov/gbm/science/
description.html

It has data for 2704 TGFs through 2014 July 31, including 
476 triggered TGFs.  High quality: cosmic rays removed 
by checking Fermi LAT calorimeter data.

Data included: time, spacecraft location, count intensity, 
duration, …

Note: all GBM γ-ray data is available from the Fermi 
Science Support Center (FSSC).
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Second GBM TGF Catalog

The second GBM TGF catalog will be released by 
January.   Besides updating the existing tables to ≈3450 
TGFs through 2015 June 24, it will add additional data and 
software:

Terrestrial Electron Burst (TEB) Table (~30),
Table of VLF associations / localizations (≈1300) !
VLF maps of lightning activity,
Software for using GBM Time-Tagged Event (TTE) data.
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