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TERRSTIAL GAMMA RAY FLASHES

eRare phenomenonthat happensinordinary

thunderstorms. <

&
Satellite
« Observed byorbitinginstruments (BATSE, RHESSI,

FERMI, AGILE)

o Duration oftensofustoms.

Bremsstrahlung <O
radiation - <
. generated duringtheinitial negative breakdown stage b, % e
~ .// 2 . g\\‘\ﬁ
of IC lightning 6. - Y
14 19 -
e 10 -10 , E>100KeV (~2.8 KV/em

al ground

ressure
g ) Lightning

Leader Tip

4T
\tlc lightning

20} 108 868 1433 1457
20
10
0

w[zm 2185 2223

H ;hm
% < L " J.._
A

s(,P.'¢7ta 2457 2465

- TGF Cartoon: W. Xu,




TERRSTIAL GAMMA RAY FLASHES

* Is there a
counterpart to
this
phenomenon?

- Can we obtain
quantities at the
generating TGF
sources?




Dwyer et al, JGR 117 A10303 (2012)
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Telescope Array Observatory
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SCINTILLATION COUNTERS
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LIGHTNING MAPPING ARRAY
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How Lightning Mappeo

. Impulsive RF Radistion from Lightiing
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Slow antenna
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NATIONAL LIGHTNING
DETECTION NETWORK (NLDN)
DATA BASE
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can we obtain quantities at the
generating TGF source?
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TA/LMA “Flash 1"
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AE (“Slow Antenna”)
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Are we seeing downward TGFs?

* Photon absorption length plateaus
at few 10's g/cm? above ~100 keV. ¢
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Comparison
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Comparison with other
observations
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Abbasi et al. Journal of Geophysical Research Atmosphere 123 p6864 (2018)

ADVANCING
EARTHAND
1‘\\7\' SPACE SCIENCE

Journal of Geophysical Research: Atmospheres

RESEARCH ARTICLE
10.1029/2017JD027931

Key Points:

« Gamma ray showers have been
detected in a surface scintillator array
coincident with lightning observed by
a lightning mapping array or Delta E
antenna

« The showers were produced less
than 4-5 km above ground in the
first 1-2 ms of downward negative
breakdown during cloud-to-ground
flashes

« The source durations are better
resolved than for satellite
observations and are consistent with
being produced by stepping of the
initial leader breakdown
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First observation of TGF with slow antenna, LMA, TASD, and
NLDN
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» world largest
sample of
downward

TALE SD B x5l observeag

gamma rays.

« we will have |0

Events per year.




BREAKING NEWS!
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Slow antenna
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Fast Antenna
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Leader Stage
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Is this the origin of TGFs?
P.Krehbiel et al
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SUMMARY

» observed 25 TASD bursts In coincidence with lightning (world
largest sample of downward observed gamma rays).

* |5 observed with LMA or slow antenna.

* Orniginate TGF observations to the IBPs of lightning.
+ Forward-beamed showers of 10'*-10" primary photons.

* First observed event with INTF and Fast antenna correlating
observed 1 GF with two particularly energetic leader steps.
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SD response: yand e’
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Are we seeing downward TGFs?

* Photon absorption length plateaus
at few 10's g/cm? above ~100 keV. ¢
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 ~100's of meters @ TA elevations

Absorption

* Few of the primary photons make A7 |
it to the ground! pdg.lbl.gov
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GEANT Simulation
of Atmosphere and TASD

US standard atmosphere
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Tran et al, J. Atmos. & Solar-Terrestrial Phys 136 86-93 (2015)

 Ground-Based TGF #2

» 20140613

* During natural 224 kA —CG return stroke

e 191 us after peak of ground stroke

* 6Ys<35.7MeV

* No radiation prior to ground stroke, TGF after.

sl 1 TGF

Return stroke 4 i
3| i peak

Energy (MeV)
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TA/LMA “Flash 3"

-94 kA
"0 \ s == 2016/05/10 02:41:50
l_ TASD triggers + Isolated event May 2016
8 -~ NLDN cloud-ground
E +_LMA Sources « TASD triggers in 2rd ms of flash.
3 | L oo afae s Ground stroke occurs rapidly
g i rf”"f.‘”% ol L h after.
£ B R B . .
" N ' « Suggests a somewhat different
2 “energetic leader” event
060 0 0ss 1o ies e propagating rapidly to ground.
Y . , | « Consistent with exponential
210 growth of SD pulse heights with

time.

——————

10’ |

10° 1

101 l . lll ‘ . . 1 .

0 100 200 300 400 500
time after first trigger (us)




Dwyer et al, JGR 117 A10303 (2012)
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ADC Coun
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TASD Waveforms, Flash 1, 2, 3
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TELESCOPE ARRAY

TASD Y-ray SD
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"Flash3” Event 20160510-024150
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"Flash 2" Event 20150915-193701
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Cosmic Ray Shower (top) and “Burst” Event
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