Observations of Thunderstorm Ground Enhancements
with Intense Fluxes of High-energy Electrons
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High energy electrons from thunderclouds

\ | in —h )
EEPsReEn 1 Wilson CTR (1925). "The acceleration of
9 AT beta-particles in strong electric fields such
i e S ~—asthose of thunderstorms". Proc.
b bt bt Nz Cambridge Philos. Soc. 22 (04): 534-8.
o <41 . Saahie P e b y R
| mm. = == “In a field of 20 kV/cm the energy supplied to p-
o PR ARE NN 1 jul particle will exceed the average loss; so that
1 s } particle will be continuously accelerated until
D[ o TRhNAL ]| some accident occurs”.
! _ EaE= ey = =5 ||
) e Ll et L] =

| e e i i H I E
5

@ YEREVAN PHYSICS INSTITUTE



Relativistic Runaway Electron Avalanches (RREA) and
Thunderstorm Ground Enhancements (TGES)
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Modification of secondary cosmic ray particle
spectra
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Count Rate

Count Rate

Particle fluxes from thunderclouds
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See the presentation by Tigran Karapetyan

on the statistical study of TGES!
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Particle detectors enabling TGE patrticle
separation and high energy electron detection
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Aragats Solar Neutron Telescope (ASNT)
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Measuring not only particle count rate, but also energy releases spectra in

scintillators!
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Number of events

Cube energy deposit spectra for background cosmic
ray particles and October 4, 2010 TGE particles
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The TGE gamma ray recovery procedure

The unfolding of the gamma ray spectrum above the roof of the
building (if it's an indoor detector) at altitude of 3200 m was made
in the following way:

*A power spectrum with initial parameters randomly chosen from
predetermined interval is generated,;

*This spectrum is used to simulate traversal of gamma rays via
roof and ASNT detector components to finally obtain simulated
energy release spectrum;

*The obtained simulated spectrum is compared with experimental
one; the discrepancy (quality function) and initial spectrum
parameters are stored,;

If number of iterations is not fulfilled go to step 1.
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The TGE gamma ray recovery procedure: October
4, 2010 event

Gamm spectrum reconstruction: Oct 4, 2010 event Cube Gamma spectrum reconstruction: Oct 4, 2010 event
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Number of particles

Obtained from simulation and measured energy

deposits
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The energy spectra of the largest detected TGEs
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TGE gamma ray and electron spectra(right) and
RREA gamma ray and electron spectra (left)
1500 m field length and 1.8.kV/cm field strength
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Thundercloud height estimation
using e’y ratio dependence on free passage after
coming out from electric field region

| Electron/Gamma ratio dependence from free passage
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The thundercloud height is ~50-150 m for electron TGEs.
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The electron and gamma ray registration
efficiencies and October 7, 2012 TGEs detected
by Stand3
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Thunderstorm Ground Enhancements (TGES) of
October 7, 2013
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Count rate enhancements (or deficit) detected by
STAND3 on October 7, 2012 in standard
deviations

STAND3 [1000] [1100] [1110] [1111]

Combinations Number of 6|Number of 6|Number of ¢|Number of ¢

14111 10 4 1 0

15.08 27 9 5 4
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The gamma ray registration efficiencies and
October 7, 2012 TGEs detected by ASNT
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Correlations with meteorological parameters
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The electron spectra of the TGEs
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The total number of RREA electrons estimated is ~101! and ~1013 for
the October 7 and the largest TGEs respectively.
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Simulations of RREA process in 500m electric
field
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The recovered gamma ray spectra of the TGEs

Gamma rays Oct. 4, 2010 TGE

| = 3.5e+05**%***%1 (5.10 MeV)
— = 4.2e+07*E**°? (10-100 MeV)

Gamma rays Sep. 19, 2009 TGE

| = 5.2e+07*E"3*%?° (10-100 MeV)

Gamma rays Oct. 7, 2012 TGE
———— | =1.3e+05*E”* (10-60 MeV)
Gamma ray background 3200 m

0O 10 20 30 40 50 60 70 80 90 100
Energy [MeV]

TEPA-2013 @YEREVAN PHYSICS INSTITUTE



TGE gamma ray spectra recovered by Nal
detectors

Event date Peak time -y

07.10.2012* 14:09 2.01+0.3
12.05.2013* 06:36 1.96+0.11
15.05.2013* 12:30 2.09+0.33
09.06.2013* 21:47 2.42+0.07
19.06.2013* 07:36 2.51+0.05
19.09.2009** 22:47 3.4+0.25
04.10.2010** 18:23 3.3+0.02
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RREA electron spectrum

« Marshall et al., 2005 “The maximum measured electric field in the thunderstorm
region was 186 kV/m”

« Dwyer et al., 2010 “The average energy of runaway electrons is 7.3 MeV,
independent of the electric field magnitude and air density”!
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RREA simulations and the measured TGES

average energy (keV)
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Conclusions

« Largest TGEs can be explained only by invoking RREA mechanism.
The energy spectra of the electrons have an exponential shape and
extend up to 30—40 MeV. Recovered energy spectra of the gamma
rays are also exponential in energy range 5-10 MeV.

« The RREA process can multiply particle flux up to times above ambient
background of secondary cosmic rays; the spectra modification
process can provide several percent excess above cosmic rays,
however for the much higher energies, extending gamma ray spectrum
up to 100 MeV.
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Conclusions

 Every TGE is unique due to different structures of electric fields in
thunderclouds. The measured TGE (RREA) electron spectra do not have the
energy cutoff ~7 MeV as it follows from the theoretical predictions. The ~7 MeV
cutoff would be obtained for higher than measured electric fields in
thunderclouds. Moreover, the measurements of RREA spectra during TGEs
may allow to estimate the atmospheric electric field parameters.
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Chilingarian A., Vanyan L., Mailyan B., Observation of Thunderstorm
Ground Enhancements with intense fluxes of high-energy electrons,
Astroparticle physics, 48, 1-7, 2013.
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