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2016 TGEs occurs at prolonged (3-10 min)
negative electrostatic field; lightning abruptly
terminates TGE; largest TGEs occurred when
there is no nearby lightnings.
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MAKET Experimental hall (electron lost
by ionization ~ 20 MeV in the
construction matter)




Aragast Solar Neutron Telescope
(calorimeter for 10-120 MeV particles)
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1-minute count rate of 5 cm thick, 60
cm thick scintillators and vertical
traversing particles.
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= Aragats Solar Neutron Telescope
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3 Vertical
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Particle fluxes come from near-
vertical direction

ASNT

Aragats Solar Neutron Telescope

Count Rate(sigmas)
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19 September 2009: Energy release
spectrum of TGE gamma rays (Emax ~
30 MeV)
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19 September 2009: Energy release spectrum
of TGE electrons (Emax ~ 25 MeV)
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4 October 2014: insert 1-sec time series of count rate of 3 cm
thick plastic scintillator (blue), near surface electric field (black)
and temperature and dew point used for the spread calculation

(red). Spread = 1.3-1.1; Cloud height ~25 m, electron energy
losses ~ 5 MeV.
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TGE gamma ray diff. energy spectra on 4
October 2014 Maximal gamma ray energy 25
MeV, cloud height ~¥25 m
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Differential Energy spectra of RB electrons. Emax ~ 20 MeV, declined
after lightning; Maximal energy of electrons on the entrance from
cloud 20+20+5 = 45MeV
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Nal Detector

Nal spectrometers
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Energy spectra of the TGE particles (gamma rays with small
contamination of high-energy electrons) measured with Nal
spectrometers
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Nal network N 5, energy threshold 3-4 MeV; Spread at particle
peak equals -0.6 - (0.8) = 0.2; Cloud base heigth-122 m * 0.2~

25 m
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MFJ-1022 active antenna
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50 ms time series of el. field;
particles from 4-channel
STAND1 detector; SKL hall.

/

NI-myRIO board
with GPS timing and 7

\ digital inputs /

50 ms time series: el. field;
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Electric field from SKL EFM-100: 100 ms surge from 59:51.92 (-9.7
kV/m) until 59:52.02 (38.7 kV/m); MAKET and SKL FDAQ at 59:51.75.
Particle flux observed —SKL STAND1 3 cm thick scintillator. Lightning
stroke occurred at 11:59:51.82 (detected by EMI)
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Electric field from GAMMA EFM-100: 50 ms surge from
59:51.94 (-35 kV/m) until 59:51.99 (35 kV/m); MAKET and SKL
FDAQ trigger coincides at 59:51:75. Particle flux observed -
GAMMA STAND1 1 cm thick scintillator: decline during
rearrangement of electric field after lightning.
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40 ns time series captured by digital oscilloscope located in

the SKL experimental hall on Aragats. April 14, 2017 11:59:52
Fast electric field and Nal detector N3. Note 4 bipolar pulses in Nal
outputs coinciding with fast bipolar pulses after trigger in fast forms !

Nal crystal N3, particle intensity ~ 103
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“Particle” burst detected by Nal crystal
- EMI!

_Signals from the Nal crystal,
intensity ~ 10°

—
20 microsec

Fast electric field Triger
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Typical shape of the signal from particle
detected by the Nal detector

_ Nal detector N3

1 microsecond
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Picoscope N3 MAKET April 14, 2017 11:59:52
ChA-Onesec3cm; ChB-Oneseclcm
Again EMIs in plastic scintillators!

13 '
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3 cm thick scintillator ’
100 ms
Trigger 1 ] - o
1 cm thick scintillator
| i — S
T e " ! ‘ "I CorT T ! ] B [T
. tt 11 |

Four pulses with similar shape. Zoom of first pulse is shown in next slide



Picoscope N3 MAKET April 14, 2017 11:59:52
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June 16, 2016: Height of the cloud
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Nal 1 and 2
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ASNT — universal

z ».

'

‘

, |
| |
. |

o 7 1l 4cm
s i I
1 I
86,5cm i l}
E ]
|
o i o |
e ©) ©] !
oy |

120cm e | —
P T ; |

// 1
w RS | © ) R

— pe CH
60cm pr | |
N - I H

,‘ .Y ; "

%

118cm

Aragats Solar
Neutron Telescope

QUL
= Summit
" f Aragats

—(3750,1)
NORTH side “ E\
R 7

Gllzarad
WEST side g g EAST side
3 = Ka
relake\3o0p )
3 3 B B = 2 %
g e 3 SOUTH side E E] E
——————————————————————
T f f T P t
60cm | | i | 4em | N |
L | Il | e — | I |
N [ [ VRS e || D P %] [ E——— J
l-—ﬂmcm—-’
N N
3 Iy
g b
3 3




'E Lo = (2754 0.11) 10° E*1540%)
= 16 June 2016
£ 10 4L 10:00:44 - 10:02:04
- ASNT Det.1
é 12000 events
2z 107k
£
]
=
= 102
| |
10 ¢
i
1 £
Aar
10 - .
1 10 10
Energy release (MeV)
i
W
= 5 16 June 2016
£ 107 10:02:24 - 10:02:44
£ ASNT Det.1
é 655 events
2 10°F
g ==
R ¥ ?!
10 | ﬂ
1 F
1T
10 ol
1 10

10
Energy release (MeV)

2

-1

Intensity (mzmin. Mev)

-1

Intensity (mzmin. Mev)

ITGE

=(6.84+0.68 ) 10° E*19+£009

16 June 2016
10:02:04 - 10:02:24

ASNT Det.1

© 2900 events

P |

2

10 10
Energy release (MeV)

IH‘

16 June 2016
10:02:44 - 10:03:04

ASNT Det.1

190 events

P

10 10
Energy release (MeV)



16 June, 20-second energy release spectra in 60 cm thick plastic
scintillator before the lightning occurred at 10:02:11; the
enhancement of count rate in the 22 ADC channels (1.62- 15.9 MeV)
to be compared with CR MSE (red); lightning at 10:02:11

Code of ADC 1 2 3 4 ) 6 7 8 9 10 11

Energy(MeV) 16 |18 |20 |22 |24 |26 |29 [32 [35 [38 [42

CR background 952.0| 1112.0| 735.0 | 892.0 | 1013.0 | 941.0| 867.0 [ 808.0 | 754.0 | 708.0 | 664.0

CR variance 309 | 33.3 27.1 1299 |[31.8 30.7 | 294 |284 |275 |26.6 |258

10:02:04 -10:02:23 | 161.2| 175.0 [85.4 |196.3|227.6 | 239.0| 212.7|122.0 | 144.4| 161.6 | 152.8

10:02:24 -10:02:43 | 90.2 | 14.0 121.4 | 47.3 | 18.6 50.0 | 75.7 [99.0 |[15.4 |19.6 |38.8

10:02:44 -10:03:03 | -5.8 | 81.0 434 453 |-504 | 5.0 -1.3 [20.0 |-20.6 (-0.4 |14.8

Code of ADC 15 16 17 18 19 20 21 22 23 24 25

Energy(MeV) 6.2 6.8 74 |82 0.9 10.0 | 109 (120 (132 [145 (159

CR background 526.6| 510.9 |492.3|479.7(474.1 | 462.1| 455.0 [ 449.3 | 446.2 | 435.7 | 429.9

CR variance 229 1226 |222 |219 |21.8 215 1213 |(212 (211 (209 (20.7

10:02:04 -10:02:23 | 80.4 | 114.1 |83.7 [36.3 |29.9 359 [33.0 |57.7 |[27.8 |183 [39.1

10:02:24 -10:02:43 | 12.4 | -6.9 52.7 |33 -1.1 389 (0.0 1.7 23.8 | 31.3 |26.1

10:02:44 -10:03:03 | -9.6 | 3.1 12.7 |-16.7 | 19.9 -1.1 (7.0 -0.3 |[15.8 |33.3 |[6.1
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Dynamics of TGE on March 4, note the symmetry of start and decay!
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Intensity of TGE should be inversely proportional to cloud height and proportional to
electrostatic field (a proxy of field in the cloud); however we need electromagnetic
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cascade simulations in the electrified atmosphere for firm inference!
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RB/TGE and MOS processes in
thunderclouds

TGE started with gamma ray flux having exponential energy
spectrum up to 4 MeV;

In few minutes the RB process started just above the detectors and
maximal energy of gamma rays/electrons can reach tens of MeV;

After lightning and rearranging of intracloud electric field the high
energy part of spectra (RB) vanished very fast, however low energy
gamma ray (below 4 MeV) still can come from distances above 1
km;

Rather few highest energy gamma rays (up to 100 MeV) form the
“tails” of TGE due to enhanced probability of the bremsstrahlung
process of high energy electrons (100-300 MeV) in the strong
electric field.

Thundercloud is full of radiations the RB process started and ended
in several places and keep low energy gamma ray flux sustainable at
least in a part of cloud for a limited time.



