










The largest geomagnetic storms of solar cycle 24 so far occurred on 
2015, March 17 and June 22 with Dst minima of −223 and −195 nT; The 

active region produced a CME of about 1000 km s−1 associated 
with an M6.5 flare from N13◦W05◦ peaking at 18:23 UT on June 22. 

 Bz: Aragats and Nor-Amberd(in number of standard deviations) 



3 components of the geomagnetic 
field measured at Aragats 3200 asl 



3 components of the geomagnetic field 
measured at Nor Amberd 2000 asl 



The GRAPES-3 tracking muon telescope in 
Ooty, India (cutoff rigidities 15–24 GV, 

nine independent directions)  
 
 



The GRAPES-3 muon telescope in Ooty, India detected a 2 h burst of GCRs starting 22 
June 2015 19:00 UT that was strongly correlated with a 40 nT surge in the IMF  
(Transient Weakening of Earth’s Magnetic Shield Probed by a Cosmic Ray Burst 

P. K. Mohanty et all., Phys. Rev. Lett. 117, 171101 (2016)) 

.  
 

WIND data: (a) V
SW

, (b) |B|, (c) Bz,  

 
(d) GRAPES-3 muon-rate. Vertical dashed lines 

indicate CME arrival times (UT). 

Transient Weakening of Earth’s Magnetic Shield 
Probed by a Cosmic Ray Burst 
P. K. Mohanty et all., Phys. Rev. Lett. 117, 171101 
(2016) 



AMMM muon detector evidence 



Nor Amberd Neutron monitor: 
pressure corrected, filtered 



MAKET EFM 100 0- nothing special 
during geomagnetic storm 

it s huge drawback for any experimental 
arrangement. 



An examination of the worldwide neutron monitor data 
showed that Almaty, and Nor-Amberd stations located on the 
night side recorded increased rates coincident with GRAPES-3. 
However, no significant increase was seen by the instruments 

on the day side [30-NMDB.EU].  
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CUBE 8  evidence  



Wind speed is fast both at long 
negative and positive field, seem 

atmospheric pressure is not relevant 



Temperature vs NaI 1 



Pressure vs NaI 1 



SEVAN combinations: low energy electrons equal 
sensible to pressure as neutrals 



High energy muons as well very 
sensitive to changes of the 

atmospheric pressure  



Drastic difference between STAND3  
1100 and 1110 combinations 



2016 TGE summary 



 

NN Date  Start of TGE 
(UT) and el. 

field value 
kV/m 

Time of 
maximum 

(UT) and 
el. field 

kV/m  

TGE 
significance  

%/N of sigma 
STAND1 

MAKET100 

time 
(min)  

Drop of 
flux %  

Surge 
of el. 

field 
kV/m  

EFM 
Dist.  

km  

Interrupt 
by light. 

  

1 4/03 19:02/-5.5 19:10/-5.8 

 

12.6/18 8   10   

2 28/04 18.19 

-6.3 

18:23 

-13 

20.6/22.6 

18.5/20.5 

4 

5:30 

13.2 

15 

60 

71 

1.9 

1.9 

2  

3 4/05 18:57 

-2.4 

19:04 

-12.3 

45.7/56 

 

7 

8:30 

27 

14 

54.5 

52.5 

1.9 

2.9 

2  

4 12/05 13:40/-15 13:47/-29 13/27 7   10.8   

5 15/5 02.21 
15 

 

02:27 
-27 

20.6/17 6 
7:20 

17.7 
16.5 

56 
57.7 

9.7 
4 

2  

6 4/6 01:17/-3.3 01:25/-21.3 17.9/17.6 8 15.9 43.1 3 1  

7 8/6 11:37/-15 11:42/-26.5 32.1/37 5      

8 11/6 11:38 

41 

11:48 

-27 

26.2/36.7 10 

15 
 

19.2 

9.5 

51.6 

36.1 

1.8 

1.9 

  

9 16/6 1:53 
-15 

10:02 
-26 

18/28 9 
12 

25 
11 

57 
53.3 

9.6 
5.8 

2  

10 28/7 13:50 
4 

13:55 
-16 

34/44 5 14.5 38.6 1.8 1  

Main parameters of the 2016 TGE 
events 
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Main parameters of the 2016 TGE 
large TGE events 



28 July 2016 13:54 TGE abruptly 
terminated by lightning  

Date 

28 July 2016 

e intensity 

(1/m
2
min)

scint. N 7 

γ intensity 

(1/ scint. N 

7m
2
min) 

e/ γ 

(%) 

e intensity 

(1/m
2
min) 

scint. N 8 

γ intensity 

(1/m
2
min) 

scint. N 8 

e/ γ 

(%) 

13:52-13:53 276    2492 11 216 2100 10 

13:53-13:54 404     18180 2.2 0      10860 - 

13:54-13:55    628 30656 2.0   40 17616 0.2 

13:55-13:56    975 21120 4.6 344 10564 3.3 

13:56-13:57 88 11552    0.8    140 6728 2 

13:57-13:58 28   3856    0.7 0 2240 - 

	







Cosmic Ray background and its MSE along with recovered TGE 
flux by 20 sec energy releases in the first 60-cm thick scintillator 
of ASNT detector (only first 11 codes 1.6 – 4.2 MeV are shown) 

 



September 21: One-minute time-series of STAND1 100 
combination; flux enhancement 10% (14.4σ); lightning distance 

10.8 



GAMMA EFM and MAKET STAND1  3 cm thick 



Gamma upper, MAKET 
upper and SKL upper 

60 cm thick: 
“Razladka” 
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Main parameters of the 2016 TGE 
large TGE events 



60% of lightning hit the same place nearby Aragats station: a 
lot of iron there? 

Aragats		camera1			13:56:34.100		
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High Energy Physics in Atmosphere 
(HEPA): coming to a mature state 

 
A.Chilingarian,Yerevan Physics Institute 



Research of Thunderstorm Ground 
enhancements (TGE)  

• Helps to establish new Model of Lightning 
initiation; 

• Reject hypothesis of the high-energy particle 
(neutrons and gamma photons) origination in 
the lightning bolt. 
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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  5  6  7  8  9  10  11  

Energy(MeV)  1.6  1.8  2.0  2.2  2.4  2.6  2.9  3.2  3.5  3.8  4.2  

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  30.9  33.3  27.1  29.9  31.8  30.7  29.4  28.4  27.5  26.6  25.8  

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  43.4  45.3  -50.4  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  7.4  8.2  0.9  10.0  10.9  12.0  13.2  14.5  15.9  

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  22.9  22.6  22.2  21.9  21.8  21.5  21.3  21.2  21.1  20.9  20.7  

10:02:04 -10:02:23  80.4  114.1  83.7  36.3  29.9  35.9  33.0  57.7  27.8  18.3  39.1  

10:02:24 -10:02:43  12.4  -6.9  52.7  3.3  -1.1  38.9  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  

	



Lightning initiation- TGE is necessary’! 

1. Locally in the cloud electric field exceed the threshold 
of unleashing RREA without any relation to lightning; 

2. TGE started reach maximum in several minutes and 
make enough ionization to open conductive channel 
for the lightning leader; 

3. When leader reach earth's surface lightning strike and 
abruptly terminate the particle flux; 

4. “The charging engine” recovers the electric field in 
the same or another local place in the thundercloud; 

5. If storm continues Go To to 1; Else If thunderstorm 
calms Stop!  

44 



DUV 

MAKET 

GAMMA 

SKL 

DUV take field from SKL EFM, why not from MAKET? 
MAST EFM data is missing!? 
MAST distance to lightning is not listed  in ADEI. 
“Neutron” detector data (DUV) is missing! 
We have to attach 5cm thick scintillator instead of “Bogomolov” to 
pico trigger!  
 



MyRioDuvik – 4 channel; 23.24+/- 4.85;  50 ms data?  

MyRioDuvik – 8 channel; 299.26+/- 70.8;  1 sec data?  



Long lasting TGE; NaI spectrometers N 
1 and 2 (energy threshold 0.4 MeV) 

and 5 (energy threshold 4 MEV) 



Long lasting TGE; STAND1 detector 
signal only in upper scintillator(energy 

threshold 0.8 MeV) and in 2 upper 
scintillators (energy threshold 4 MEV) 



What happens with STAND1 MAKET? 



Visit to IKI RAS 

•  J.-L. Pinçon  "TARANIS: Mission status and data 
mission center” 

• A.Chilingarian High Energy Physics in Atmosphere 
(HEPA): coming to a mature state 

• RNF project: Комплексное исследование 
механизмов формирования атмосферных 
источников энергичных частиц и мощного 
высокочастотного излучения; 

• Настоящий проект объединит усилия трёх научных 
коллективов из России и Армении (ИПФ РАН, ИКИ 
РАН и ЕрФИ), имеющих большой опыт и 
возможности для решения сложных задач физики 
высоких энергий и атмосферного газового разряда; 
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High Energy Physics in Atmosphere 
(HEPA): coming to a mature state 

 
A.Chilingarian,Yerevan Physics Institute 



Research of Thunderstorm Ground 
Enhancements (TGEs)  

• Observations during 2009-2016 of the TGEs 
and their energy spectra on Aragats as well as 
detection on the millisecond time scales 
particle fluxes, lightnings and disturbances of 
the electrostatic field allows: 

• To prove the RB Model of Lightning initiation; 

• Reject hypothesis of the high-energy particle 
(neutrons and gamma photons) origination in 
the lightning bolt. 
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Kolomenskoe; MIFI 





Picoscope N4 (HOTEL) 
Change of voltage scale in Ch D 

from 5 to 10V 



November 28, 2016 Picoscope N4 (HOTEL) 
Voltage scale 10V for Ch D  

10ms 

Zoom in next slides 



100s 

November 28, 2016 Picoscope N4 (HOTEL) 
Voltage scale 10V for Ch D  



1s 

November 28, 2016 Picoscope N4 (HOTEL) 
Voltage scale 10V for Ch D  



 
 November 27,2016  

Picoscope N3 (MAKET) 
 

10ms 



 
 November 27,2016  

Picoscope N3 (MAKET) 
 

100s 



20ns 

 
 November 26,2016  

Picoscope N3 (MAKET) 
Ch A 

 



20ns 

 
 November 27,2016  

Picoscope N3 (MAKET) 
Ch A 

 


