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CONTENT

• The history of neutron detector signal investigation at

Tien Shan in thunderstorm times
(what's done? � 2010�2013):

* the neutron intensity variation in the NM64 supermonitor;
* high-resolution intensity measurements with a lightning trigger;
* e�ciency calculations for the Tien Shan neutron detectors;

* estimations of the typical neutron energy and momentary neutron �ux at

lightning discharges.

• The modern scheme of Tien Shan neutron experiments:
* the newly designed detector set-ups for accurate neutron registration

under thunderstorm conditions;

* the registration of neutron data and procedure of their operation.

• Experimental results on the search for neutron signals at

thunderstorm times in 2015-2016 seasons.
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2010: an increase of the signal from Tien Shan neutron
detectors at thunderstorm time
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2011�2012: neutron intensity measurements with
enhanced temporal resolution
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2013: precise registration of the neutron monitor signal
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Tien Shan neutron detector set-ups in 2010�2013

Neutron detectors:

• External (Ex);

• Internal (In);

• Under�oor (rubber shielded, U);

• the NM64 type neutron monitor
(three units: A, B, C);

• neutron counters in 160M detector
point(PUP, 2013).
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Calculations of the neutron detection e�ciency (Geant4)

n + 3He →
3H + p
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E�ciency of the neutron supermonitor (Geant4)

n +10 B →
7Li + α 10-2 10-1 100 101 102 103 104 105 106 107 108 109
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Neutron detectors & outer environment (Geant4)
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E�ective energy and �uence of the neutron �ux

F = Np/(S · ε(E ))
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Fluence & energy estimations of transient neutron �ashes
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Current experiments � I: the SHIELDED neutron detector

1 � aluminum box with 1 mm
wall thickness;

2 � the "Helium-2"neutron
counter,

3 � 10 mm thick para�n
moderator;

4 � the solid electromagnetic
shielding of 2 mm iron sheets.
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Shielded neutron detector: the basic operation principles

• 160 µs resolution
of pulse intensity
measurements;

• synchronization
with lightning
trigger;

• simultaneous check
of the neutron
signal waveform
with a 20 ns
resolution;

• simultaneous
monitoring of pulse
intensity variation
with a 1�10 s
resolution;

• fully autonomous
powering from
internal
accumulator source
in thunderstorm
time. 12 / 18



Current experiments � II: the neutron detector
with DEEP absorber

1 � aluminum box with 1 mm wall thickness;
2 � the "Helium-2"neutron counter,
3 � the "SNM-18"neutron counter,

4 � neutron absorber/re�ector of rubber (C2H2)n;
5 � concrete �oor.

• UPPER • UPPER(SNM18)

• MIDDLE

• LOWER
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25 JULY 2015 // 06:55:28
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7 JUNE 2015 // 06:09:38

15 / 18



Neutron events of the 2016 summer season
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CONCLUSION

• the following results were obtained in previous measurements
at Tien Shan for the transient neutron �ux enhancements at
the km-scale distance from the region of lightning discharge:

* typical duration < 1 ms;
* characteristic neutron energy in the limits of 0.1− 104 eV;
* the �uence about 0.01− 1 neutron/cm−2.

• to check reliability of these conclusions, at the present time

(during the 2015-2016 summer seasons) the registration

succeeds on a number of neutron detectors with advanced

electromagnetic shielding and di�erent operation conditions,

and the set of newly obtained data is now under consideration.
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As an afterward: the ERG experiment (LPI, Moscow)

A.V.Agafonov, A.V.Bagulya, O.D.Dalkarov el al

Observation of neutron bursts produced by
laboratory high-voltage atmospheric discharge //
Phys. Rev. Letters 111, 115003 (2013)

A.V.Agafonov, V.A.Bogachenkov, A.P.Chubenko
el al Observation of hard radiations in a laboratory
atmospheric high-voltage discharge // Submitted to
Phys. Rev. Letters (2016)
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