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TheMechanism
(EASRREAgnition Streamertlashes)

Kostinskiy A., T. Marshalland M. Stolzenburg (2019)arXiv:1906.01033

We proposea mechanismfor the appearanceof lightning after initiation
by NBEs(narrow bipolar events) or weaker initiating events (IE), in a
turbulent cloudwith stronglocalelectricfields

Theseinitial events are a volume of positive streamersinitiated by the
EASRREAhasewave of relativistic particlesand gammaphotons

Due to ionizationtheating instability , unusual plasmaformations (UPFs)
appearalongthe trajectory of streamers,which are combinedinto long
hot plasmachannels

Interaction of plasmachannelsthat are formed closeto eachother leads
to formation of three-dimensionaplasmanetworks

Interaction of three-dimensionalplasma networks leads to a series of
breakdownghat are the sourceof initial breakdownpulses(IBP$

Successivebreakdowns along the extending path eventually make a
conductivechannelthat cansupporta steppedleaderprocess



https://arxiv.org/abs/1906.01033

_andscapeof the electricfield needed for many
streamerflashes in about > gNBE/CID)

Kostinskiy et al., 2019, arXiv:1906.01033

3 MVi (m atm) 3m

0.45 MV/(m 2

0.35 MV/(m 2

Hydrodynamic and statistical processes in a thundercloud
can create such an electric fieldndscape

(Colgate, 1967Trakhtengerts 1989;Trakhtengertset al., 1997;
Mareevet al., 1999;ludinet al., 2003;ludin, 2017; Brothers et

al., 2018



Requirementsof the Mechanismof
the Initiation of lightning

Theorigin of streamerflashesrequires

A Areasof 2-10 cm in size(from Meek's criterion) with
fields9 »@ MV/(Y'T | )Lal’é required for initiation of
streamerso a kldctkades B, -volume)

A Areasof 10¢100 m in size with electric fields Em x
0.45¢0.5 MV/(Y'i |)i &fe needed to maintain
movementof streamers

A Thefirst electronsare create by cosmicrays (EASat
altitude of 5-20 km)

AWithout a conductive plasma channel, only
relativistic particles can provide a speed of
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aL3IYAGA 2 Y-BRER phasé Kase o9strdamer flashes by
relativistic particles with a speed of 10® m/s
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1 - the primaryparticleof EAS2 ¢ EAS3 - secondaryEASelectrons 4 ¢ RREAS - regionof a strongelectricfield; 6 -
EASRREA&lectronscrossinghe regionof strongturbulenceof a thundercloud,which createsstrongelectricfields;
7 - EASRREAynchronizedstreamerflashes 8 - anda | 3 IN$ O (i(B®dRuBé)that crossedan energeticelectror; 9
-and I 3 INS O lthaPh&sSat crossedan energeticelectron S



G L 3 y rfithe EASRREA phaswave of streamer flasheby

relativistic particles with a speed of
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Estimate ofthe dynamics of the occurrence and initiation
of avalanches inside air electrodes due to background cosmic ray

U isthe numberof air electrodes[L3], t is the time [S],a is the rate
of formation of air electrodesdueto turbulence,statisticalfluctuations
of the electricfield, amplificationof the electricfield by hydrometeors
[L3S1], * s the frequencyof death of air electrodes[SY]. In a first
approximation,we considerthe rates of formation and death of air
electrodesto be constant

The solution to this equation wiile

o
6 0 0 —® Q )

0 isthe numberof & I & NS O (I BtRhR fie ©f EASarrival In
x 150ms, this equationreacheghe stationarysolution
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¢ KS ¢ 2 gighiz&ighRdeficient  in airis well described by the interpolation formula
(Raizer1991, p. 5y
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The frequency an%l average ionizatiomme T  of the air electrode depending on the

altitude will vary in proportion to the exponential squared and inversely to the fourth power of
the electric field

| s | "8(08 ﬁo D) [ ]H’de]ﬁ o=

’ is thecosmicray incidentfrequency (0 & h(EXPACS, Sato (2015))

0,038
30 3 8,36 4,88 1,46 27,26 0,037
40 4 26,06 2,24 5,03 19,80 0,050
45 4,5 48,31 1,95 10,60 31,66 0,031

50 5 77,13 1,742 12,25 29,20 0,034 8



Scheme for calculating the flow of electrons crossing the region
of a thundercloud with a strong electrifield (EEvolume)

Thegreenarrow and greendots alongthe positive part of the x axisshow the order of variation of the coordinate e:-of a circle
of radius R first cycle),which allows usto calculatethe number of seedEASelectronssendingelectronsto the point « 4 ;the
pink arrow and pink dots alongthe negativepart of the x axisshowthe order of variation of the radiusR (secondcycle),which

allows usto calculatethe sumof all electronsat the point «.. » ; the red arrow and red dots alongthe positive part of the y

axisshowthe order of variation of the coordinate of the point «L » , in which the elegtronflux is calculated(third cycle) thick

blue arrows showthe distancer®, rt in equatlon(* p.11) from the pomts (o hl ), (e:fw ) to the point €1 » ; symmetricalthin
blue lines showthe distancesfrom the points (e- h: ), (o h ~)tothe p0|ntc+ ). ' 0




Radial(lateral) distribution of the avalanche of
relativistic electrons (RREA)

Dwyer (2010)Babich& Bochkoy2011) calculated using the Monte Carlo method the radial (lateral)
distribution of the avalanche of relativistic electrons (RREA), which was initiated at a point by one or
more initialelectrons
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The NKG approximation is used for EAS characteristic estimitomata& Nishimura, 1958):
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where” (Y) 2 is the particle density on the distance r from shower ax¥es, ¢ total number of

shower particle)Y  x {ox ] 00 oo(ﬁg) ca DZ adiNg shower age parameterand(i) 1@ ¢ 9
i dcgrx i)8 ,s=0.9.
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Totalnumber of streamer flashes in the entire EEvolume,
depending on the distance (or time)
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Thecalculated electrorflux ) at the point @ & hx & of the axisymmetric radial distribution in each layer of the

EEvolumewill be:
8
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Theprobability of such an event is calculated using the simplified Bernoulli formula and it is equal to p

(p n) ,where0 is the flux of energetielectrons.Thus, the total number of streamer flashes in the entire EE
volume, depending on the distance (or time), we obtain by integrating the number of flashes in alblagknsg thez
axis (Figure S2):
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Estimation of the number of streamer flashes, depending on the path
z(t) that the EASRREA avalanche traverses inside thevékime.
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The calculationwas carried out for a height of 13 km, 0 p 1, R,=328 m, T T[-F[O—(L|J U—) _
¢ X &, the probability of initiation of air electrodesisB 18t 11, phe densityof the numberof air electrodeswas
consideredconstantand equalto m p Tt I . Thered verticalline showsthe avalanchepassagdime 1385m

(5.4 >sfrom the beginningof the movement) which setsthe volumeofthe | dvolumetox 1.0__a3(U U=5008 .)
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Numberof flashesdn,/dzin each transverse air layer rh thick
for the conditions of Figuren p.12
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Dependence of the number of streamer flashagz) on the
electric field strength.
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Effect on the number of streamer flashew(z) of volumes of the EE
volume of a thundercloud (at an altitude of 13 km), which are
defined by the radii of the Ef2olume
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Number of streamer flashes;(z) at an altitude of 13 km depending
on the number of EAS seed electroﬂ{

p (i € G'(XTPITLO* (dashedlines) 10° (dasheddotted lines), 10°

107 :
« 1M
10
10°
104
3 )
10 4““{ e
102 ;‘(/
1 i
10 V
100 y
10-1
—— Ne=1e+03, E=400 -=—=- Ne=1le+04, E=400 —-= Ne=1le+05, E=400 ----- Ne=1e+06, E=400
10_2 ——— Ne=1e+03, E=500 ——~- Ne=1le+04, E=500 —-- Ne=1le+05, E=500 ----- Ne=1e+06, E=500
—— Ne=1e+03, E=600 ——- Ne=1le+04, E=600 —-=- Ne=1le+05, E=600 ----- Ne=1e+06, E=600
—— Ne=1le+03, E=700 —-==- Ne=1le+04, E=700 —-=- Ne=1e+05, E=700 ----- Ne=1e+06, E=700
10-3
104 t,uS -
037 075 112 150 187 225 262 300 337 375
| 1 1 1 1 1 1 1 1 !
0 100 200 300 400 500 600 700 800 900 1000
Z.m

values, the calculationwas performed for four electric fields t T[-F[O—éLD u—),
L TF—(p T4~
X T[-F[— PT &) ,

T[8IT[p

Cwakl

PLO

(e
p 1A

dotted lines) For each of these

¢ X& T red,
T yellow, cpnﬁo—(p czﬁ(—), _ pTIé T green
is 13 km, probability of electron hit is

T blue.

,R,=328m.

Height

16



Influence of the sizes of the EE region of a thundercloud

(altitude 6 km 4l £ =1

) on the number of streamer flashas,(z)
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Number of streamer flashes,(z) at an altitude of 6 km
depending on the number of EAS seed electroﬂli=4|
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