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We present the first observation by the Telescope Array Surface Detector (TASD) of the effect of
thunderstorms on the development of cosmic ray single count rate intensity over a 700 km2 area.
Observations of variations in the secondary low-energy cosmic ray counting rate, using the TASD,
allow us to study the electric field inside thunderstorms, on a large scale, as it progresses on top
of the 700 km2 detector, without dealing with the limitation of narrow exposure in time and space
using balloons and aircraft detectors. In this work, variations in the cosmic ray intensity (single
count rate) using the TASD, were studied and found to be on average at the ∼ (0.5−1)% and up to
2% level. These observations were found to be both in excess and in deficit. They were also found
to be correlated with lightning in addition to thunderstorms. These variations lasted for tens of
minutes; their footprint on the ground ranged from 6 to 24 km in diameter and moved in the same
direction as the thunderstorm. With the use of simple electric field models inside the cloud and
between cloud to ground, the observed variations in the cosmic ray single count rate were recreated
using CORSIKA simulations. Depending on the electric field model used and the direction of the
electric field in that model, the electric field magnitude that reproduces the observed low-energy
cosmic ray single count rate variations was found to be approximately between 0.2-0.4 GV. This in
turn allows us to get a reasonable insight on the electric field and its effect on cosmic ray air showers
inside thunderstorms.

I. INTRODUCTION68

Understanding lightning initiation is one of the most69

important questions in atmospheric physics. The heart70

of the problem of understanding lightning initiation is71

that, with decades of electric fields measurements, the72

observed values of detected electric field are not sufficient73

to create a leader or a stroke propagating on a kilome-74

ter(s) scale [1, 2]. This could mean that either our un-75

derstanding of how lightning is initiated or electric field76

measurements in thunderstorms are inaccurate.77

Traditionally, balloons and planes are used to make78

such measurements. However, there are limitations to79

obtaining such observations. At first, sending planes, bal-80

loons, and launching rockets inside thunderstorms can be81

quite difficult and dangerous. Moreover, thunderstorms82

can span up to square kilometers in size, while the electric83

field measured by airplanes and balloons spans a small84

region in comparison. To be in the right location at the85

right time where the electric field and the potential differ-86

ence are of a high value can be of low probability. Most87

importantly, the instrument sent inside a thunderstorm88

might be responsible for discharging the thunderstorm89

itself before the electric field has the chance to build up.90

When cosmic ray particles interact in the atmosphere,91

they produce a shower of secondary particles. Dur-92
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ing thunderstorms, these showers of secondary particles93

would accelerate or decelerate, depending on their charge94

and magnitude of the electric field they are propagating95

through. In principle, studying the effect of the electric96

field on these secondary particles would allow us to mea-97

sure and model the electric field in their path indirectly.98

The effect of thunderstorms on extensive air showers is99

a hot topic that has been reported on by multiple exper-100

iments starting with the Baksan group in 1985 [3]. They101

argued that the effect of the observed cosmic ray vari-102

ations in the hard and soft components of the shower103

are due to the electric field in the atmosphere. Sev-104

eral studies and observations have followed EAS-TOP [4],105

Mount Norikura [9], GROWTH [8], Tibet AS [5], ARGO-106

YBJ [6], and SEVAN [7], reporting on the cosmic ray107

secondary showers (electrons, gamma rays, muons, and108

neutrons) variation in correlation with thunderstorms.109

Most recently, a potential difference of greater than 1110

GV inside a cloud ( predicted by C.T.R. Wilson 90 years111

ago [10]) was indirectly measured in a storm by the112

Grapes-3 Muon Telescope scientists [11]. Such potential113

difference is almost an order of magnitude larger than114

the previously reported maximum potential in balloon115

sounding (0.13 GV) [11, 12].116

In this work, we will present the effect of the electric117

field in thunderstorms on the extensive air showers as ob-118

served by the Telescope Array Surface Detector (TASD)119

single count rate. We will report on the observations in120

the variation of secondary cosmic-ray single count rate121

(See the trigger level discussion in Section II) . The vari-122

ations are slow, several kilometers square in area, and123

moves together with the thunderstorm on top of the 700124
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km2 detector. In comparison to detectors that are spread125

over less than km2 in area (i.e. [8]), it is unclear if the126

gamma ray emission ceases when the thunderstorm dis-127

appears, or when the gamma ray source moves away from128

the detectors observing the rate variation, as the thunder-129

clouds moves. We will attempt, to report on this ques-130

tion, for the first time, using a large area coverage of131

700 km2. Moreover, we will attempt to interpret this132

variation, by simulating the effect of the electric field in133

thunderstorms using multiple simple models. The cor-134

responding increase and decrease of the rate variation135

in correlation with these models is reproduced and dis-136

cussed.137

II. THE TELESCOPE ARRAY DETECTOR138

The Telescope Array (TA) detector is located in the139

southwestern desert of the State of Utah about 1400 m140

above sea level. Currently it is the largest Ultra High En-141

ergy Cosmic Ray (UHECR) experiment in the Northern142

Hemisphere. The TA detector is comprised of Surface143

Detectors (SDs) surrounded by three Fluorescence De-144

tectors (FDs). The main goal of the TA detector is to145

explore the origin of UHECRs using their energy, com-146

position, and arrival direction. The FD, which operates147

on clear moonless nights (approximately 10% duty cy-148

cle) provides a measurement of the longitudinal profile of149

the Extensive Air Shower (EAS) induced by the primary150

UHECR, as well as a calorimetric estimate of the EAS151

energy. The SD part of the detector, with approximately152

100% duty cycle, provides shower footprint information153

including core location, lateral density profile, and tim-154

ing, which are used to reconstruct shower geometry and155

energy.156

The Surface Detector utilizes plastic scintillators to ob-157

serve the EAS footprint produced by primary cosmic ray158

interactions in the atmosphere. Plastic scintillators are159

sensitive to all charged particles. The Surface Detector160

array (SD) part of the TA experiment, is composed of161

507 scintillator detectors on a 1.2 km square grid cover-162

ing 700 km2 in area shown in Figure 1. Each surface de-163

tector houses two layers of plastic scintillator. Each layer164

of scintillator has an area of 3 m2 and a thickness of 1.2165

cm. Each plastic scintillator slab has grooves that has166

104 WaveLength-Shifting (WLS) fibers running through167

them collecting light into PMTs they are bundled and168

connected to. These scintillator layers are separated by169

a 1 mm stainless-steal plate. The scintillator layers and170

stainless-steal plate are housed in light tight, 1.5 mm171

thick box made of grounded stainless steel (top cover is172

1.5 mm thick, with a 1.2 mm thick bottom) under an173

additional 1.2 mm iron roof providing protection from174

extreme temperature variations [13].175

There are a total of three trigger data levels. Level-0,176

Level-1, and Level-2. Charged particles triggering a sin-177

gle counter (both the upper and the lower scintillators)178

with an energy above approximately 0.3 Minimum Ion-179

FIG. 1. top: The Telescope Array, consisting of 507 scintilla-
tor Surface Detectors (SDs) on a 1.2 km grid over a 700 km2

area. The SD scintillators are enclosed by three fluorescence
detectors shown in filled triangles together with their field of
view in solid lines. The northernmost fluorescence detector
is called Middle Drum while the southern fluorescence de-
tectors are referred to as Black Rock Mesa and Long Ridge.
The filled circle in the middle equally spaced from the three
fluorescence detectors is the Central Laser Facility used for
atmospheric monitoring and detector calibration. Bottom:
Schematic sketch of the upper and lower 1.2 cm thick plastic
scintillator layers inside the scintillator box, the 1 mm stain-
less steel plate, the 104 wavelength-shifting (WLS) fibers and
the photomultiplier tubes (PMTs). These items are enclosed
in a stainless steel box, 1.5 mm thick on top and 1.2 mm thick
on the bottom. [13].

izing Particle (MIP) (∼ 0.75 MeV) are stored in a mem-180

ory buffer on CPU board as Level-0 trigger data (trigger181

rate is approximately 750 Hz). Charged particles trig-182

gering the detector with an energy above approximately183

3 MIPs are stored as a level-1 trigger event (trigger rate184

is approximately 30 Hz).When three adjacent detectors185

trigger with an energy above 3 MIPs within 8 µseconds186

the data is saved as Level-2 trigger (trigger rate is ap-187

proximately 0.01 Hz). Level-2 trigger is the one used to188

study UHECRs and Level-0’s main goal is to monitor189

the health of the detector. In this work we are using the190
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rate of the detected particles every 10 minutes recorded191

by Level-0 trigger dominated by the single particles with192

primary energy ranging between ∼ 2 × 1010 − 1013 eV.193

The TASD is designed to detect the charged compo-194

nents (primarily electrons, positrons, and muons) of the195

Extensive Air Shower (EAS). The response of the detec-196

tor has been discussed in detail in [13, 14]. Mostly muons197

and electrons are detected above approximately 30 MeV.198

Below this, the total energy deposited by muons and elec-199

trons falls off rapidly; below 1 MeV there is no detectable200

energy deposit as the electrons fail to penetrate a signif-201

icant depth into the scintillator [14].202

III. OBSERVATIONS203

The Telescope Array detector has been in operation204

since 2008. Thunderstorms continuously pass on top of205

the Telescope Array detector. In this work, we searched206

for possible variation in the cosmic ray single count rate207

using Level-0 trigger in correlation with National Light-208

ning Detection Network (NLDN) activity. There are typ-209

ically about 750 NLDN recorded flashes (intra-cloud and210

cloud-to-ground) per year over the 700 km2 TASD ar-211

ray. Due to the large number of flashes only days with212

thunderstorms including a high recorded peak currents213

(>90 kA) are incorporated in the current search. For214

the level-0 trigger data collected between 2008-2011, sev-215

eral thunderstorms were observed to produce a variation216

in the cosmic ray single count rate, the variations were217

observed during lightning events and in correlation with218

thunderstorms in the absence of lightning.219

As an example, we chose an event observed on Septem-220

ber 27 2014 shown in Figure 2. In Figure 2, each frame221

lasts for ten minutes in duration. The time of the start of222

each frame is denoted on each frame in UTC. The color223

scale represents the change of the rate in Level-0 trig-224

ger of the current frame Nc from the ten minute frame225

right before it Np divided by Np (
Nc−Np

Np
) or (∆N/N).226

Lightning events reported by the NLDN locations are227

also added in each of the frames in Figure 2 and in the228

supporting information (SI1). Intra-Cloud in black and229

Cloud-to-Ground in grey. It is worth noting that three230

Terrestrial Gamma-ray Flashes (TGFs) were reported231

in [14] on this day. One of these TGFs was reported232

at 07:54:35 (during the first frame in Figure 2).233

One can see a movement of a deficit in the intensity234

variation ∆N/N for 30 minutes (from 7:50-8:20 in UTC)235

in correlation with lightning activity. In addition, an ex-236

cess was also found for 30 minutes (from 19:00-19:30 in237

UTC) in the intensity variation ∆N/N during which no238

lightning activity was reported by NLDN (supporting in-239

formation, (SI1)). These variations are both seen in cor-240

relation with lightning (using NLDN) and thunderstorms241

(using radar images) in addition or in the absence of light-242

ning (see supporting information videos (SI4, SI5)). The243

variations correlation with pressure is not available at the244

current time resolution at the ground level. However, the245

variations were found to be not correlated with tempera-246

ture changes at the ground level as shown in Figure 3 and247

in the supporting information in (SI2). The size of the248

variation ranged for this thunderstorm from 6 to 24 km249

in diameter on the ground. The variations were observed250

in excess and deficit modes over 10 minutes in durations251

mostly between ±(0.5-1)% and can reach up to 2% in252

magnitude.253

IV. CORSIKA SIMULATIONS254

The main goal of this simulation work is to quantify255

the electric field inside thunderstorms resulting in the ob-256

served variations in the single count rate by the TASD de-257

tector. To do this we need to learn the conversion of the258

observed (∆N/N) into the equivalent potential model.259

This is done by inserting the atmospheric electric field260

model into the CORSIKA simulations. Here the COR-261

SIKA package used in this simulation work is 7.6900 [15],262

where cosmic rays and their extensive air shower particles263

propagate through the atmosphere and through the im-264

plemented electric field model. Both the electromagnetic265

and the muonic components of the showers are traced266

through the atmosphere and the implemented electric267

field model until they reach the detector observational268

level (∼ 1400 m).269

As a start, two electric field models are used. Note that270

both models chosen are the simplest electric field models271

that allow us to reproduce the main observed (∆N/N)272

values. Both models use a uniform electric field layer.273

The first model uses a uniform electric field 2 km in-274

side the thundercloud that is located 2 km above ground275

level. The second model uses a uniform electric field be-276

tween the thundercloud base and the ground. Both mod-277

els are illustrated in the Supporting Information (SI3) in278

the supporting information. In this second model the279

thundercloud base is 2 km in height from the detector.280

While thunderstorms structures are known to be com-281

plex, both the thundercloud length and height from the282

ground used in this work are reasonably representative of283

thunderstorms at the Southwestern desert of Utah [14].284

Primary cosmic ray particles composed of protons were285

generated between 20 GeV -10 TeV. SIBYLL2.3c [16] is286

used for the high energy interaction ( > 80 GeV). While,287

GHEISHA [17], URQMD [18], and FLUKA [19] are used288

for the low energy model ( < 80 GeV). The zenith and az-289

imuth range from 0◦ ≤ θ ≤ 60◦ and 0◦ ≤ φ ≤ 360◦. The290

energy threshold of secondary particles were traced until291

they reach the following energies: 0.05 GeV for hadrons,292

0.5 GeV for muons, 0.001 GeV for electrons and 0.001293

GeV for gammas.294

The simulation was curried out first with no electric295

field for background. Second, by applying an electric field296

value that ranges between -2000 to +2000 V/cm (-200297

to +200 kV/m). Figure 4 shows the distribution of the298

electromagnetic (γ,e±) and muonic shower components299

( µ±) on the ground at 1400 m propagated through the300
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FIG. 2. Time evolution of the intensity variation of the single count rate change (
Nc−Np

Np
)% or (∆N/N)% on the 09/27/2014

thunderstorm. Each time frame is ten minutes in duration. The starting time in UTC is denoted on each frame. The black
and grey crosses marks are the Intra-Cloud and Cloud-to-Ground lightning sources detected by the NLDN for each frame. The
two yellow and pink stars point at the two detectors (1516 (denoted in pink) and 1015 (denoted in yellow)) plotted in Figure 3.

FIG. 3. Rate variation vs. time and temperature variation
vs. time for two detectors numbered (1516 and 1015). Here
1516 shows a deficit in the rate variation (-0.8%) and 1015
shows an excess in the rate variation (+1.3%).

atmosphere with electric field at ± 2000 V/cm and with-301

out an electric field from cloud to ground. The air shower302

particles (γ,e±, and µ±) are then propagated through the303

SD detector using an energy dependent response function304

derived from GEANT4 simulation of the surface detec-305

tor [14] and following the same trigger condition as the306

level-0 trigger. The dependence of (∆N/N) on the poten-307

tial inside the thunderstorms is shown in Figure 5 using308

both thunderstorm electric field models described in this309

section. Note that, the direction of the electric field fol-310

lows CORSIKA’s definition, where positive electric field311

direction is pointing upwards.312

V. DISCUSSION313

The simulation results shown in Figure 5 presents314

(∆N/N) vs. the potential difference (∆V ) for both in-315

vestigated electric field models. The first model included316

a uniform electric field inside a cloud (Intra-Cloud317

model ( (SI3) left)) with 2 km in thickness and two kilo-318

meters in height from the ground . This model produced319

both the excess and deficit observed in the variation in320

the cosmic ray single count rate. While we are unable321

to distinguish the type of triggering particle from plastic322

scintillators, simulations show that the deficit observed323

by the TASD is dominated by muons. In a negative elec-324

tric field, an average deficit using the low energy models325

(GHEISHA, URQMD, and FLUKA), is 0.75±0.28% ob-326

tained at −0.2 GV. In a positive electric field, an average327

deficit of 1.3+1.17
−1.38% is obtained at +0.2 GV. As shown328

in Figure 2 the deficit observed by the TASD is mostly329
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FIG. 4. The energy distributions of the muons and electro-
magnetic components of the EAS at 1400 m. The distribu-
tion of particles (e±, µ±, γ) included in this plot are without
electric field shown in dashed lines for the Cloud-to-Ground
model and with electric field of + 2000 V/cm (200 kV/m or
0.4GV/2 km) effect on (e±, µ±, γ) shown in thick solid lines
and − 2000 V/cm effect on (e±, µ±, γ) shown in thin solid
lines. Detector response is not included in this distribution.

between 0.5 and 1% and can go up to 2%. This observed330

deficit is reproduced around ± 0.2 GV, using this model.331

As the potential difference increases above 0.3 GV so332

does the variation in the cosmic ray single count rate333

turns from deficit to excess. The excess in the variation334

of ∆N/N strongly depends on the polarity of the electric335

field inside the thunderstorm in addition to the magni-336

tude of the electric field. Simulations show that while337

the deficit in muons is stronger with larger potential, an338

excess in the total number of particles observed by the339

TASD is expected as the variation of the soft compo-340

nents of the cosmic ray air shower dominates the total341

number of the observed particles. It also shows that the342

observed excess can be obtained depending on the low343

energy model and polarity. The TASD observed excess344

is mostly between 0.5 and 1% and can go up to 2%. In345

a negative electric field an average excess of 1.36+1.18
−0.44%346

is obtained at −0.4 GV. In the positive electric field, an347

average excess of 0.5−2% is obtained with a potential be-348

tween 0.3 and 0.4 GV. For the most part, the magnitude349

of ∆V needed to obtain the same observed variation is350

larger in the negative than in the positive electric field.351

This asymmetry is due to the fact that the number of352

electrons exceeds the number of positrons in the exten-353

sive air showers. This, in addition to the fact that, there354

are higher numbers of electrons with lower energies than355

positrons. Thus the effect of positive fields (accelerating356

electrons) is larger than the negative field (accelerating357

positrons) [6].358

The second model included a uniform electric field of359

2 km in length from the cloud to the ground (Cloud-360

to-Ground model ((SI3) right)). This model produced361

only the excess in the variation in cosmic ray air single362

count rate (for the simulation sets produced). As in the363

first model, the excess in the total number of particles364

observed by the TASD is expected as the variation of the365

soft components of the cosmic ray air shower dominates366

the total number of observed particles. In a negative367

electric field, an average excess of 1.40+0.4
−0.2% can be pro-368

duced by a potential difference of -0.2 GV. In a positive369

electric field, an excess of 0.5-2% can be produced by a370

potential difference of less than 0.2 GV. The excess at371

a potential difference of -0.4 and 0.4 GV is 20 and 40%372

consecutively (much larger than the maximum observed373

excess of 2%). Therefore, we conclude that any observed374

excess resulting from this model is reproduced close to ±375

0.2 GV in potential.376

It is important to note that, the interpretation of both377

models to the observations in the TASD single count vari-378

ations is based on the assumption that the duration of379

the electric field inside the thunderstorm matches that of380

the duration of the ten minutes recorded observations by381

the Level-0 filter. However, the duration of the electric382

field could, in principle, be shorter than 10 minutes and383

therefore we can assume that our current electric field384

interpretation is a lower limit value to the possible elec-385

tric field magnitude that is responsible for the single rate386

observed variations.387

VI. CONCLUSION388

Variation in the flux of secondary low-energy cosmic-389

ray counting rate in association with thunderstorms is re-390

ported in this work by the Telescope Array Surface Detec-391

tor (TASD). The surface detector utilizes plastic scintil-392

lators to observe the charged components (primarily elec-393

trons, positrons, and muons) of the cosmic ray air shower.394

The variation in secondary low-energy cosmic-ray count-395

ing rate magnitude mostly ranges between (0.5% and 1%)396

and can reach up to 2%, both in excess and deficit, with397

a size that range from 6-24 km in diameter. This is the398

first observation of the variation in the secondary cos-399

mic ray air showers covering 700 km2 in size. Due to the400

large size of the TASD detector, we can clearly state that401

the intensity variations in the single count rates observed402

move in the same direction as the thunderstorms for tens403

of minutes at a speed of ∼ 20 km/10 minutes. These vari-404

ations are both seen in correlation with lightning (using405

NLDN) and thunderstorms (using radar images) in the406

absence of lightning.407

To interpret the effect of the electric field inside thun-408

derstorms on the variation of the cosmic ray secondary409

shower flux, Monte Carlo simulations are performed with410

CORISKA. First, cosmic rays air showers are propa-411

gated in multiple electric field models, then the secondary412

shower particles (both soft and hard components of the413

shower) are propagated through the detector following414

the same trigger condition of the data used in this anal-415

ysis. The total number of particles is then recorded and416



7

FIG. 5. left: (∆N/N)% vs. ∆V , including statistical error, for a uniform electric field layer inside the cloud (Intra-Cloud
model) using the three low energy model GHEISHA, FLUKA, and URQMD. The model uses a uniform electric field 2 km
inside the thundercloud that is located 2 km above ground level. right: (∆N/N)% vs ∆V , including statistical error, for
a uniform electric field layer between the cloud and ground (Cloud-to-Ground model) using the three low energy model
GHEISHA, FLUKA, and URQMD. In this model the thundercloud base is 2 km in height from the detector .

compared to simulation sets with no electric field. This417

simplified models used reproduced both the excess and418

deficit observed in the variation in the cosmic ray air419

shower flux. The electric field magnitude found to repro-420

duce the observed intensity variations was approximately421

between 0.2-0.4 GV, depending on the electric field model422

used and the direction of the electric field. Compared to423

previous observations, the potential difference recorded424

by TASD is larger than the reported maximum potential425

in balloon sounding (0.13 GV) [12]. However, the largest426

potential difference observed by a cosmic ray detector,427

thus far, was reported by the Grapes-3 Muon Telescope,428

with a potential difference of 1 GV [11].429

In order to interpret the observations of ∆N/N by the430

TASD, more precisely, it is clear that we need to know431

the polarity of the thunderstorm. This could in principle432

be achieved by implementing an array of Electric Field433

Mills (EFMs) at the Telescope Array site. This will al-434

low us to better understand the polarity of the observed435

thunderstorms and therefore model them. Currently, an436

Electric Field Mill remote station has been installed ap-437

proximately in the middle of the Telescope Array site for438

testing. This will enable us to study the relation between439

SD observations and the development of thunderstorm’s440

electric field as it progresses on top of the Telescope Ar-441

ray detector.442
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VIII. SUPPLEMENTAL MATERIAL553
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FIG. 6. Supporting Information 1 (SI1): left: Time evolution of the intensity variation of the secondary low-energy

cosmic-ray counting rate change (
Nc−Np

Np
) or (∆N/N) on the 09/27/2014 thunderstorm shown in Figure 2. Right: NLDN

events peak current (kA) vs. time of the day in UTC. The blue line denotes the starting time for each frame on the left hand
side. The black and grey cross marks are the Intra-Cloud and Cloud-to-Ground lightning sources detected by the NLDN for
each frame.
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FIG. 7. Supporting Information 2 (SI2): left: Time evolution of the intensity variation of the secondary low-energy

cosmic-ray counting rate change (
Nc−Np

Np
) or (∆N/N) on the 09/27/2014 thunderstorm shown in Figure 2. Right: Temperature

variation at 1400 m (Tc − Tp) or (∆T ) for the same frames. Tc is the temperature in the current frame and Tp is the temperature
in the previous frame. The starting time is denoted on each frame. The black and grey crosses marks are the Intra-Cloud and
Cloud-to-Ground lightning sources detected by the NLDN for each frame.
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FIG. 8. Supporting Information 3 (SI3): An illustration of the models used in the simulation in this work is to quantify the
electric field inside thunderstorms resulting in the observed variations in the EAS by the TASD detector. left: The model using
a uniform electric field 2 km inside the thundercloud (Intra-Cloud model) that is located 2 km above ground level. right:
The model using a uniform electric field 2 km above ground level (Cloud-to-Ground model). The grey arrow represents the
direction of the positive electric field following CORSIKAs definition, where positive electric field direction is pointing upwards.
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Supporting Information 4 (SI4):554

https://youtu.be/608Jm8dujHc. Time evolution of555

the radar images for the 09/27/2014 thunderstorm556

from 06:25 - 08:55 including the Telescope Array lo-557

cation marked in red. The image was extracted from558

https://www2.mmm.ucar.edu/imagearchive/image559

Supporting Information 5 (SI5):560

https://youtu.be/V7yIh9wmM30. Time evolution561

of the radar images for the 09/27/2014 thunderstorm562

from 18:25 - 19:50 including the Telescope Array lo-563

cation marked in red. The image was extracted from564

https://www2.mmm.ucar.edu/imagearchive/image565
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FIG. 9. Supporting Information 6 (SI6):Top: Time evolution of the intensity variation of the radar images for the
09/27/2014 thunderstorm from 07:25 - 08:55 including the Telescope Array location marked in red. Bottom: Time evolution of
the intensity variation of the radar images for the 09/27/2014 thunderstorm from 18:25 - 19:55 including the Telescope Array
location marked in red.
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