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Background: lightning observed with high-speed optical video

Lightning is a large-scale natural
atmospheric electric discharge.

Optical light created by current
flow (joule heating) in lightning
leaders.

Lightning leaders propagate at
speeds of 10°to 10 m/s.

Lightning initiates inside clouds.




Background: lightning interferometry with sparse

Sparse (3-antenna) array with 100-meter
baselines.

Broadband (~80 MHz), digitizing each time-
domain signal at 180 MHz, 16 bits.

Developed by New Mexico Tech.

arrays




Background: lightning mapping with sparse arrays




s | Background: lightning initiation with sparse arrays
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* Lightning initiated by fast (>10” m/s) electrical breakdown.

53

52 |
51 |
50 |
49
48
47 |

46

Fast positive breakdown

11-88 MHz . . |15
o : . e "*.
O'LE}E:;} DD%&U%D.-’.:-"-I' ., ] 10
o % ~
|
15 =
b
W
10 <
3 kHz - 20 MHz] ™
= 1 = 10
10 20 30 40 50
Time (us)

Rison et al., 2016, Nature Communications

Altitude (km)

145+

142+

13.8

13.5¢

13.2

12.8 +

Fast negative breakdown

AE (V/m)

0 20 40 60 80
Time (us)

Tilles et al., 2019, Nature Communications



‘ Comparing sparse (3-antenna) array with the LWA-SV

3 antenna array - 3 baselines
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Comparing sparse (3-antenna) images with the LWA-SV

* 3 antennas, 80 MHz « 3 antennas, 80 MHz * 32 antennas, 80 MHz
* 1 point source * 2 point sources * 2 point sources
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s | Locating lightning centroids with the LWA-SV

* Can locate >1 centroid per “observation” (i.e.,

image)

1 ms exposure image
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Example storm — July 6, 2021, 3:00-4:30 UTC (21:00-22:30 MD
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‘ Example lightning flash A — July 6, 2021
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2021-07-06 03:14:27.937200 UT, centroid El vs. time, colored by power
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‘ Example lightning flash B — July 6, 2021

2021-07-06 03:48:47.481240 UT, centroid El vs. time, colored by power
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2 ‘ Time domain manipulations — waveforms

Frequency domain
(one 40 ps observation)
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two 20 us observations
Time domain manipulations — imag

one 40 us observation
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4 1 1ds imaging with 4 MHz bandwidth, 238 antennas (28,203
baselines)
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‘ Lightning initiation at 1us
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Lightning initiation at 1us
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Lightning initiation at 1us
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(i.e., ~3.5 km above LWA-SV) 2> Az = 20

—

=~
13

5

N\
N
- ]
I :
~N
=
3
\
]
1
|
L

zZ,=8.5km 5 70]
65° %&
61°

57¢ S 0.
------------ LWA- ]

I\ J
v SV 50

d=4.7 km

(=]

F-’

HP-}“‘

"--.---'lﬁg

4, *
»* .
i
[ ]
h" -
. )
50000 100000 150000 200000 250000
Time (us)

2021-07-06 03:14:27.937200 UT, centroid El vs. time, colored by power
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Conclusions

LWA-SV lightning imaging demo at 1 pys resolution using <1/10t" the available bandwidth.

LWA-SV resolves extended-source lightning emissions not previously possible with
sparse arrays.

LWA-SV resolves tens of thousands of RF sources during ~5 ms during/after lightning
initiation.

LWA-SV observations suggests large (>1 km) lightning initiation region.

High-fidelity images of lightning initiation to come...
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