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Visible spectrum of a negative cloud-to-ground flash.
Captured using a Nikon D700 camera.
Image courtesy of co-author Tom Warner.
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1. Lightning

e Common phenomenon
1.4 billion (107)
flashes/year

44 + 5 flashes/second
(Christian et al., 2003).

1. How is lightning initiated ?

https://www.youtube.com/watch?v=3P-vD0O1vvJs



https://www.youtube.com/watch?v=3P-vD01vvJs

e Transient Luminous Events (TLEs)
such as red Sprites, halos, blue

starters, blue jets, gigantic jets

and Elves.
e Terrestrial Gamma Ray Flashes
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2. Lightning spectroscopy

Leader 15t Return stroke After return stroke A high-speed
camera

A lightning flash = many lightning strokes

e Chemical signature

777 nm

e Determination of:
—> T
* Ne

° P ..

500 nm

¢
E




2. Lightning spectroscopy
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3. Lightning spectroscopy =2 Return stroke
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Time resolved spectra of a laboratory discharge (Kieu et al., 2021)



3. Lightning spectroscopy =2 Return stroke

(b) Temperature estimation
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3. Lightning spectroscopy =2 Return stroke

(c) Electron density derived from the full width half area (FWHA) of the H alpha emission:
Energy term diagran for the linear Stark effect
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3. Lightning spectroscopy =2 Laboratory like-lightning discharges
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Dynamics of the time resolved spectra of a laboratory discharge (Kieu et al., 2020, 2021)
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3. Lightning spectroscopy =2 Laboratory like-lightning discharges
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4. Lightning spectroscopy -2 lightning related phenomena

Terrestrial Gamma-ray flashes (TGFs) are energetic Gamma bursts.
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4. Lightning spectroscopy =2 lightning related phenomena

Terrestrial Gamma-ray flashes (TGFs) are energetic Gamma bursts.
> 1 MeV, duration > 1 us

X-ray or gamma-ray emissions

(Abbasi et al., 2025)
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4. Lightning spectroscopy -2 lightning related phenomena

Telescope Array Surface Detectors (TASDs) is located just to the west of Delta, Utah, USA.

It primarily designed to detect ultra-high energy cosmic rays, , includes 507 detectors, covering an area of 700 km?.

a) The layout of our facilities b) The spectroscopic system

c) A high speed camera



4. Lightning spectroscopy -2 lightning related phenomena

Telescope Array Surface Detectors (TASDs) is located just to the west of Delta, Utah, USA.

It primarily designed to detect ultra-high energy cosmic rays, , includes 507 detectors, covering an area of 700 km?.
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a) The layout of our facilities Surface detector

d) Other lightning detectors



4. Lightning spectroscopy =2 lightning related phenomena

On September 11, 2021, the high-speed camera recorded optical components

during the leader phase of 6 downward TGFs at the TASD site.
https://www.youtube.com/watch?v=gn08I069iGA

40 kfps
25 us

Leaders without TGF production

https://www.youtube.com/watch?v=INAHilAsFLo
(Abbasi et al., 2025) 16
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Summary

Spectroscopy is a powerful tool in lightning researc

e For lightning return strokes:

e chemical identification

e physical quantification (e.g., temperature, Leader Return stroke

electron density, pressure, conductivity).
e For related phenomena (e.g., TGFs):

e optical emissions




5. Lightning initiation

September 11, 2021 at the TASD
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5. Lightning initiation
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INTF elevation (deg)

5. Lightning initiation
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6. Spaced-base observation

ALOFT was a collaboration between NASA and the University of Bergen that flew

the ER-2 aircraft over tropical thunderstorms

U

O TGF production mechanism

O The relationship between TGFs

and gamma glow . BIRKELAND CENTRE F:;

“@® FOR SPACE SCIENCE Q

https://www.nature.com/articles/s41586-024-07936-6
https://www.nature.com/articles/s41586-024-07893-0
https://www.nature.com/articles/d41586-024-03032-x



6. Spaced-base observation

v [X] NASA nghien ciru tia gamn D X+
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NASA nghién ctru tia gamma siéu nang
luong bang "may bay cam tu"

@ ANH V0 - Thi hai, 21/08/2023 11:05 (GMT+7)

Theo doi Bao Lao Béng trén Google News
NASA vira tién hanh mat nghién ctru day thach thirc, sir dung chiéc may bay
do tham U-2 da duoc stra doi dé bay thang vao may giéng nham nghién ctru
tia gamma siéu nang lugng.
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