


Lightning emits VLF signatures!

e Many processes known to emit in very low frequency (VLF)
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e Some processes produce TGFs
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Terrestrial gamma-ray flash (TGF) production and VLF

e Not all lightning processes produce TGFs
e VLF important for getting TGF context
e Lacking consistency of what will / won't produce TGFs
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Pierre Auger Observatory —
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e Sophisticated cosmic-ray detection array ' :;:-:-E-‘if ® s om0
e Useful also for TGF studies (w/ trigger i K
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TGF detections at Auger

e Events far above baseline and correlated to lightning activity
e TGFs can and have happened at Auger!
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Compact return strokes (CRSs)

e Winter storms, western Japan
e Short preceding discharges

e Geometry and waveform characteristics
e Peak current abs >150 kA

Wu et al. 2021
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TGF from strong CRS

Uchinada, 2021-12-18 22:41:58 UTC 4.59 km

e (Strong) compact return
stroke producing a TGF

e Shape and sequence as
expected
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Another CRS making a TGF

e High-altitude, mountainous terrain

LANL, 2023-05-21 18:20:49 UTC
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IC leader activity and TGFs

VLF pulses seen that indicate the occurrence of TGFs

e Slow pulse
e EIPs
e MEPs (maybe!)
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Event on 20150904 21:23:43.9102
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Slow pulses (cont)
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e Another example, mountaintop
observation
e Between IBPs

Chaffin et al. 2024

UG SANTR GRUL



Energetic intracloud pulse (EIP)

e Generated from existing (-) leaders
e Skywave confirms elevation
e EIP categorization based on context

-EIP on 2015/04/03 04:46:46 UTC
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Mountain-top energetic pulses (MEPs)
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MEPs? (cont.)

e Perhaps two MEPs, or other IC activity
e Most energetic IC event of the year in this region
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Pleiades event

e Winter, Japan coast
e Multi-pulse TGF
e Rich example of different processes
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Pleiades event (cont.)

e Seven-pulse TGF
e Large separation distance between initial and subsequent pulses
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Pleiades event (cont.)

e Initial pulse likely CRS g : :
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Pleiades event (cont.)

e Subsequent pulses likely IC activity
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Pleiades event conclusions

e Able to align gamma emission with VLF signals
e Classification of TGF pulses with lightning processes
e Location insight possible with more VLF stations!
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VLF localization capability
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Liu et al. 2024
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VLF and VHF VHF and slower processes

Line-of-sight and distance considerations
Fine scale localization
e Larger current movement

NBE-initiated IC leader on 2017/10/24 00:59:26 (UTC)
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VLF array at Auger s g S —

Dynamic range (channel sensitivity) o[RS
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Thank you!
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