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The Telescope Array Surface Detector (TASD) in western Utah is designed for the measurement of Ultra-High-Energy Cosmic Rays (UHECRs) with characteristically low flux. During
its ten years of operation, however, TASD recorded at least 24 bursts of gamma-ray showers,
each consisting of two or more TASD events within a single millisecond of lightning activity.
After implementation of specialized lightning detectors, the bursts were further correlated with
lightning leaders preceding each stroke. We conclude that these bursts are downward Terrestrial
Gamma Flashes (TGFs), similar to those observed by satellite. These data constitute the majority
of all data on such events recorded from the ground. We are recreating observations using Geant4
simulations to better understand the properties of downward TGFs and the acceptance statistics
of TASD. Acceleration mechanisms, for example, are poorly understood. Spectra from models
such as Relativistic Runaway Electron Avalanche (RREA) and Fast Negative Breakdown (FNB)
are used to generate a detector response to replicate empirical properties, especially the unique
waveform timing and footprints seen at TASD. This also helps characterize the TASD acceptance
and aperture for TGFs in a manner similar to cosmic ray studies.
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1. Discussion
Terrestrial Gamma Flashes were discovered in 1994 by the orbiting BATSE experiment [1]
as a short, intense burst of gamma radiation. Since then, the phenomenon has been studied and
identified as originating from the initial, upward breakdown in lightning discharges [2]. Until
recently, only a few of these events had been seen from the ground [3] [4] [5], apparently due to
the downward analog.

Unlike other specialized lightning/TGF experiments, TASDs use plastic scintillators which
give much better timing resolution ('40 ns) than the typical NaI detectors. In 2018, TA recieved
another lightning upgrade to maximize its advantage; a broadband interferometer (INTF) [9] was
installed with much better spatial and temporal resolution than the LMA. Figure 2 Shows an example of INTF data taken during a cloud-to-ground lightning strike.
Results of this state-of-the-art instrumentation upgrade will be presented at this conference.

Figure 1: Top: LMA data points recreating a '0.4-second lightning strike. Green line represents TASD
activity, red line shows the main ground stroke. Bottom: Energy deposit in a single detector below lightning
activity (1 MeV of deposited energy ' 18 ADC counts).
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Despite its low lightning frequency, the Telescope Array in western Utah has captured several of these events in the last few years with the addition of some specialized lightning instruments. In 2013, the upgrade began with the Lightning Mapping Array (LMA) [6] to recreate threediemnsional lightning activity above the array, as well as several sferic sensors to record electric
field changes. These led to new observations about the nature of TGF production in the leader
phase of lightning development [7] [8] (see Figure 1).
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Figure 2: Space-domain plot of INTF data points during the first 11 ms of a lightning strike over Telescope
Array.

