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ELF/VLF Monitoring of the Hayabusa-2 Sample Return, 2020
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Keay (1980) proposed that anomalotisound” upon display of a very bright meteor (fireball) will be caused by the elec-
trophonic hearing of strong ELF/VLF radio noise apparently coming from the fireball appearing in the upper atmosphere.
He also proposed that anomalous hearing reported upon re-entry of spacecraft will be caused also by ELF/VLF radio noise
of the descending spacecraft. No observational evidence of the radio emission was reported yet for the several re-entries of
spacecraft. We planned this observational project to detect the ELF/VLF radio emission and associated anomalous sound
for the re-entry of the Hayabusa-2 return capsule, taking place in the southern part of Australia on 6 December 2020 (JST).
A loop antenna with a set of ELF/VLF amplifiers, a digital audio recorder (TASCAM DR-70D, 48000 samplings per sec),
and a GPS time signal generator was used. The actual observation was performed by members of JAXA's Hayabusa-2 team.
The environmental ELF/VLF noise was successfully recorded for about 1 hour includingfitedall phase” of the capsule
return, taking place in the interval of 02:28 - 02:29 (JST) at an altitude approximately ranged from 100 to 40 km. The linear
distance of the return capsule from the observational site was ranged from 400 km to 60 km in this phase.

Several examples of weak radio bursts with a typical duration of 10 msec having a relatively flat spectrum were found in the
fireball phase. The waveform and the frequency spectrum of an example are shown in Fig. 1. These radio bursts also showed
a very weak dispersive nature. These characteristics suggest that the radio bursts were originated near the observational site,
in a range of 100 - 200 km. Strong electric discharges of the highly charged capsule and turbulent slipstream of the ionized
ablated gas formed in the fireball phase are suggested to generate observed ELF/VLF radio bursts.

Keay, C. S. L., Anomalous sounds from the entry of meteor fireballs. Science, 210, p 11, 1980.

Fig. 1: An ELF/VLF burst observed at 02:56 (JST) in the fire-ball phase of the Hayabusa-2 return capsule (indicated by a
red box in the left-hand panel), and the spectrum of the burst (right-hand panel).
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