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Theoretical criterion of charge moment change by lightning for initiation of sprites

# Yasutaka Hiraki[1]; Hiroshi Fukunishi[1]
[1] Dept. of Geophysics, Tohoku Univ.

Sprites appearing at altitudes of 40-90 km are known as one of secondary discharges induced by lightning. From the analys
of VLF/ELF electromagnetic pulses radiated by lightning, it has been suggested that the charge moment change is a good ind¢
for the initiation of sprites, or the intensity of the produced electric field. However, the observed lowest value ("100 C km) seems
to be much smaller than that given by numerical simulation. Furthermore, although it is suggested that the field intensity depend
on the timescales of charge removal and relaxation by space charges along with charge moment, the criterion for sprite initiatio
and its correspondence to observation has not been understood systematically. In this paper, we investigate the minimum valu
of charge moment by conducting a classical electrostatic model simulation.

Results show that the discharge time (hereafigiis an essential parameter that determines the criterion for sprite initiation
along with the charge moment (hereafté). Sprites can be initiated under smédl as several hundreds of Coulomb kilometers
if t4 is sufficiently short as hundreds of microseconds, whereas they cannot be done even with one thousand Coulomb kilomete
if tyis in the order of milliseconds. We generalize the criterion as an analytical expression of two internal fdctordt,;,
based on a simple electrostatic consideration. We argue that the chiticalue is not allowed to be as small as 100 C km
because of a fast relaxation of electric field by space charges in thetfimifectual lightning; the values d#f .. are actually as
large as "400-600 C km. The values estimated from observation are almost explainable with this understanding. We also propo
that sprites are roughly classified into three types, a halo and a cluster of streamers with or without halo, using the two paramete
of M andt,.
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