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[1] DEMETER spacecraft detects short bursts of lightning-
induced electron precipitation (LEP) simultaneously with
newly-injected upgoing whistlers, and sometimes also with
once-reflected (from conjugate hemisphere) whistlers. For
the first time causative lightning discharges are definitively
geo-located for some LEP bursts aboard a satellite. The LEP
bursts occur within <1 s of the causative lightning and
consist of 100—300 keV electrons. First in-situ observations
of large regions of enhanced background precipitation are
presented. The regions are apparently produced and
maintained by high rate of lightning within a localized
thunderstorm. Citation: Inan, U. S., D. Piddyachiy, W. B.
Peter, J. A. Sauvaud, and M. Parrot (2007), DEMETER satellite
observations of lightning-induced electron precipitation, Geophys.
Res. Lett., 34, 107103, doi:10.1029/2006GL029238.

1. Introduction

[2] Cyclotron-resonant loss of trapped electrons via scat-
tering by lightning-generated whistler waves was indirectly
evidenced as whistler-associated perturbations of subiono-
spheric VLF signals [Helliwell et al., 1973], and directly
detected [Voss et al., 1984] as LEP bursts (a multiplicity of
successive pulses), in association with ducted whistlers.
Based on interpretation [[/nan et al., 1985] of slow risetimes
of VLF transmitter-induced precipitation pulses [/mhof et
al., 1983] multiple subsequent pulses were recognized to be
due to atmospheric backscatter and mirroring [/nan et al.,
1989; Voss et al., 1998].

[3] DEMETER observations constitute the first simulta-
neous in-situ detection of LEP bursts and whistler waves
allowing direct comparison with theoretical model predic-
tions (e.g., input wave power density versus resultant
precipitation fluxes). Theoretical modeling indicates that
LEP may be the dominant loss process at L < 2.5 [Abel
and Thorne, 1998], and calibration of model results with
DEMETER data can thus help better quantify the role of
LEP in radiation belt loss. DEMETER data also provide us
with the first evidence of large enhanced background LEP
regions maintained by the high rate of flashes in a given
thunderstorm.

[4] Detailed analysis [Inan et al., 1989] revealed that
(1) LEP flux-energy-time signature is consistent with pitch
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angle () scattering by whistlers, (ii) peak fluxes are small
(~5 x 10> —10° el/cm?/s/sr), (iii) electrons are moved from
just above the loss-cone edge to below it, with Aaypna, < 1°,
and (iv) electrons precipitate at near-grazing angles, with
substantial atmospheric backscatter [Voss et al., 1998].

[5] In view of (iii) and (iv) electron detectors with typical
large viewing angles (30° for DEMETER), either miss
(viewing deep in the loss cone) newly scattered LEP
electrons or observe them on top of large near loss-cone-
edge flux (viewing vicinity of loss cone). LEP events may
thus be more readily visible at European longitudes just east
of the South Atlantic Anomaly (SAA), with the much lower
background. In view of (ii) LEP bursts are not observable
with most detectors with small (e.g., 0.01 cm? sr for NOAA
POES) geometric factors designed for auroral fluxes.

[6] Ionospheric effects of LEP are observed (via subiono-
spheric VLF) with steadily increasing accuracy and cover-
age, including identification of LEP due to nonducted
whistlers [Lauben et al., 2001, and references therein],
precipitating electrons from large sectors (ground-footprints
of 1000 km) of the radiation belts [Clilverd et al., 2004;
Peter and Inan, 2004], with many tens of LEP bursts per
hour in localized thunderstorms [Peter and Inan, 2004].

2. Description of Experiment

[7] DEMETER is in a 700 km altitude 98.3° inclination
orbit [Parrot, 2006]. We use data from the Electric Field
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Figure 1. Ground-tracks (mapped along the field lines) of
DEMETER passes for which burst mode data were
available and analyzed. LEP events are shown by red dots.
L-shell contours at ground level are shown for reference.
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