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Summary
Firefly-on-Demand (FOD) is a low-risk payload that
uses a unique combination of previously
demonstrated instrument technologies to answer
new science questions. FODʼs main goal is to
further probe the mechanisms by which Terrestrial
Gamma-ray Flashes (TGFs) are produced by
lightning. This information will strongly constrain
the processes that accelerate electrons to ~35
MeV above thunderstorms -- these electrons are
thought to be the source of TGFs, and may
themselves propagate to high altitudes, serving as
a source for the inner radiation belt. The study will
also enable a better understanding of other
lightning processes and thus may enhance the
understanding of how lightning forms and how to
use satellite data to monitor and predict lightning
occurrence.
FOD is intended to be permanently or semipermanently mounted on a human-tended
suborbital platform (HTSP) such that it can be
launched “on demand”. If permanently mounted to
the platform, FOD can make impromptu
measurements when the HTSP is flown for other
experiments or commercially. The HTSP will allow
a short lead-time to actual flight that enables an
on-demand capability. The frequency of flights is
anticipated to be much higher than that of
sounding rockets with measurements of similar
durations and for a competitive cost. This will
enable FOD to build a catalogue of events that can
be used to correlate lightning characteristics to the
severity of the storm. The gamma-rays produced at
stratospheric altitudes are readily observable from
suborbital platforms at altitudes of ~60 - >100 km.
Indeed, this altitude range represents a new
measurement opportunity – inaccessible to orbital
satellites or balloons. Routine flights of a large,
recoverable payload with large onboard storage,
targeted near the location of active thunderstorms
are new aspects of the FOD concept, and which
make it a perfect match for the HTSP.
The FOD is comprised of a Gamma-ray Detector
(GRD) and a Wave Receiver (VLF-HF) and
Photometer experiment (WP). GRD will measure
the X-ray and gamma-ray photons associated with

TGFs between 10 keV and 50 MeV, and up-going
energetic electrons from 100 keV to a few MeV.
The WP is a single instrument with multiple
sensors that will determine the association of TGFs
with lightning by measuring the optical and radio
signatures of the lightning.
Introduction
The fundamental science objective of the FOD
concept is to answer the following key question:
What are the details of the production
mechanism for TGFs and the associated
energetic electrons?
To answer this question, FOD will combine
simultaneous measurements of: a) gamma rays
produced in association with lightning, b) the
optical signature of the lightning flash, and c) the
radio waves radiated by the lightning.
TGFs are of inherent interest because they result
from the most powerful natural particle acceleration
process on Earth, in which thermal electrons are
energized to tens of MeV in less than one
millisecond. These energized electrons create
copious bremsstrahlung gamma- and X-rays that
can be observed from orbiting platforms, and the
electrons
themselves
may
escape
to
magnetospheric altitudes and populate the inner
electron radiation belt. In addition, the gamma rays
themselves can create new energetic electron
populations at high altitudes by pair production and
Compton scattering processes, a fact recently
discovered by analysis of CGRO data. FOD will
perform the most sensitive investigation of weak
TGFs by leveraging the observations of optical and
VLF signatures of lightning to discriminate real
gamma-ray flux enhancements from statistical
fluctuations.
The electron acceleration that results in TGFs may
be a ubiquitous and fundamental process of
Earthʼs atmosphere. By studying the TGF
phenomena and the acceleration processes
responsible for them on Earth, we can learn
fundamental physics helpful in understanding other
regimes of electron acceleration.

