Balloon-Borne Detector for Gamma-Neutron Spectroscopy of TGFs
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Instrumentation

Overview
HELEN is a high-altitude ballooning payload
network that is designed for multiple in-situ
measurements of Terrestrial Gamma-ray
Flashes (TGFs). The primary science
instrument of HELEN is a gamma-neutron
spectrometer capable of detecting and
discriminating between photons and
neutrons. The instrument was designed and
assembled by UAH students. Testing was
performed at the United States Army
Radiation Standards Laboratory.

Light produced by
the scintillator is
absorbed by a
photocathode,
which creates an
electron avalanche
that is output as a
current pulse from
the PhotoMultiplier
Tube (PMT). The
current pulse is
then transformed
into a voltage pulse
by the PMT socket.
The voltage pulses
then get fed into an
Analog to Digital
Converter (ADC)

Radiation interacts with the
scintillator crystal and creates
a pulse of visible light

The Raspberry Pi-based optical
camera captures 1080p video of
any visible lightning flashes
during the balloon flight

Particle Discrimination
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Data Processing

The Field Programmable Gate Array (FPGA)
processes pulses from the socket and records
pulse peak and tail data
Environmental
data
acquisition
boards record
critical
information
such as
temperature,
GPS location,
and altitude
throughout the
duration of the
balloon flight

The power distribution board
distributes power from the
batteries to each of the payload
components

The power supply is made of
rechargeable 18650 batteries that
allow for 9 hours of continuous
operation for flights

CLYC vs LYSO for Particle Discrimination
Pu-Be Comparison

Californium Comparison

Conclusions
The results from testing the HELEN
gamma-neutron spectrometer have shown
that the system is capable of particle
discrimination. The testing also found that
LYSO is not a viable neutron detector for
HELEN purposes. CLYC will be the
scintillator of choice for all future HELEN
missions due to its superior particle
discrimination capabilities. HELEN is
prepared for a Spring 2020 flight campaign.
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