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Abstract: Microwave radiation from extensive air showers is expected to provide a new technique for us to observe
ultra high energy cosmic rays. We developed a radio telescope system consisting of three parabolic antennas in Ku- and
C-band, RF electronics, a DAQ system coincidentally operated with an air shower array at Osaka City University. The air
shower array consists of nine 0.5 m2 plastic scintillation detectors with about 10 m separation. We operate this system
and survey microwave radiation on the forward direction of air showers with energies above 1014 eV. Here we report our
detection system and experimental results.
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1 Introduction

A window for the particle astronomy with detections of ul-
tra high energy (> 1019 eV) cosmic rays (UHECRs) and
high energy (> 1016 eV) neutrinos is recently opening with
large detectors, such as the Telescope Array (TA) experi-
ment [1] [2] operated in the north America and as Pierre
Auger Observatory(PAO) [3] in the south America, and the
IceCube experiment [4] at the south pole. The size of UHE-
CR detectors is quite large, for example the TA surface de-
tector array has a detection area of about 700 km2, because
of the very small amount of fluxes of UHECRs.
Nevertheless, the number of events at the highest energy
is an order of unity, and then the statistics is not enough.
For a sufficient statistics, for example 1000 events per year
at the highest energy, we need a detector with the area of
about 105 km2. When we measure UHECRs with such
a huge detector, we expect many outcomes to extend our
knowledge about the high energy universe.
A detector taking a major role in particle astronomy should
have a potential to distinguish and to identify type of pri-
mary particles, such as neutrinos, gamma rays, protons and
nuclei. Moreover, these detectors should be a calorimeter
to estimate primary energies independently of interaction
models and of the primary composition. At present, the
only established calorimetric method is atmospheric fluo-
rescence technique employed in many experiments, such
as HiRes [5], TA and PAO. This technique is very power-

ful, but it is disadvantageous in that duty factor is limited
up to about 10 % and in that the site location is limited in a
desert climate and far from town.
In order to develop a new generation of UHECR detectors
with several orders of magnitude bigger target volume the
most actively studied and most promised method is related
to techniques at wavelengths of radio wave band. Radia-
tions in some specific frequency bands have a better trans-
mittance and a longer mean free path in the air than visible
light and charged particles.
Here we report our research into detections of microwave
radiations in GHz band. The method of shower detection-
s in this band has some remarkable feature, for example,
a small expected angular resolution which reaches about
one degree using relatively small detectors, and negligibly
small atmospheric attenuation of radiation.
Thus, an radio telescope array, which have a sufficient an-
gular resolution and point to different direction each other,
makes possible to image air shows as well as fluorescence
detectors (FDs). Furthermore, since operations of the array
are unaffected by weather and day or night, we can expect
calorimetric measurements with 100 % duty factor.
Moreover, antennas and electronics of receivers for satellite
broadcasting and communications are commercially avail-
able for the radio telescope array. Thus, the parts of the
array can be light-weight, easy to maintain and low costs.
In addition, since the array does not need to be located in a
remote area such as desert or Antarctica, it can be installed
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in a city with well-improved infrastructures such as trans-
port, communication and electric power facilities. These
merits provide cost-reduction for productions and deploy-
ments of the array, and then we expect to produce more
detectors, to spread wider area, and as a result, to achieve
better cost-effectiveness than a FD array.
Emissions of Molecular Bremsstrahlung Radiation (MBR)
in weakly ionized plasma evolved in air shower trails are
predicted as a result of interactions between free electrons
and atmospheric molecules. MBR can be treated classi-
cally as a result of thermal processes of electrons of less
than 10 eV kinetic energies, which directions and velocity
distribution are assumed to be isotropic and Maxwellian,
respectively. From this treatment MBR are expected to
be isotropic, axisymmetrical from a shower axis and un-
polarized radiations. Thus, the geometry of a shower and
its longitudinal development can be estimated with the re-
constructions from images and arrival timing of radiations,
and also we can make calorimetric estimations of the total
amount of the energy deposit in the air.
Here we estimate a signal duration time. MBR continues
for the thermalization time of electrons, tth, after passing
a shower front. The time tth depends on the probabilities
of the elastic and the inelastic collision between free elec-
trons and atmospheric molecules, and it is about 10 ns in
dry air of 1 atm. Therefore, the signal duration time on a
receiver is almost equivalent a transit time of the shower
front through the receiver’s field of view. If we use a 1.8
m diameter parabolic antenna for 4 GHz, the typical signal
duration is several μs. The pioneering research and devel-
opment of MBR from air shows by AMBER collaboration
[6] [7] showed a large potential of this method and stimu-
lated further R & D by many institutions all over the world,
such as MIDAS, CROME, EASIER, etc.[8].

2 Experimental Setup

Our microwave radio telescope system for this study con-
sists of parabolic antennas with LNBF(Low Noise Block
with Feed horn) for Ku- and C-band, power sensors , a digi-
tal multimeter, a digital oscilloscope and a PC for DAQ. An
air shower array is coincidentally operated with the tele-
scopes, which consists of nine 0.5 m2 scintillation detec-
tors. A block diagram of the experimental setup is shown
in Figure 1.
We have two Ku-band antennas with LNBF which is CB-
S45AST by Nippon Antenna, which has 45 cm diameter,
the received frequency of 11.7-12.75 GHz and the convert-
er output frequency of 1032-2072 MHz. Moreover, one
C-band antennas is R120PA-C by Ward, Inc., which has
120 cm diameter, and LNBF for the dish is ZCF-D21B by
Ward, Inc. with the received frequency of 3.4-4.2 GHz and
the converter output frequency of 950-1750 MHz.
Output of each LNBF is connected to the power sensor that
converts RF signals to DC signals through a bias-tee mod-
ule. Our power sensor is ZX47-60-S+ by Mini-Circuits lab-

oratory, Inc., and the bias-tee is ZX85-12G-S+ by the same
company.
In order to check the equipment and to measure the field
of view of the telescope we firstly observed DC radiation
from the Sun. In this measurement we used the digital mul-
timeter (Model 2000 by Keithley, Inc.) to measure and to
record DC output of the sensor.
In order to detect microwave signals coincident with air
showers for confirmation and study of MBR from air show-
ers we operated the radio telescopes with the air shower ar-
ray. In this experiment output of the sensors are recorded
with a digital oscilloscope (TDS 3032 by Tektronix, Inc.)
triggered by the air shower array. The air shower array is
located in Osaka City University, on the roof of the build-
ing for the Faculty of Science. The array consists of nine
surface scintillation detectors of 0.5 m2 area. The detec-
tors were arranged in three rows, and the spacing of the
detectors are about 7 m to north-south and about 10 m to
east-west directions. The total effective area of the array is
about 294 m2. All the detectors are calibrated to be a same
hit rate of about 200 Hz. This array makes a trigger by the
four fold coincidence of the detectors at the corner of the
arraignment.
In addition to air shower measurement, as a control experi-
ment we operate the telescopes with a random trigger made
by a function generator (SG-4211 by IWATSU ELECTRIC
Co.,ltd).

3 Experimental Result

We operate our system in a wide variety of condition and
arrangement, for example, the telescopes in different pairs,
which are located at different points around the array, and
they are pointed in different directions. The details of the
operations and results will be presented in the conference.
Moreover, we are now constructing multi-radio telescope
array in Konan University, and we have a plan to observe
electron beams from the linear accelerator installed at the
TA site and to operate radio telescopes coincidentally with
TA fluorescence detectors. We will also report the progress
situation in the conference.
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Figure 1: The block diagram of the experimental setup.
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