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Abstract: Microwave emission from Extensive Air Showers through Molecular Bremsstrahlung Radiation

(MBR) is one of the potential methods to observe UHECR. Since microwave observation does not depend on

neither weather nor daylight, it is attractive for the future observation of the UHECR. Aiming to the detection

of the microwave emission, we have developed three experiments utilizing commercial satellite antennas. One

experiment uses 12 parabola antennas on a university building so that the images of the airshowers can be

detected. Second one is a parabola antenna in a scintillator array. The scintillator array is observing airshowers

with energy of around 10 to 14 eV and sending trigger signal to the parabola antenna. Third one observe electron

beams emitted by an Electron Linear Source (ELS) in the Telescope Array Observatory. The electron beam can

be considered as an artificial airshowers with energy of about 10 to 18 eV. A 1.2 m parabola antenna is located

80 m from the ELS. The detail and the status of these experiment will be reported.
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1 Introduction

Recent results from the Pierre Auger Observatory and the
Telescope Array Observatory revealed nature of the Ultra-
High-Energy Cosmic Rays (UHECRs) [1, 2]. Flux of the
UHECR decreases rapidly above 1020 eV [3]. This spec-
trum suppression is consistent with the expectation from
the effect of the interaction with the Cosmic Microwave
Background during its propagation in the intergalactic s-
pace. Also it turned out the distribution of the arrival direc-
tions of UHECRs is quite uniform. No strong point source
of UHECRs above 1019 can be seen in the sky [4]. Chem-
ical composition of the UHECR seems to vary depending
its energy [5]. Cosmic rays around 1019eV seems to be
lighter element such as proton. The composition tend to be
heaver above 1019.5 eV although it is still arguable.

In spite of these observations, the origin of the UHE-
CR is still unknown. It is desirable to develop a nov-
el technique to measure UHECRs with larger observa-
tion area, higher accuracy, and lower cost. Molecular
Bremsstrahlung Radiation (MBR) from the air-shower is
one of the idea for the future observation of the UHE-
CR [6]. The extensive air-shower is expected to emit mi-
crowave radiation via MBR along its axis just like fluores-
cence light. The emission region moves with the speed of
light and the length of the emission region is about 1.5 m
assuming the decay time of the radiation is ∼5 ns. These
characteristics of the MBR are similar to that of fluores-
cence emission. In addition to this, the microwave from the
MBR does not attenuate in the atmosphere and observation
is not affected by neither weather nor brightness from the
sun or the moon. On top of these advantages, costs for the
equipments of the microwave measurements is relatively
low because of the commercial production for the satellite

Fig. 1: The 12 parabola antenna system. Diameter of these

parabola is 1.2 m and a feedhorn which measures horizon-

tal and vertical polarization of the 12 GHz microwave are

mounted on the focal point of each parabola. These system

is located on a university building.

TV and wireless communications. Therefore observation
of the MBR is one of the possibility for the future observa-
tion of the UHECR.

Question is, however, the intensity of this radiation. Es-
timation of the intensity based on a computer simulation
is not simple due to the complicated emission mechanism.
To detect and to measure intensity of the MBR signal, we
are developing three observation systems. One experimen-
t uses 12 parabola antennas to measure microwave image
of the air-shower. Second experiment is a parabola anten-
na in a scintillator array. The air showers are detected by
the scintillator array and reconstructed by a online analy-
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Fig. 2: An example of an event detected by the 12 parabola-antenna system. The parabolas are arranged as 3 in vertically

times 4 in horizontally as shown. Field of view of each parabola is 1.5 degrees. Each parabola has two channels to measure

horizontal and vertical polarizations. This event is considered as noise from nearby city because all signal come at the

same time.

sis. The mode energy of this array is about 1014 eV. Us-
ing events in the field of view of the antenna are selected
and the intensity of the microwave radiation is estimated.
Third one uses a ELS. The ELS makes artificial air show-
ers in the atmosphere. A parabola antenna is located near
the ELS to measure the microwave radiation from the ar-
tificial air shower. In this contribution, we report status of
these experiments.

2 Experiments

2.1 12 Parabola antenna system

To detect MBR signal, we are developing a 12 parabola-
antenna system on a university building (Fig.1). This sys-
tem is designed to observe microwave images of the air-
shower so that the signal can be discriminated from back-
ground noises just like fluorescence telescopes. Diameter
of the parabola is 1.2 m with a gain of 42.1 dB and a s-
ingle receiver is mounted on the focal point. We selected
Ku band (12.25 ∼ 12.75 GHz) for this measurement be-
cause the gain of the parabola antennas is higher than that
of lower frequencies and prices of the receiver instruments
are relatively lower due to the commercial products. Fur-
thermore, the noise at lower frequencies around our uni-
versity is too high to measure the MBR because of mo-
bile phones and wireless transmissions. On the other hand,
the wavelength of this band is a few centimeters. There-
fore the aberration at the off-axis of the parabola cannot be
ignored. Because of this, a multi-receiver system on a sin-
gle parabola cannot be used in our system. Instead we have
developed a 12 parabola-antenna system. Field of view of
each parabola is 1.5 degrees. The field of view of the whole
system is arranged as 4 parabolas in horizontal direction

and 3 in vertical. Namely the field of view of the whole
system covers 6 degrees horizontally and 4.5 degrees verti-
cally. Each receiver has two channels to measure horizon-
tal and vertical polarizations. Therefore, a total of 24 chan-
nels are taking data. The Ku band signal is down-converted
to 950 ∼ 1450 MHz and amplified by a low noise amplifi-
er. Then a 6 m co-axial cable transfers the microwave sig-
nal to a plastic box which is mounted on the back side of
each parabola. The total gain of the system is 77 dB. A
power detector (Mini-Circcuits ZX47-60-S+) converts the
microwave amplitude to DC voltage. The response time of
this detector is a few 100 ns. The output from the power
detector from each channel are transferred through 60 m
long co-axial cable and digitalized by a 65 MS/s VME s-
tandard FADC (CAEN V1740). Signal from 4 parabolas
on the upper layer are used for the trigger. The trigger is
issued when any single parabola in the upper layer has re-
ceived a signal larger than a certain threshold. The thresh-
old of the trigger is adjusted to keep the trigger rate of the
whole system a few Hz.

From April to March in 2012, a total of 9× 106 events
were recorded over an observation time of 3000 hours.
Fig.2 shows an example of a event detected by the 12
parabolas. 9 × 106 events has been recorded. We search
MBR like events in these events with following criteria.

• Each layer has 1 or 2 pixels with pulse shape signal.

• Less than 3 pixels have the signal in each layer.

• The pixels which have the signal make an image of
the air shower.

• Timing of the signal in the image must be shifted
from upper to lower direction.
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Fig. 3: Power detector R&K CDE1500-KU developed by

R&K CO. A Bias-Tee, an impedance transformer, and a

power detector are included in this compact circuit. Re-

sponse time of the power detector is improved to 15ns.

Fig. 4: Picture of the scintillator array and the parabola

antenna. The scintillator array is observing air showers

with energy above 1014 eV and give the trigger to the 45

cm parabola.

During this two month of observation, we found no candi-
date of the MBR signal from the air-showers.

2.2 Parabola antenna in an scintillator array

The hybrid observation with a microwave antenna and an
air-shower array is a straight-forward way to detect MBR
from air showers. We use a small scintillator array for this
observation. On the rooftop of the university building, a s-
mall scintillator array is observing cosmic ray with energy
above 1014 eV. This array is composed of 9 plastic scin-
tillators. The size of the scintillator is 0.5 m2 and the size
of this array is 14 m × 21 m. Main purpose of this array
is education of the undergraduate students in the physics
course. Two parabolic antennas are located on the edge of
this array. The type of antenna used is a commercial prod-
uct intended for use as a home satellite TV dish. Its diam-
eter is 45 cm. The antennas are directed toward the zenith
so that microwave emission in forward direction along the
shower axis can be observed effectively with the scintil-
lator array. The microwave emission from the air-shower
should be accumulated in the forward direction during it-
s evolution whatever the emission mechanism is. In this
case, the microwave signal is expected to be first pulse just
like Cherenkov light. Therefore we have developed for first
RF module with R&K co. In this module (CDE1500-KU)
a Bias-Tee, an impedance transformer, and a power de-
tector are included. Response time of this detector is im-
proved to 15 ns for rising time. The signal form the pow-
er detector is recorded by a degital oscilloscope (Tektron-

Fig. 5: Picture of the parabola antenna looking at the ELS

in the Telescope Array Observatory. The backside of the

parabola antenna can be seen in the center of the picture.

The parabola looking at the ELS 80 m away. Image of the

electron beam which is observed the fluorescence detectors

on the Telescope Array observatory is also shown above

the ELS.

ix TDS3032B) with 300MHz band width. When the scin-

tillator array detects an air shower, the data aquisition sys-

tem send a trigger signal to the oscilloscope. 50 days ob-

servation had been performed since Janualy 2013. Amount

of 1,260,000 air-shower events was detected. Among these

events, 3000 events were in 5 degrees from the optical axis

of the parabola. No indication of the detection of the mi-

crowave signal from the air showers has been found so far.

2.3 Observation of Artificial Air Showers

The Telescope Array observatory is located on a desert

area in Utah USA. This observatory measures UHECR us-

ing 700 km2 scintillator array and 3 station of fluorescence

detector. In one of the fluorescence detector stations, so

called Black Rock Mesa, an ELS has been developed. This

device radiates 40 MeV electrons. Maximum number of

the electrons is 109. The aim of this device is to produce

artificial air showers with energy of 1016
∼ 1019 eV under

a controlled condition. An parabola antenna with diame-

ter of 1.2 m is located on 80 m away from the ELS. The

parabola is same as used in the 12 parabola system and da-

ta acquisition system is same as used in the scintillator ar-

ray which is explained above.

The first observation has been performed in March

2013. 2000 electron beams of which energy is equivalent

to 1018 eV are observed.
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3 Discussion

Next generation detector of the UHECR needs huge detec-
tor volume and high resolution. MBR from the air shower
is one of the idea for the future UHECR observation. We
have observed MBR from air showers based on three ex-
periments with a complimentary measurement. Clear sig-
nal of the microwave emission from the air shower has not
been detected so far. Detail analysis is underway to esti-
mate upper-limit of the MBR from the air shower.
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