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In this work, we discuss deployment of a new setup of high-frequency antennas 

for detection of air showers. It is considered to employ two types of high-frequency 

antennas for the new setup, the first type of antenna is the SALLA type, which is used in 

the Tunka-Rex experiment, and the second type is a narrow-radiational high-frequency 

Uda-Yagi antenna. The comparison of radiation patterns, frequency range and noise level 

in the mountains and at the university altitude levels is presented.  
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1.  Introduction 

It is planned to create a new experimental setup consisting of high-frequency antennas at 

the 3340 m above sea level at the Tien Shan High-altitude Scientific Station (TSHSS) near Almaty 

city (Kazakhstan). 

In perspective, all experimental setups at TSHSS will be combined into a single complex. 

The modernized complex installation will detect the fluxes of charged particles and radio emission 

from Extended Air Showers (EAS). Space-time distributions of charged particles fluxes of EAS 

will be studied using the data obtained by the complex installation. 

In this work, it is proposed to use two types of high-frequency antennas, such as SALLA, 

and a narrow-beam Yagi-Uda antenna prototype for operation in a tandem [1]. 

The electronic part of the narrow-beam antennas was designed and assembled at the al-

Farabi Kazakh National University and was combined with the SALLA type antennas. 

2. Setting up an experimental and comparative analysis 

Radio pulses from EAS generated by the showers caused by ultra-high energy astroparticles 

(e.g. cosmic rays, gamma quanta and neutrinos) are formed due to the curvature of electrons 

trajectories and positrons in the shower front due to the Earth's magnetic field. These pulses are 

broadband radiation in the MHz range and are narrow bursts of tens of nanoseconds duration. 

Antenna arrays equipped with electronics with high sampling rate and a large data buffer are used 

to record these pulses [2]. Typically, such experiments use flash ADC (analog-to-digital 

converters) with a sampling rate of at least 200 MHz and a frame size of several thousand samples. 

An active antenna and a filter amplifier are usually connected to these electronics. 

As part of this project, high frequency antennas with a radiation pattern optimized for 

inclined EAS, were developed. The antennas will be connected to a cascade of amplifiers 

developed at KIT for Tunka-Rex antennas and provided for TSHSS. The measuring circuit will 

be connected to a commercially available CAEN ADC DT5725 [3]. 

Yagi-Uda antenna was created to detect radio emission from EAS in the frequency range 

of 55-65 MHz. First, a computer model of the antenna was designed and an experimental model 

(a real prototype) was created based on the simulations.   

Figure 1 shows the antenna model created in the HFSS Ansoft environment [4] by the finite 

element method and shows a prototype antenna. The active vibrator half-wave length (0.5 λ) is 

2.38 m, the reflector length, slightly larger than 0.5 λ, is 2.45 m, the directors are 2.26 m and 2.24 

m, respectively. All active and passive vibrators are made of aluminum pipe with an outer 

diameter of 10 mm. The length of the wooden boom (traverse) is 2.5 m. According to the 

simulation results, frequency parameters and radiational characteristics were obtained. Figure 2 

shows the frequency reflection coefficients of the antenna in the band of 30-80 MHz. At the level 

of "- 10dB", the operating frequencies of the antenna are in the band of 58-62 MHz and the 

bandwidth is 4 MHz. Figure 3 shows the radiation patterns at the central frequency of 60 MHz, 

built by the gain factor. The maximum radiation wave is 9.38 dB. Two-dimensional radiation 
pattern with the widths of the main lobes in the vertical (810) and horizontal (570) planes are also 

given. 
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Figure 1. Antenna model in HFSS Ansoft 
(Yagi-Uda antenna prototype) 

 

Figure 2. S11 parameter (reflection coefficient) in 
the band of 30-80 MHz (Yagi-Uda antenna 

prototype) 

 
The geometric and physical parameters of the computer model and its physical prototype 

fully correspond. An experiment was conducted to determine the antennas characteristics. For this 

purpose, a high-frequency signal generator G4-158 and Agilent N 9340B [5] spectrum analyzer 

were used, and measuring devices were connected to the antennas via coaxial cables (50 ohms) 

with a length of 5 m with "N male to SMA male" connectors. To study the bandwidth, the signal 

generator was radiated in the range of 40-65 MHz with a step of 1 MHz. The distance between 

identical antenna samples was 20 m. As a result, the dependence of the received power on the 

frequency was constructed, which showed that the antenna can receive useful signals in the 

frequency range from 45 MHz to 63 MHz (Fig. 3d). The radiation pattern was also built in a 

horizontal plane. The measurement results showed that the antenna is narrowly directed and, in 

addition to the main lobe, has a relatively small rear lobe (Fig. 3d). The simulation results are in 

good agreement with the results of field experiments.  

 

 
a) 

 
b) 

 
c)  

d) 

Figure 3. Radiation patterns based on the gain and width of the main lobes in two 

planes of the Yagi-Uda antennas type (3a, 3b, 3c) and useful signals in the frequency range 

from 45 MHz to 63 MHz (3d) 
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a) radiation pattern                                                   b) SALLA type antenna 
 

 Figure 4. The SALLA antenna, which is installed in TSHSS, and the radiation pattern of 

antennas SALLA type. 

 

For further development of antennas Yagi-Uda type and expansion of the complex 

installation, calibration will be carried out using SALLA antennas type, which is shown in Figure 

4a that shows the radiation pattern of the SALLA type antenna and Figure 4b shows the TSHSS 

antenna station with its two perpendicularly aligned SALLA antennas [6]. 

As indicated in Figures 3 and 4, we can notice a comparative difference between antennas 

SALLA type and antennas Yagi-Uda type.  

In the measurements described above, bandpass filters and low-noise amplifiers (LNA) 

were not used. LNA is usually used to amplify very weak signals. We have studied the amplitude 

characteristics of a receiving antenna system with LNA and filter. To obtain this, the main active 

vibrator of the antenna was directly connected to LNA, as well as the antenna cable was connected 

to the spectrum analyzer through a bandpass filter. The signal with a frequency of 60 MHz was 

received in three modes: antenna, antenna+LNA, antenna+LNA+filter.  

The measurement results are shown in Figure 5 in a spectral analyzer for two conditions: 

at TSHSS and the University altitude (880 m a.s.l.). 

 

 

 

 
a) 

 
b) 
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Figure 5. Spectral analysis a - the University altitude; b - at TSHSS 

3. Summary 

Preliminary results on the prototype Udo-Yagi antenna such as radiation pattern, frequency 

range and noise level data provide a good prospect for working in tandem with SALLA (using a 

unified amplifier and bandpass filter) 
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