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The extensive air showers (EAS) detector system consisting of timing detection is being built for 
the reconstruction of the EAS axis direction using chronotron timing information. This system 
consists of eight scintillator-based individual detectors (100 x 100 x 1 cm) using wavelength 
shifting fibers for light collection ("Chronotron" installation). The goal of the project is to 
supplement a complex of EAS installations that is located at the elevation of 3340 m above sea 
level at the (Tien Shan High-altitude Scientific Station) TSHSS near the city of Almaty, 
Kazakhstan, with the system of detectors with fast timing. This work presents the current design, 
the characteristics from the simulation and the performance of the prototype. 
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1. Introduction 

EAS are secondary cosmic rays resulting from the interaction of primary cosmic rays with 
the Earth's atmosphere. At TSHSS there are several installations for the study of EAS: Horizon-
T installation [1], HADRON-55, burst detector etc. 

The purpose of the ‘Chronotron’ installation is to determine the axis direction of EAS. 
Registration with eight detectors will make it possible to consider the effect of fluctuations of the 
EAS front when determining the zenith and azimuthal angles when analyzing time surfaces by 
the minimization method. 

 

2.  Chronotron timing detectors 

Chronotron timing detectors are used to investigate the array angles (zenith and azimuthal 
angles) of EAS. Scintillation detectors using wavelength shifting fibers for light collection are the 
working body of Chronotron installation, with their relative  positions schematic shown in Figure 
1. Each scintillation detector has a shape 1000 × 1000 × 10 mm (Figure 2). The scintillation light 
is collected by the WLS fibers and then detected by FEU-115M photomultiplier tubes [2]. The 
signals from PMT were analyzed using a CAEN DT 5725 8 Channel (14 bit 500 MS/s) digitizer 
[3]. 

 

 
Figure 1 - The location of scintillation detectors 
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Figure 2 - General view of the scintillation detector 

 
3. Zenith and azimuthal angles measurement method 
 

To obtain the zenith and azimuthal angles, we will use the coordinates of the location of 
each detector. Plane equation can be written as follows:  

 
ax + by + cz +d = 0                                               (1) 

 
where a, b, c - coordinates of the normal vector, a2 + b2 + c2 = 1. In our task z = 0, because 

detectors are located on the same level. In the approximation that the shower front is flat we can 
use formula (1). The distance from the ith detector with coordinates xi, yi and zi to the shower 
plane is: 

δi = axi + byi + czi +d 
 
where δi = ti * c, ti - is the relative response time of the i detector, с - speed of light [4]. Then, 

using the least squares method and Cramer method, we will find the coefficients a, b, c. Thus, 
arrival angles of shower are determined as follows: 

 
θ = arccos(c) 
φ = arctg(b/a)                                                         (2) 

4. First experimental results 
 

A preliminary single-particle calibration of one SC detector was carried out. The signal rise 
time is defined as the time interval between the 10% and the 50% of the peak area, and the total 
width as the time interval between 10% and 80%. The reason for these definitions is to clearly 
define the start of the pulse above any noise floor, to have a median of the area as a definition of 
the 'center' and to cut out the possible long tails from the cables (Figure 3). 
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Figure 3 - Single-particle calibration SC detector 
 

The figure 4 shows one event from 8 detectors, the trigger was generated by detectors 1 and 
5 (triggering occurred in a 16 ns time window) and as we can see the signals from the detectors 
are registered with different time delays. 

 

 
Figure 4 - Preliminary data from the Chronotron 

 
In Figure 4, you can see which detector is activated first by the peak of the amplitude 

obtained. Table 1 shows (for figure 4) the total pulse area and the time value at peak amplitude of 
each detector. Table 2 shows the delay time of each detector relative to detector 6. 
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Table 1 - Data of single event 

Detectors Time, ns Total pulse area, custom 
units 

Detector – 1 4963 ± 0.4 38490 

Detector – 2 4948 ± 0.3 54873 

Detector – 4 4958 ± 0.7 38528 

Detector – 5 4950 ± 0.4 181792 

Detector – 6 4939 ± 0.6 106996 

Detector – 7 4955 ± 0.5 31886 

Detector – 8 4943 ± 0.8 125912 

 
Table 2 – Delay time of the system 

Detectors 6 8 2 5 7 4 1 

Delay, ns 0 ~4 ~9 ~11 ~16 ~19 ~24 

 
5. Conclusion 
 

'Chronotron' setup has been assembled and its now functional. Preliminary data has been 
acquired and analyzed. The time resolution allows for EAS arrival angle estimation. The accuracy 
of this measurement will be explored as more data will be available. 
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