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The Fluorescence Detector Array of Single-pixel Telescopes (FAST) project proposes a simpli-
fied Schmidt telescope designed for the detection of ultra-high-energy cosmic rays. It maintains
its optical excellence while featuring cost-effective components. The FAST prototype utilizes a
segmented 1.6 m diameter mirror and four 200 mm photomultipliers at its focal plane. Currently,
the first generation operates at the Telescope Array experiment and the Pierre Auger Observa-
tory. Based on the experience from the first-generation prototype, the second generation is under
development. Understanding the temperature and magnetic field dependence of the photomul-
tipliers is essential for accurate event reconstruction. Therefore, thorough testing of individual
detector components provides insight into the behavior of the FAST prototype. We introduce the
second-generation FAST telescope, compare it to the first prototype, and present the results of
photomultipliers characterization in the laboratory.
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1. Introduction

Detecting extensive cosmic-ray showers of energies above 1020 eV is very challenging. The
probability of an impact of a particle with such high energy is less than one particle per km2 per
century. Present experiments do not have suitable properties for the detection of such events. Al-
though they are capable of detecting such an event. Due to the costly and manpower-demanding
operation, dependence on the utility power source, and size, it is almost impossible to cover a suffi-
ciently large detection area using current technologies. The FAST telescope was developed with the
goal of detecting ultra-high-energy cosmic rays with low production and operation costs. Its simple
design, compared to current detectors, its size, the ability to operate stand-alone, and the possibility
of full automation in the future are prerequisites to cover a large area. Its design and properties are
shown in the following [1].

2. Optical system of the FAST telescope

The spherical mirror of the telescope has a diameter of 1.6 m. The first generation of the
telescope has a mirror composed of 9 parts. The shape of each part was made using classical
grinding and polishing methods. The mirror of the gen. 2 telescope is composed of 4 parts with
even better optical performance.

Figure 1: Model of the optical system of the FAST telescopes gen. 1 (left) and gen. 2 (right) [1].

A new method of mirror production has also been developed. The shape of the part is made by
the thermal sinking of the glass on the mould. In both prototypes, the aperture has a size of 1 m2

and is tilted by 15°. At the aperture is installed UV filter with a waveband 300 nm to 400 nm. The
difference in the design of the aperture is that gen. 1 telescope has the aperture mounted on the
mirror mounting structure, while gen. 2 telescope has the aperture as part of the building wall.

3. Camera calibration

The camera of the FAST telescope has 4 photomultipliers (PMTs) with a diameter of about 200
mm. The PMTs are placed in the square camera box with a side length of 500 mm. The back side of
the camera box is placed in the center of the aperture. Because of the size of the PMT, the trajectory
of an electron cathode to the first dynode is curved by the Earth’s magnetic field. The impact of
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the magnetic field was measured by an XY scanner developed in the Joint Laboratory in Olomouc.
Figure 3 shows the results of the measurement.

Figure 2: Results of the measurement of the impact of magnetic field on PMT efficiency. The worst orien-
tation of PMT to mag. field (left) and the best orientation of PMT to mag. field (right). The white ellipsis
shows the position of the first dynode.

4. Stand-Alone telescope

The new building was developed to get a stand-alone telescope. The main feature is an aperture
and UV filter as part of the wall. The building is sealed even during the measurement. The aperture
is covered by a rolling enclosure and in case of failure is placed in front of the mirror curtain with
an automatic retraction system. Solar panels are placed on top of the buildings to recharge batteries.
For stand-alone operation sensors are placed inside and outside of the building. Inside is also placed
IR camera. On top of the building will be placed all-sky camera to control cloud coverage.

5. Future plans

Currently, three telescopes are taking data at the Utah Telescope Array, and one at the Pierre
Auger Observatory. At the same time, a gen. 2 prototype telescope is being tested at the Observatory
of the Astronomical Institute of ASCR in Ondrejov. The next step is the creation of a mini FAST
telescope array at the Auger Observatory, which will consist of 6 telescopes. Also, analyses of
atmospheric calibration and tools for simulation and reconstruction of showers are being developed.
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