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The TAIGA (Tunka Advanced Instrument for cosmic ray physics and Gamma Astronomy) ob-
servatory is located in the Tunka valley (~50 km west from the southern shore of Lake Baikal)
at an altitude of 675 m a.s.l. The TAIGA observatory aims to address gamma-ray astronomy at
energies from a few TeV to several PeV and CR physics from 100 TeV to several EeV. Its main
feature is the complementary, hybrid approach to distinguish CR events from those of gamma rays.
Currently TAIGA consists of ~80 wide-angle air Cherenkov detectors (HiSCORE stations), three
~4 m diameter IACTs and several hundred surface and underground muon detectors, grouped in
three jointly operating arrays. The exceptional feature of the TAIGA IACT array is it’s topology
that allows one to aim for the optimal cost/performance by scanning the optimal inter-telescope
distances from 300 m up to 600 m. The IACTs have alt-azimuth type mounts and 576-pixel
imaging cameras in the foci, covering 9.6° aperture in the sky. The segmented reflectors of ~10
m? area follow the Davis-Cotton design. The largest diameter of the hexagonal shape reflector is
4.3 m and the focal length is 4.75 m. The rigid telescope mount provides a maximum displacement
of EAS image below 2 mm (i.e. < 0.024°) in the photodetector plane. The main parameters of
IACTs are of a crucial importance for their efficient operation and is presented
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1. Introduction. TAIGA observatory.

Up to now majority of information about fluxes and sources of high energy gamma rays was
obtained at the following experiments: HEGRA[1], H.E.S.S.[2], MAGIC[3] and VERITAS[4].
They consist of arrays of several telescopes — detectors of Cherenkov radiation from Extensive Air
Showers (EAS). Telescopes at a distance ~100 m from each other have focusing mirrors that reflect
Cherenkov light to the camera made out of photomultipliers so that an image of EAS is formed.

One of priority goals of TAIGA observatory (Tunka Advanced Instrument for cosmic ray
physics and Gamma Astronomy) is investigation of gamma rays in energy region from several
TeV to 1 PeV, which requires extension of experimental area up to several square km. TAIGA
observatory distinguishing feature is in combination of measurement of EAS in Imaging Atmo-
spheric Cherenkov Telescope (TAIGA-IACT) and in an array of wide-angle Cherenkov detectors
(TAIGA-HiSCORE)[5]. At present time 2 IACTs are operating as part of TAIGA observatory
(Fig.1).

Figure 1: First 2 IACT of TAIGA observatory

In hybrid experimental setup of TAIGA observatory distance between IACTs can be up to
600-800 m because simultaneous detection by several IACT is not required for EAS parameters
reconstruction. This feature makes construction of experimental installation covering large area
which is required for measurements of weak gamma-ray fluxes including PeV cosmic ray sources
significantly cheaper. TAIGA is the northernmost gamma-observatory and that provides some
benefits in observation of high declination sources like e.g. gamma-ray source in Tycho supernova
remnant.
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2. TACT mechanical mount.

Mechanical platform of IACT can be rotated around the horizontal axis from -10° to 95° and
from 0° to 410° around azimuth axis by 2 step motors and reductors. Drive units PhyMOTION
from PhyTron in conjunction with absolute 17-bit encoder HENGSTLER AC58 provide precision
of telescope direction 0.05° and precision of source following 5. Maximum rotation speeds are
6°/s in azimuth and 2°/s in declination.

There are 34 glass mirrors on each IACT with diameter 0.6 m and total area ~10 m?. Mirrors
are spherical with radius of curvature 9.5 m and were produced in accordance with the requirements
on reflectivity as well as mechanical and temperature stability. Reflective aluminium layer with
width ~140 nm was added on the surface of the mirrors by vacuum spraying followed by protective
layer of SiO, with width ~200 nm. CCD camera was attached in the center of mirror assembly for
IACT direction calibration compared to known star positions.

3. Measurements of produced IACT mechanical frame.

3.1 Support platforms for mirror attachment.

Each of the 34 mirrors is attached to its own support platform on the telescope frame and
rotations of those platforms should give first approximation of mirror rotations. Measurements of
normal vectors to those platforms are shown on Fig.2. Telescope design assumed that those points
would intersect at O at double focal distance and repeat mirror arrangement in 1:2 scale at single
focal distance. The points are within tolerance range of mirror calibration mechanisms.
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Figure 2: Measurements of intersections of vectors normal to the mirror attachment platforms with focal
plane and plane at double focal distance.
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Position of support platforms was also checked. With mirror support structure in horizontal
position distance from center of each support platform to a horizontal plane was measured. Differ-
ence between the measured distances and theoretical distances lies in the range from +10 mm to
-5 mm. Effectively this can be seen as changes to the distances from the focal plane to the mirrors
relative to the telescope design.

3.2 Misalignment of horizontal rotational axis.

Digital displacement indicators were attached at both ends of rotational axis for horizontal and
vertical displacement. Value of displacements were read out for different telescope rotations around
the horizontal axis.

Since real telescope construction is not completely rigid, indicator values show elastic defor-
mation of rotation axis of the telescope.

Fig.3 shows residual difference between axis displacements and simple theoretical approxima-
tion of those displacements at the reduction gear side. Fig.4 shows the same but at the opposite side
of the encoder.
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Figure 3: Difference between theoretical and practical displacements of axis at reduction gear side.
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Figure 4: Difference between theoretical and practical displacements of axis at encoder side.
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Images show that residual deformations of horizontal rotation axis are within 0.5 mm at
maximum amplitude.

Differences in the form of residual deformations graphs at encoder and reduction gear sides
are explained by the details of the telescope structure: axis from the reduction gear is under stress
from the torque while the axis on encoder side rotates freely and is free of such moment of force.

3.3 Backlash of horizontal and vertical axis.

During the backlash measurements weights were attached to telescope frame simulating weight
of the camera and of the mirrors. Several series of measurements were conducted according to
following procedure. Telescope was initially set horizontally, axis was lifted by 10°, wait for 5
seconds, lowered by 5°, wait 5 seconds, then repeat until the telescope is pointed to zenith. Value
of backlash was measured (Fig.5) to be within 0.03°, which meets technical requirements of the
telescope.
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Figure 5: Measured telescope backlash during rotation around horizontal axis.

Backlash around vertical axis is reduced by additional weights with ropes and pulleys. Field
operational anti-backlash system of vertical axis allows telescope rotation by £210°. Measurements
were conducted with special system that can only rotated by 10°.

As can be seen on Fig.6 weights 11 kg and 33 kg in anti-backlash system leads to backlash
of ~0.4°. Weights of 55 kg and more lead to backlash of ~0.08° which is caused by irremovable
backlash of the planetary reduction gear.

3.4 Rigidity of telescope frame.

An optical laser was attached to mirror supports and pointed to the center of the camera. A
photo camera with detached lens was placed in the center of the telescope camera such that the laser
beam was shining directly at the matrix of the photo camera.

Measurements were conducted at different positions of the zenith axis of the telescope, from
-30° to vertical position (90°) with a step of 10° in both up and down directions. Lest side of Fig.7
shows the results of those measurements in the vertical direction with “second measurement” done



The precision of the IACT mechanical mounts of the TAIGA observatory A. Borodin
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Figure 6: Measured telescope backlash during rotation around vertical axis.

after the bolts that hold the rods of the telescope camera mount were re-tightened. Right side of
Fig.7 shows the same measurements but displacements in horizontal direction which have much
smaller amplitude.
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Figure 7: (left) Displacement of the telescope camera in the vertical direction. (right) Displacement of the
telescope camera in the horizontal direction.

3.5 Static tests of the telescope.

Direct measurements were carried out by the signal from the encoders on the vertical and on
the horizontal axis of the telescope. Additional relative measurements were carried out with the use
of displacements of laser beam relative to certain points at the telescope frame. Rotation angles of
different parts of the telescope under load of weights simulating weight of the camera and mirrors
were calculated based on those displacements.

Horizontal tangential load leads to elastic deformation of vertical axis such that the bottom part
of it (place where encoder it attached) is rotating by 0.1825° and upper part of the axis corresponding
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to rotation of the main telescope structure is rotated by 0.3853°. Accordingly the difference between
encoder of vertical axis and position of main part of the telescope can take values up to 0.2°.

Full statical deformation from the wight of the telescope camera is 1.04° according to encoder
of horizontal axis. Deformation of support bracket below the reduction gear is 0.11° according to
optical measurements. Deformation of vertical rack is 0.08°. Deformation distributed along the
telescope cradle is 0.93°.

Horizontal rotation of telescope cradle under weight load was consistent with 0 within the
accuracy of the measurements.

3.6 Natural frequencies of the telescope.

Measurements of natural frequencies were carried out with acceleration detector of a smart-
phone attached to different points of the telescope frame: at the telescope camera position and at
the vertical rack at the reduction gear side.

Oscillations at all frequencies in the frame of the telescope were induced with and impulse
excitation. Right after that oscillograms of accelerations along all 3 dimensions were collected and
later analysed. Frequency of data sets was 200 Hz, length up to 1 minute, maximum registered
value of acceleration 39.2 m/s2, resolution 0.002 m/s2.

Fourier analysis of accelerations detected peaks at frequencies 0.6 Hz, 2.5 Hz and 8.5 Hz.
Quality factors (Q factors) of telescope frame at all detected natural frequencies were found by
fitting the data. At 8.5 Hz frequency Q factor is ~500, at 2.5 Hz ~50 and below 2.5 Hz it is less than
5 which corresponds to telescope structure oscillations dampening in less than 2 oscillation cycles.
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