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Field of View Direction Analysis of Telescope Using a Drone-mounted Light Source
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Abstract: The Telescope Array experiment has been conducting observations of ultra-high energy cosmic ray using
the Atmospheric Fluorescence Detector (FD) as telescopes. The viewing direction of FD is expected to affect the results
of cosmic ray analysis, and we need to calibrate the direction. Therefore, we developed an Opt-copter as a flying light
source. Today, we have updated the view direction of the FD with an accuracy of 0.03 deg. by the analysis using the

Opt-copter.
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Fig.1 Opt-copter Image. Automatic flight and stable
observation are possible even at night by the
control system of UAV

Fig.3 UV LEDs on a dodecahedron to achieve
isotropy of light. Covering LED with the Diffuser
creates a pseudo light ball.
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Fig.2 Two GPS units communicate with each other
and make corrections to record the high accuracy
light position.

Fig.4 Light source circuit to control light intensity,
pulse width, and frequency.
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Fig.6 Observation concept
Fig.5 The telescope bases in TA experiment site, Fly Opt-copter 300 meter away from the telescope
and installed telescope. to receive light without atmospheric attenuation.

Fig.7 Light source trajectory with angle in the field of view of the telescope, calculated from GPS.
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Fig.8 Left: Light source trajectory with angle in the field of view of the telescope, calculated from GPS,
Right: Virtual light position calculated from light reception records.

Fig.9 Difference between the light position and Center of Gravity of light intensity.

Table 1 The table shows the difference between the actual and assumed viewing directions based on the analysis.
Upper: 2018 data, Lower: 2019 data
FD 00 01 02 03 04 05 06 07 08 09 10 11
Azimuth misalignment [deg.] 0.03 0.01 0.01 0.04 0.06 0.04 0.01 -0.02 0.01 -0.04 | -0.01 0.01
Elevation misalignment [deg.] 0.08 -0.04 | -0.05 -0.03 -0.04 -0.11 -0.06 | -0.14 | -0.12 -0.19 -0.15 -0.15

FD 00 01 02 03 04 05 06 07 08 09 10 11
Azimuth misalignment [deg.] - - - - 0.06 0.04 0.02 -0.04
Elevation misalignment [deg.] - - - - -0.06 | -0.12 | -0.06 | -0.14
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Fig.10 Center of Gravity of light intensity for different central PMTs to extract data.

Table 2 Status of result changing target PMT to investigate the effects of coma aberration and flight bias.

Target PMT 103 118 119 120 134 135 136
Azimuth misalignment [deg.] -0.03 -0.04 -0.04 -0.04 -0.05 -0.05 -0.04
Elevation misalignment [deg.] -0.13 -0.12 -0.14 -0.15 -0.13 -0.14 -0.15
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