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Abstract

The Medium-Sized Telescope of the Cherenkov Telescope Array Observatory (CTAO)
utilizes a Pointing Camera (PCAM) to enhance its pointing accuracy by matching the
observed night sky to the catalogued data. This thesis uses the measured intensities
and the data of the tted stars to quantify di erent e ects in the atmosphere, aiming to
predict the measurable ux of a given star and investigating whether the images taken
by PCAM can be used to quantify the atmospheric quality.

Using the star’s magnitude, temperature and position on the sky, e ects like the
wavelength dependent detection e ciency of the camera, the zenith distance and
wavelength dependent atmospheric extinction as well as systematic errors by the
extraction algorithm, are quanti ed. By analysing data taken at di erent altitudes,
atmospheric parameters like the extinction coe cient and the Angstrom-exponent are
determined for the night and location of the campaign.

The intensity prediction allows for an additional validation and correction for the pointing
algorithm. Deviations from the predictions point to wrong star tting or atmospheric
e ects like clouds. A systematic underestimation of the intensity is hypothesized to be
caused by interstellar reddening of the star spectra, which is not yet corrected for in
the wavelength dependent predictions.

This presented method provides a foundation for an automated quality control of the
sky tting and the measurements of atmospheric conditions at the site of CTAO.
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1 Introduction and Motivation

1.1 Gamma Ray Astronomy and CTAO

The most energetic environments in the universe, like Active Galactic Nuclei (AGN) or
supernovae, are able to accelerate charged particles to relativistic speeds with energies up
to 102 eV. These cosmic rays interact with the Interstellar Medium (ISM) among others,
by inverse Compton scattering and °-production. During these processes, gamma rays
are produced with energies of up to multiple TeV. These gamma rays are excellent
messengers as they are not in uenced by magnetic elds (CTAO, 2025b). As this helps
to get a deeper understanding of the universe and to explore the current scienti c¢ limits,
gamma ray astronomy has resulted in multiple gamma ray detectors being built. The
current generation of ground based detectors like High Energy Stereoscopic System
(H.E.S.S.), Major Atmospheric Gamma Imaging Cherenkov Telescope (MAGIC) or Very
Energetic Radiation Imaging Telescope Array System (VERITAS) have identi ed over
200 gamma ray sources and proved the potential of this eld. The planned Cherenkov
Telescope Array Observatory (CTAOQ) is building on these successes and will be the
most advanced array of its kind. The detection principle of all ground-based gamma ray
observatories is based on the measurement of Cherenkov light produced by a gamma
ray.

When gamma rays hit Earth’s atmosphere, they initiate a cascade of subatomic charged
particles, known as an extensive air shower, which are energetic enough to travel faster
than light in the atmosphere. Any charged particle, moving through a medium, polarizes
the particles of the medium around its travel path, which in response re-emit the received
energy as photons as they return to their ground state. The polarization eld, and
thereby the emitted photons, form spherical, symmetrical wavefronts around the moving
particle as long as it is moving slower than the wavefronts themselves (v, < ¢, where
Cn = Cp=n is the speed of light in the medium). As soon as a particle is moving

Figure 1. Sketch of Cherenkov light production. From left to right: v, =0, 0 < v, < ¢y,
Vp > cn. Adapted from Neutelings (2025).

faster than the phase velocity of light, like the ones emitted in a gamma ray induced
atmospheric air shower, it can catch up with, or even overtake, its own produced
wavefronts (see Figure 1). This results in the emitted wavefronts overlapping and
constructive interference, producing a cone of observable photons around the particle’s

ight path. This signal is called Cherenkov light and can be measured using suitable
instruments.



The emission angle  at which the Cherenkov light is produced depends on the speed

of the particle = vp=co, the refraction index of the medium n (see Figure 1) and is
given by
Cn 1
=— = 1
cos( ) =30 =1 (0

By detecting the signal of the Cherenkov event with at least two telescopes and measuring
the signal form and time of arrival, it is possible to triangulate the position, entry angle,
and emission angle of the light cone (see Figure 2). This allows the reconstruction of
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Figure 2: Sketch on how to triangulate the shape of a Cherenkov Light cone using two
Cherenkov telescopes. Taken from Schweizer (2025).

the particle’s velocity and path, and based on this, the modelling of the original gamma
rays’ energy and origin.

Figure 3: Comparing the size of the three di erent telescope types used in CTAO. Taken
from CTAO (2025a).

The CTAO is designed as the next generation of such observatories. It will o er
unmatched angular resolution, sensitivity and energy coverage, setting new standards in
this eld. To achieve a broad detectable energy range between (20 GeV and 300 TeV)
CTAO will cover an area of over 1km? with three di erent types of telescopes. The most
frequent low energy range (20 GeV to 150 GeV) gamma rays produce fewer secondary
particles which results in less Cherenkov light and thereby a lower intensity ash that



can be detected. This is why the Large-Sized Telescopes (LSTs) of CTAO, that cover
this range, are fewer in number but greater in size to detect even the faintest light ashes.

In contrast, gamma energies in higher ranges (%eV to 300TeV) are less common but
produce stronger air showers with higher Cherenkov intensities. As a result Small-Sized
Telescopes (SSTs) are enough to detect these events but need to cover as large an area
as possible to increase the chance of detecting as many as possible. In the range between
the already named energy ranges (15G@eV to 5 TeV) act the Medium-Sized Telescopes
(MSTs). (CTAO, 2025a)

1.2 The Pointing of MST

The MSTs are planned to observe gamma rays with an energy range of 150 GeV - 5 TeV
at a pointing precision of < 7arcsec To achieve this precise orientation of a 27 m high
structure that has a camera placed 16 m away from its mirrors (see Figure 4), one cannot
only rely on the mechanisms that move it there (CTAO, 2025a). To compensate for
pointing errors due to tolerances, wear in the mechanics, calibration errors, or thermal
contraction/expansion of the structure, a pointing camera is placed inside the centre of
MST's dish, aligned with the telescope’'s optical axis observing the science camera and
the night sky behind.

Figure 4: Design of the Medium-Sized Telescope with labels. Taken from Garczarczyk
(2022).

1.2.1 The Pointing Camera

The Pointing Camera (PCAM) consists at its core of the optical astro camera ZWO
ASI2600-MM Pro with a chip size of 6248 4176 pixels, distributed over an area of
235 157 mm. Directly behind the chip is a thermally connected chip cooling unit,
to reduce dark current (ECAP, 2022). Attached to the front of the camera is the lens
Nikon AF NIKKOR 50mm 1:1.8 D, which focuses the incoming light on the sensor.
This lens can additionally be heated to correct for possible thermal uctuations that
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