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The phenomenon of extensive air showers can be used to detect gamma rays from the Earth ground -
Imaging Atmospheric Cherenkov Technique

14 \
N o (e ]
5 ‘ 160 .
Y '\/ .

13.09.24

Primary particle
(gamma ray)

first interaction
with nucleus in air
(pair production)

bremsstrahlung
on nucleus in air

pair production

bremsstrahlung

(C) 1999 K. Bemlohr

Gamma
Ray

Particle
Shower

Vadym Voitsekhovskyi

CTNAD &
B 2w COLLABORATION



) UNIVERSITE Large-Sized Telescope of the Cherenkov
¢/ DE GENEVE

FACULTE DES SCIENCES

CTAO ’ IC_E%TLLABORATION

* Cherenkov Telescope Array Observatory is the future of IACT.
« LST is the largest among CTAO’s telescopes.

 Itis operating since November 2019 year.

North site (Canary Islands, Spain)
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Visualisation of the extensive air shower in the atmosphere Schematic representation of EAS development initiated by proton

Top of the atmosphere
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Muons passing through atmosphere emit Cherenkov light in the cone. a) ’

Light reflected from the mirror is observed as a ring on the focal plane of
the camera
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Light emitted by muons can serve as a continuously available calibration
light source
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Muon ring parameters explained - width CTAO i

Image of muon ring as seen by LST-1
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Image of muon ring as seen by LST-1
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Image of muon ring as seen by LST-1
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1. We reconstruct the ring geometry by simple
analytical fit, to found out:

* Ring center
* Radius

2. Performed Minuit-based max log-likelihood fit
between analytical model and observation to
obtain next parameters:
 Impact point of the muon on the mirror
* Ring width
 Optical efficiency

Analytical model for the light distribution along the muon ring:
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1. We reconstruct the ring geometry by simple
analytical fit, to found out:

* Ring center
* Radius

2. Performed Minuit-based max log-likelihood fit
between analytical model and observation to
obtain next parameters:
 Impact point of the muon on the mirror
* Ring width
 Optical efficiency

Analytical model for the light distribution along the muon ring:
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optical efficiency vs time (runnumber)

* The optical eff1c1enc of 2 telescope is the
parameter quanti %/mtgt e cap abﬂlt? of the 024
optical ¢ elements ot a telescope in reflecting and
processing light. : .
0.22 4
* Optical efficiency degrade with time due to 0201
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+ Degradation of the photomultipliers
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ring size vs time (runnumber)
3500

* Ring size is proportional to the optical ;
efficiency of the telescope.

3000 A

* Ring size calculation doesn’t depends on
the additional fitting procedure of model to
observations. 2500

. Change in mean ring size from 2020 to
2024 year is around 5%
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* Dependence of the ring size on the radius can be
used to trace the changes in optical efficiency of
the telescope

» Optical efficiency of the telescope can be set as a

flat configurational parameter in the simulations.

*  We can manually tune the optical efficiency
parameter in simulations to coincide with the
observational data and in that way estimate its
real absolute value.
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* Muons proved themselves as a reliable source of calibration for the Imaging Atmospheric Cherenkov
Telescopes

 Changes in optical efficiency after 4 years of LST-1 operation is around 5%

* By comparison of muon ring size vs muon ring radius distribution, we can estimate absolute optical
efficiency value of the telescope, with accurasy and precision of 5%
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Here is the new image of a cool muon in Zurich,
relaxing at an outdoor café with a scenic view of the
city and the Alps. Let me know if it captures the vibe

you were looking for!
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To simulations and observations were applied same post-processing quality cuts:

Parameter name Cut value
Muon efficiency <1
' Size outside the ring <500 p.e.
Istchain standard muon cuts —+ :
Ring completeness > 90%
Ring containment > 90%

Simulation corsika+simtel configuration:

Parameter name Value
Zenith 0 deg
Viewcone 48 deg + latest standard Ist-simtel config from GitHub
Impact parameter 15m rzgiﬁor reflectivity = 78.4%
Energy 6 GeV — 10 TeV night sky background = 0.24GHz
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https://github.com/cta-observatory/lst-sim-config/releases/tag/sim-telarray-lst-magic-prod2-v1.4
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ring width vs time (runnumber) ring radius vs time (runnumber)
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There is 3.2% raise in mean ring width value from 2020 to 2024 year
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muon efficiency vs time (runnumber)

November 2019 - February 2024
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ring width vs time (runnumber) ring radius vs time (runnumber)
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There is 3.2% raise in mean ring width value from 2020 to 2024 year
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« First of all, we reconstruct the ring geometry by
simple analytical fit, to found out:

* Ring center
* Radius

* Then there are performed minuit-based max log-
likelihood fit between analytical model and
observation to obtain next parameters:

* Impact point of the muon on the mirror
* Ring width
 Optical efficiency

Analytical model for the light distribution along the muon ring:

(G—GC)Z Gaug et al 19
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Chalme-Calvet et all. 2014
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