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- Imaging Atmospheric Cherenkov Telescopes
- Adaptive Observation Scheduling for IACTs
- Atmospheric aerosols transmission profiles (MAGIC LIDAR)

- Aerosol optical depth maps (CTAO FRAM)
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Imaging Atmospheric Cherenkov Telescopes

MAGIC (Major Atmospheric Gamma Imaging Cherenkov telescopes)

H.E.S.S. (High Energy Stereoscopic System)
VERITAS (Very Energetic Radiation Imaging Telescope Array System)
CTAO (Cherenkov Telescope Array Observatory)

MAGIC I and I LST-1 (CTAO)
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Electromagnetic shower Hadron shower
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Electromagnetic shower

100GeV gamma photon
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Hadron shower

300GeV proton

proton 300 GeV, Side View |
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Monte Carlo simultation
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From Observations to Theory

Monte Carlo simulations

Entries 1
Mean 20.78
RMS 4453
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Sensitivity of ground-based and space gamma-ray telescopes
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Atmosphere above La Palma

Cirrus clouds

Important for understanding
the climate

Altitude 5-20 km

Calima
Sahara dust
Altitude around 3 km




Effect of a cloud on a Cherenkov air shower
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Energy threshold affected by a cloud

collection area correction

log(Aqr)

energy bias

log(E)



MAGIC Optical LIDAR

Light Detection And Ranging

Pulsed optical laser at 532 nm



MAGIC: Datacheck for one observing night with variable atmosphere

DataCheck CC Plots MARS - Magic Analysis and Reconstruction Software - Mon Feb 12 11:02:54 2024 Page No. 1
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Crab nebula Very High Energy spectrum with and
without corrections for atmospheric transmission

Without
corrections i

e 457817
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2372 828Be-08
-0.26 + 7.533e-05

With
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MAGIC: Different atmospheric conditions
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Adaptive Observation Scheduling

20-30% of the observational time at La Palma is affected by moderate
atmospheric transmission levels that can be corrected using real-time
VAOD measurements

Observational time with IACTs MAGIC and CTAOQO is very expensive

Observations of astrophysical sources and phenomena that emit softer
gamma-ray spectra (GeV range energy thresholds) need high atmospheric
trasmission (more than 0.85-0.90)

Sources emitting harder gamma-ray spectra (TeV e.th.), including flaring
and nearby AGNSs, can be observed also during moderate atmospheric
transmission (0.55-0.85) in order to allocate more observing time for
sources that need observations with lower energy thresholds



Vertical standard deviation of clouds ("extension")
as a function of mean altitude
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Distributions of normalized extinction vs. vertical distance from mean altitude
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The mean extinction profiles for different cloud cases: low
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< 0.2 (lila), 0.2 <VOD < 0.5 (green) and VOD > 0.5 (pink),
and Summer clouds (orange).
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CTAO FRAM

F/Photometric Robotic Telescope



Distribution of Vertical Aerosol Optical Depth (VAOD) values
measured by CTAO FRAM in tiles with different cuts applied
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Distribution of VAOD values measured by CTAO FRAM in tiles after all cuts
compared with the distribution of the precise VAOD measurements from scans
without and with a smearing with a Gaussian with o0 =0.04
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Distribution of VAOD values measured by CTAO FRAM in tiles with different cuts applied
(normalised to the number of entires after each cut)
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Conclusions and Future Perspectives
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MAGIC stereoscopic system

¥ Extensive o p
Air Shower CCODSU'UC.te.
Source Position
Cherenkov
Light

Cameras with
PMT pixels

Air Shower
Images




Stereo reconstruction

Reconstructed origin

Source position

center of gravity 2

Camera 1 Camera 2

center of gravity 1



Data quality classes (MAGIC 2 year statistics)

Data quality LIDART |Without |With
class (9 km) calima cut | calima
(% of cut
time)
1. (no 1.00-0.85 |69 85
corrections)
17 9
6 2
4. (“garbage”) 0.55-0.00 |8 4




MAGIC Optical LIDAR

PCB with amplifier and HPD power supply

High QE Hybrid Photon Detector (HPD)

———— Lens pair for parallel light
in interference filter

Interference filter
3nm bandwidth

Diaé)hragm for fine-tuning the
field of view of the LIDAR

Al-frame of the
telescope

/

\ Counter weights

Equatorial
telescope mount

Baffled tube for
reducing stray light

Pulsed, passively Q-switched
frequency doubled Nd:YAG laser

60 cm diameter milled

Laser mount - adjustable P shaert s e

for beam alignment
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Energy Resolution

Energy Resolution — CTA North
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varies between 0.18 and 0.24 in the lowest energy bin to = 0.10 at the
energy of 15; significantly degraded at energies below 250 GeV, by
30% for T = 0.50 and by less then 10% for T = 0.75
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E2 - Flux Sensitivity [erg cm™2 s71]

Differential Sensitivity — CTA North
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the most visible effect of clouds is at energies < 150 GeV

at energies > 1 TeV the stability in reduction is achieved: = 25% for T =

0.50, and =~ 10% in the case of T = 0.75



CTAO FRAM time series of zeropoints from scans
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Scheme for the determination
of new Stable Time Intervals e — g
(STls) and new Monte Carlo ! \

(MC) simulated Instrument !.U! i -

Response Fu nCtionS ( I RFS) Slow component (e.g.<2.5 km)
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Conclusions and Future Perspectives

Aerosols in the atmosphere play an important role for
reconstruction of data observed by IACTs

Adaptive observation scheduling optimises the available
observational time of IACTs

Different independent instruments for atmospheric

characterisation used during the same time ensure a better
strategy

Characterisation of the atmosphere for IACTs provides
useful data for environmental and climate studies



