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1. Correcting MAGIC Telescope data
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The MAGIC telescopes

La Palma:

az0)

MAGIC telescopes (Credit: Giovanni Ceribella)

 Two IACTs (M1 & M2) with 17 m mirror
diameter

* Located at 2200m at the Roque de Los
Muchachos Observatory

e Operating since 2003 (mono) and 2009 (stereo)

* Energy range between ~50 GeV until ~50 TeV

Main advantages of IACTs:

Using the atmosphere as a calorimeter to
achieve large effective areas (~km?)
Detection of lower photon fluxes compared
to satellites

Challenges:

Atmosphere is part of the detector
Variable down to minutes

Sub-optimal atmospheric conditions impair
reconstruction of air showers

—> Atmospheric monitoring is
necessary
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The MAGIC LIDAR system

Detector module

Structure:

* Aluminum telescope frame

controlled by commercial telescope mount
Nd:YAG laser with 25 uJ at 532 nm

61 cm borosilicate mirror o
Hybrid photo detector (HPD)

PCB

Interference filter
inside lens pair

Diaphragm

\

Equatorial telescope mount
(Astelco NTM 500)

Counter weights

Laser guidance tube

Beam expander

Pulsed, passively Q-switched 60 cm Al mirror
frequency doubled Nd:YAG laser

Goals:

1. Characterize data quality due to atmospheric conditions Adjustable laser mount

2. Corrections of atmospherically impaired data

Steel blocks
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extinction coefficient o [m] log( signal [Phe/bin] x R2)

integ. aerosol transmission T(h)

Analysis of LIDAR data

1. Detection of the return signal

* Number of backscattered photons as a function of

height above the MAGIC telescopes

Ik
Ax10°

2. Extraction of the extinction profile
* Backscattered photons reveal the extinction due to excess

aerosols (e.g. clouds, Calima,... ) in the atmosphere
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3. Generation of the transmission curve

e Resulting integral transmission due to excess aerosols
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LIDAR fires at 532 nm

Characterizes the aerosol extinction at 532

nm

Wavelength correction

470

460

Wavelength (nm)

450

440

430

Average Cherenkov light detected by MAGIC

camera ranges from 390 to 410 nm (Zd < 62°)

—> Mean at 400 nm

420

410

400

390

Aerosol extinction is higher at shorter

wavelengths!
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Adjusting the aerosol extinction

— —A
o~ — o )\Cher
NCher LIDAR

Non-dusty periods (Tground-layer > 0.93):

532 nm

400 nm

—(1.240.4)
O gher,non—dusty — CLIDAR ° ( =25 nm) = aLpAR - (1.41 £ 0.16)

Dusty periods / Calima:

400 nm

—(0.60.3)
O Gporcalima — QLIDAR - (532 nm) = avmAr - (1.19 £+ 0.10)

14/07/22

Correcting MAGIC Telescope data | Felix Schmuckermaier 8



Correction of MAGIC data

Correction of the energy: Correction of the effective area:
* Number of emitted photons proportional to * A4 necessary for the computation of fluxes
energy * Decrease of the trigger efficiency due to lower
* Lower transmission results in underestimation of transmission
the reconstructed energy * Impaired showers resemble shower with lower
* Transmission profile allows correction of the energy under perfect conditions
estimated emission profile
510 2 3
g 0.9 7 *8 % collection area correction
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2. Characterization of the performance
of the LIDAR
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Construction of the

Crab Nebula chosen as reference source due to bright
and stable emission
—> Large amount of archival data

Data with T, > 0.95 used to build reference spectra

Data cover time period from mid 2013 until early 2020

Period covers eight analysis periods

Each spectrum fitted with a log-parabola function:

de E o \®-b*0g10(z7zger)
aE - (275 GeV)

Obtained eight reference spectra to compare \j “

uncorrected and corrected impaired data taken under
non-perfect atmospheric conditions
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Range-corrected counts (N - r?)

105

1.0

Aerosol transmission to MAGIC

o
[N

0.0
0

Correction of an example spectrum

=
o
~

[y
o
o

a 6 8
Altitude above MAGIC [km]

12

o
[

o
o

©
IS

4 6 3
Altitude above MAGIC [km]

12

10°10
e No lidar corrections
e With lidar corrections
- = Reference spectrum
=
I
195}
5
§
>
L 10-11.
e 10
Ly
T
~
=
ke
o~
wy
10—12

102

Correcting MAGIC Telescope data | Felix Schmuckermaier

103
Energy [GeV]

104

12




Quantification of the correction

* Divide data into three transmission bins:
* 0.5t00.65 (“low transmission”)
* 0.651t00.82 (“medium transmission”)
e 0.82t00.9 (“high transmission”)

* Fit log-parabola with b fixed to value from reference
Crab spectrum:
do E @ bres*10010(575507)
= (5 e

E2d®/dE[TeVem2s71]
g

Quantifying deviations of fitted parameters in two .
ways:

* |Interms of percentage: Do, = (qqi — 1) - 100
ref

* Intermsof stdv: D, = % with Aq(q;, Clref)

— Average deviations over all nights
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Deviation [o]

Parameter reconstruction:

All transmission (0.5-0.9) bins mixed
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Parameter
reconstruction,
Amplitude, f:

Zenith: — 62",
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Long-term SEDs

Alternative approach: Combine
data over whole observation time
Results in SEDs with maximum

statistics
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3. Summary & Outlook
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Summary & Outlook

* Presented wo
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correction capabiliti e first systematic | igati
itie c invest
5013 until 2020 s of the MAGIC LIDAR over se\I/gear;“:/)en o tfhe
ars, from

e Perform
ance of LID :
transmissi AR corrections were in i
on and zenith regions vestigated for several

* Results wi
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Correcting MAGIC Telescope data taken under
non—optimal atmospheric conditions with atmospheric

profiles obtained with an elastic LIDAR

Felix Schmuckermaierl*, Markus Gaug?t, Christian Fruck't,

Abelardo Moralejo?, Dijana Dominis Prester?, Daniela Dorner, Lluis Font?,
Alexander Hahn!, Sasa Miéanovié4, Razmik Mirzoyanl,
Lovro Pavleti¢?, Julian Sitarek®, Martin willt

1 Ma.a:-Planck-Institut fiir Physik, 80805 Miinchen, Germany

2Departame-nt de Fisica and CERES, Universitat Autonoma de Barcelona, 08193 Bellaterrd Spain

3 [nstitut de Fisice d’Altes Energies (IFAE), E-08193 BellaterT® Spain
4 University of Rijeka, Department of Physics, 51000 Rijeka, Croatia
5 University of Lodz, Faculty of Physics and Applied Informatics, Department of Astrophysics; 90-236 Lodz, Poland
6 Universitdt Wiirzburg, D-970

14/07/22

Correctin
g MA
GIC Telescope data | Felix Schmuckermai
maier

Ll i
DAR at night (Credit: Alexander Hahn)

18



