hic sunt futura !‘1

JEEI=ERAB INEBULA SEEG RIS

UN

B

Major Atmospheric I N F N

Gamma

Cerenkov Telescopes  Istituto Nazionale di Fisica Nucleare

Imaging

ce2 O

A JOGLTE Y

M ERSIUIR{E

DR = M A

RWVERY LARGE ZENIFESTA N E S

Michele Peresano™, Razmik Mirzoyan, levgen Vovk, Petar Temnikov, Darko Zaric, Nikola
Godinovic, Juliane van Scherpenberg and Juergen Besenrieder for the MAGIC
Collaboration

*currently at CEA-Saclay / Irfu

|ICRC 2019 - Madison, USA - July 30th



OUTLINE

Introduction

* Crab Nebula at the highest energies

* Why larger zenith angles!

* Very Large Zenith Angle observations
Methods

» Data analysis overview

* Systematics overview

Results

Summary



CRAB NEBULA AT HIGHEST ENERGIES

Leptonic models used frequently to describe broad-band emission

Notable models weak at keV = MeV and GeV — TeV data

10° — : : __| —*— MAGIC data 10° — . ‘ __| —*— MAGIC data
F Systematic uncertainty . 5 Systematic uncertainty

. | —=— Fermi-LAT data

. | —=— Fermi-LAT data

MTR model (total)

(TeVcem?s™)

MHZ model (total)

dN
dEdAdt
3

E2

10"}

102} 5

10712

E (GeV) E (GeV)

MAGIC and Fermi-LAT data [ | | against MHZ [2] (left) and MITR [3] (right) models

* The |0 = |00 TeV energy range can be useful to probe both regimes



WHY LARGER ZENITH ANGLES?

* Y-ray count rate drops fast at £ >10 TeV

IACTs effective collection areas limited by Cherenkov light-

cone from Y-ray induced showers
2 iImmediate solutions

Bigger arrays of IACTs (e.g. CTA)

Very Large Zenith Angle observations (this work)



VERY LARGE ZENITH ANGLE OBSERVATIONS

bigger collection areas

|mprc.>ved SenSItIYItY increased light attenuation
at higher energies

increased operational range

for IACTs
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See also VLZA technique poster - Session 3 #86, PoS(ICRC2019)828



DATA ANALYSIS OVERVIEW

» Optimizes standard approach for VL.ZA data

gedenic Carlo : tuned simulations 707 = 80 4@

« Atmospheric absorption : use bright stars to estimate

optical absorption along Cherenkov spectrum

» Data guality : cross-correlation between multiple
MAGIC subsystems

e stars In FoV, Direct Current, Stereo linigoerReiEs
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SIEOORPTHON AND ENERGY ESTEINMANREIR
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Additional estimate of energy uncertainties via up to 5% MC light-scaling: bias < 35%
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MESINFIE C ARLO TO DATA COMPARISEIN
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« Charge in cleaned image > 50 phe
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OVERVIEW OF SYSTEMATICS

» Mostly compatible with latest estimation of

MAGIC hardware performance [5, 6]

» VLZA systematics affects mainly reconstruction

techniques performances

Flux normalization | Spectral slope

Atmosphere transmission B vl e = (002

Summary of the MAGIC Crab Nebula VLZA observations systematics



RESULTS (1)

Collection area, km?

After data
selection cuts

Enersy threshold : | TeV @ 70° Zdh = [US[EVA@REEEES

Effective time : ~50 h of good-quality data

Collection area : already up to ~ 2 km” @ 70 TeV
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RESULTS (2)

Crab Nebula SED up to 100 TeV : highest IACT measurement to date
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RESULTS (3)
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SUMMARY

What we did

/0° to 80° IACT observations
pointing to Crab Nebula
auxiliary atmospheric monitoring
dedicated systematic studies

tallored MC simulations

What we found

MAGIC Crab observations extend
Uity 00 ey

Competitive PSF

Improved effective collection area
compared to low-zenith
observations

Independent confirmation for
> |00 TeV emission
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Number of Starguider reports

s O UA IR PROC ED GRS

* high rate + enough stars:

not necessarily “bad”, simply higher DC
BeEaieach DC level

and each wobble + low rate + few stars : absorption

* high rate + few stars: diffusion
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MISEGINFING SYSTEMATICS AND PSE ESHEINMZE USRI

+ Addrtional estimate on telescopes mispointing

« kit Nebula's total angular profile vs MAGIC PSF [5]
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