The MAGIC Telescopes

Status and recent results
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The MAGIC
Telescopes

—

Africa

—

Stereoscopic System

2 Imaging Atmospheric
Cherenkov Telescopes

17 m diameter, 240 m? each

Operated for 12 years
(7 years in stereo mode)




The MAGIC Collaboration

~170 scientists working in institutes from countries across the world:
Bulgaria, Croatia, Finland, Germany, India, Italy, Japan, Poland, Spain, Switzerland
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MAGIC: very fast movement (30s)

Alessandro De Angelis



Fast DAQ

Camera:
~1m J, 3.5°FoV
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Analogical
Transmission
(optical fiber)
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Trigger
DAQ > 1.6 GHz
Event rate ~“300 Hz



An AMC System

All AMC
Lasers
switched on
during foggy
night

(nice
propaganda
picture;
does never
look like that
during
operation ...)



E :
Performance of MAGIC NETgy range |
50 GeV (30 GeV Sum-Trigger)

in a nutshell Up to 50 TeV

Energy resolution:
15% (@ 1 TeV) — 20% (@100 GeV)
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The MAGIC sky






Galactic Physics with MAGIC




Crab Nebula: from SR to IC to...

Aleksic et al. (MAGIC) JHEAP, 5, 2015

« Spectrum from 30 GeV to 30 TeV

« Together with Fermi-LAT, good coverage
of the IC peak
« Cross-calibration

« Large zenith angle observations to
explore range — ~80 TeV

A deeper insight on the most
studied source at VHE



Crab Pulsar at TeV Energies

m Implications for emission
» Inverse Compton

» Synchrotron-curvature ruled out 400

» Strong constraints to models GeV
Ansoldi et al.,
A&A 582 (2016) A133

8 years of data, 320 hours! E > 400 GeV P1
P2 P1
6.00 220
<2TeV <500 GeV

Ansoldi et al., A&A 582 (2016) A133

MAGIC Highlights — Blois 2016



A look to the Geminga pulsar



AGN Physics with MAGIC




AGN studies: a cooperative effort

Usually, VHE pointings on flaring objects triggered by Fermi
or by X-ray instruments

Sometimes just lucky

Aleksic¢ et al. (MAGIC) Science 346, 2014



MAGIC expands the known VHE gamma-ray Universe

Lowest threshold: furthest AGN detected

For distant sources sub-TeV gamma-rays are
absorbed in extragalactic background light

Strong absorption above
~100 GeV for z~1 source

FSRQ Redshift First VHE detection by: Year
3C 279 0.536 MAGIC 2006
PKS 1510-089 0.361 HESS 2009
PKS 1222+216 (4C +21.35) 0.432 MAGIC 2010
B0218+35 0.944 MAGIC 2014
PKS 1441+25 0.939 MAGIC 2015
S4 0954+65* N AR MAGIC 2015




Our ennemy: opacity of the Universe
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Y ray energy (TeV)



The diffuse extragalactic background light (EBL) is all the accumulated
radiation in the Universe due essentially to star formation processes
This radiation covers a wavelength range between ~0.1 and 600 um
(consider the redshift and the reprocessing)
After the CMB, the EBL is the second-most energetic diffuse
background
The understanding of the EBL is fundamental

* To know the history of star formation

* To model VHE photon propagation for extragalactic VHE

astronomy. VHE photons coming from cosmological distances are

attenuated by pair production with EBL photons. This interaction
is dependent on the SED of the EBL.

Therefore, it is necessary to know the SED of the EBL in order to
study intrinsic properties of the emission in the VHE sources

The lowest-E threshold telescopes (MAGIC, in the future the CTA LST)
can do it better

EBL and the y-ray horizon are one of the key programs of MAGIC ™



Ground
-based
detectors







MAGIC keeps improving

e 2004 — MAGIC-I built

e 2007 —upgraded MAGIC-I readout « 2011-2012 —upgrade of readout systems
e 2009 — MAGIC-II built and MAGIC-I trigger and camera



FSRQ at redshift ~ 1: S3 0218+35



FSRQ at redshift ~ 1 : PKS 1441+25

FSRQ at z=0.939
Flare in April 2015 - Discovery

Spectrum consistent with
current EBL models



Periodic signal from PG 1553+113 (z~0.5)?

Ackermann et al., ApJL 813, 2015

2009 2011 2013 2015
E >1 MeV
E >100 MeV
E >100 MeV, 20 days bin

Fermi Collaboration has reported the
detection of periodic signal (T=798 d)

Since 2014, intense MWL campaign

Well known at VHE, sparse sampling
since 2005
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VHE data with MWL coverage may shed light on the underlying mechanism



Constraints on EBL (a KOP for MAGIC)



Constraints on EBL

1ES 1011 +496, HBL at z=0.212
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12 hours of good data,
Spectral points up to optical depth t=4
EBL scaling factor = 1.07(+0.24-0.20)sta+sys




Summary of results on EBL



Possible tension with data?

Although overall EBL ~OK, there are some (marginal) indications of possible
distortions ofthe spectra from far AGN

* Conversions of ys into Axion-Like Particles might reduce the opacity of the universe
in particular energy ranges

— 2007: De Angelis, Roncadelli, Mansutti (PL B659, PR D76)

— 2007: Hooper & Serpico (PR D77), Mirizzi et al (Phys.Rev.D76)
— 2008: Sanchez-Conde et al (PR D79)

* Can this effect be detected also using anisotropies? a



A win-win game: if no anomalous physics,
determination of cosmological parameters

* Fluxes of VHE photons
reaching the Earth have
been attenuated due to the
EBL density from observed
spectra

=> Determine cosmological
constants from observed HE
spectra vs. fitted from lower
energy

(Blanch & Martinez 2005; Dominguez & Prada 2013)

Cosmology

@




Dark matter
searches

The Milky Way is
surrounded by small
satellite galaxies

Close to Earth
(25 kpc to 250 kpc)

Optical Luminosities
range from 103 to 107 L

Astrophysically inactive

Most dark matter
dominated objects
known

30 kpc




Dark matter searches: results

Large exposure (158h) of Segue 1
dSph galaxy

Result acknowledged by PDG

Combining MAGIC with Fermi
data to further improve the limits

New inclusive analysis approach
that is able to combine data from
other detectors
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Summary



v-ray detection: signal vs. background

* |s Crab Nebula easy to detect?

* Suppose to have a 100 x 100 m? detector with a
resolution of 1 square degree:
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Conclusion: you need large effective area, good angular
resolution, proton rejection

Alessandro De Angelis 33






