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VHE Gamma-ray Sky ;

Source Types

™ PWN TeV Halo
" PWN/TeV Halo TeV Halo
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Credit: TeVCat _go

e > 200 very-high-energy (VHE, > a few tens of GeV) gamma-ray
sources

e Active Galactic Nuclei, Supernova Remnants, Pulsars, GRBs,..

e Great laboratories to study physics in extreme environments
(dense, strong gravity/magnetic field)
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Imaging Atmospheric Cherenkov Telescopes (IACTs)

100 GeV y produced Cherenkov
photons at the ground
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0.1 km? “light pool”, a few photons per m?.

Credit: CTAO Aeff ~ 104 -10° m?2

Credit: A. Moralejo

e |ACT = Atmosphere + Big mirror + Ultra high speed camera

e Suitable for detecting VHE gamma rays
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MAGIC Telescopes .

1039 pixels (PMT) camera

Credit: A. Hahn

Credit: G. Ceribella

e Two 17 m IACTs in stereo mode since 2009 (mono 2003) at La Palma,
Canaries, Spain. 2200 m a.s.l. 20th anniversary &

* Energy range: 15 GeV - 100 TeV
e Angular resolution: ~0.1°. Energy resolution: ~15%. FoV: 3.5 deg.

* Fast slewing (~7 deg/s) thanks to the light structure
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Gamma-Ray Bursts :

Credit: N. Wakabayashi/ICRR
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Brightest explosion in the Universe after the Big Bang

Progenitors: stellar core collapse, binary Neutron Star merger, binary NS-
blackhole merger

Prompt emission: internal shock in jet
Afterglow: external shock of jet with Interstellar Medium

Synchrotron Self-Compton (SSC) mechanism in afterglow had been
predicted and naturally expected to produce VHE photons

IACT observations are important to deepen the understanding of GRB
emission mechanism
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GRB 190114C

Light curves & Timeline Skymap

GRB190114C, MAGIC analysis, post-soft-cuts events in 10-seconds bins

R T m F = = F = * = ® [ - = = I =
w 107 & : - » =
o« B :Started from Zd of 55.8° 1 < g
) ' —1402 © 8
-g- T :q ;10 _g- 3
= — | MAGIC observed (>300 GeV) B ]
s 10 = ! -
T = ' = T
O - | =
o . - — 10
- B Ll SR
[ 1 =
= 10°- % 8o ! -
= ¢ 2f :
= o £ ‘3 :
1 5 slgl : g 1
- 2 . Crab Nebula flux=
T st ke W B s A B . e i e G i S Wi
% b 50 |, 100 150 200
T-T,[s]
56 55 54 53
22 57 \ 62 RA (deg)

Fast repointing (28 s) DAQ stabilization + safe margin (5s)  Spectral Energy Distribution

 Bright long GRB at z =0.42 T

e First detection of TeV emission from GRB. s w:} %\(\ lExtragalactic

£ : back d light:

New type of VHE y-ray source . . ¥absorption
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MAGIC Coll. Nature 575 (2019) 455
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https://www.nature.com/articles/s41586-019-1750-x

GRB 190114C - Science

Extensive Multlwavelength Campalgn SED & Modeling
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— Common emission mechanism . .
E-dep. arrival time delay

e Synchrotron emission excluded, SSC favored

n—+1 AE
e Testing Lorentz Invariance Violation: At=s5——D,(2){ )
competitive limits on the quadratic leading 2o
order of speed of light modification

QG energy scale
Acciari et al. PRL 125 (2020) 021301
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.021301
https://www.nature.com/articles/s41586-019-1754-6

Other GRBs

10-11

SE-D of GR'B 16082.15 . e GRB 160821B: short GRB associated
to a kilonova

® 6GHz@ 4h
© optical @ 2h
® X-ray @ 3h
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| 30 hint of gamma-ray emission

| e |f detected, challenging to explain
with one-zone SSC models
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30 hint of gamma-ray emission
Suda et al. PoS 395 (2022) 797

e 103 |less energetic, but at similar
distance as GRB 190114C

* GRB 201216C: long GRB at z = 1.1

e >50 detection. Farthest IACT
source ever

DEC [deg]

1.15 1.1 1.05 1
RA [h]

| |
Fukami et al. PoS 395 (2022) 788 * The can is open. More to come!
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https://iopscience.iop.org/article/10.3847/1538-4357/abd249
https://pos.sissa.it/395/788/pdf
https://pos.sissa.it/395/797/pdf

RS Ophiuchi

Fermi-LAT + MAGIC spectra strongly favors

Red giant proton acceleration in the nova shock
& B -2.21- 0.08 _-E,/(257:45)GeV ¢ Fermi-LAT & B -0.50= 0.27 ¢ Fermi-LAT
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In proton acceleration
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* A recurrent nova (~15 yrs) in the Milky Way ;.

©

* Accumulation of hydrogen — e~ P
thermonuclear explosion — ... j Ec=const)/,

* First VHE nova detection (Aug. 2021). /
New type of VHE gamma-ray source )

 Minor contribution to Galactic cosmic rays

[G

+ Proton fit

E
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1 2 3
T-To4[days]

Acciari et al. Nature Astronomy, 6 (2022) 689
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https://www.nature.com/articles/s41550-022-01640-z

Geminga Pulsar

Light curves

(a) Fermi-LAT > 5 GeV (c) MAGIC > 15 GeV
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*  Neutron star

(b) Fermi-LAT > 15 GeV
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* First detection of a middle-aged pulsar SED of P2
and the 3rd pulsar detected by IACTs

e Detection between 15 GeV and 75 GeV
thanks to excellent low-E capabilities with ~ %...

special trigger (pazzi et al., IEEE TNS 68 (2021) 7) Coe] 3 *f
—— PLExpFit (B<1) B N

107! 10° 10? 102

e Power-law tail emission interpreted as the
transition from curvature radiation to

: . MAGIC Coll et al. A&A 643 (2020) L14
inverse Compton scattering
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https://ieeexplore.ieee.org/document/9427568
https://www.aanda.org/articles/aa/full_html/2020/11/aa39131-20/aa39131-20.html

HESS+MAGIC+VERITAS 100 GeV-10 TeV
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Black hole e
~ 6.5 x 107 Mg
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Active galactic nucleus
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 Broadband observations during the 2017
Event Horizon Telescope Campaign

* High energy emission cannot be originated at
the same location as mm-band. y-rays can
only be produced in the inner jets (HST-1)
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https://iopscience.iop.org/article/10.3847/2041-8213/abef71

TXS 0506+056

' Blazar (type of AGNSs)

Credit: IceCube/NASA

Declination

e Multimessenger (EM+v) observations of a flaring

y-ray blazar

e Smoking gun of the presence of highly relativistic

hadrons in AGN jets.

AGNSs as ultra-HE cosmic-ray accelerators

 Multiwavelength campaign (2017-2021) with
several flares seen by MAGIC without -

v counterpart

(Acciari et al. Apd 927 (2022) 197, Satalecka et al. PoS 395 (2022) 875)
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https://ieeexplore.ieee.org/document/9427568
https://pos.sissa.it/395/875/pdf
https://www.science.org/doi/10.1126/science.aat2890

Dark Matter

Large zenith observations of Gal. center e Galactic Center: Best limits for

— Higher collection area and energy :
MAGIC Coll ASA 635 (2020) A158 Xx—yy in the 20-100 TeV DM
mass range

e dSphs: Best limits for 9
annihilation channels in the
multi-TeV DM mass range with

Credit: Urs Leutenegger and Jose Ignacio Gil IACTS
DM y-ray lines in the Galactic Center Combined searches for DM
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https://www.sciencedirect.com/science/article/pii/S2212686421001370#!
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Summary & Prospect
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e MAGIC providing unique information about physics in extreme
environments since 2003 (20th anniversary!)

 Discovery of new types of VHE y-ray sources
 Understanding particle acceleration and radiation mechanism
e Testing LIV and searching for DM

e MAGIC collaborating with its younger brother CTA LST-1 to
perform joint observations which improve sensitivity significantly
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