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MAGIC telescopes

* Two 17m diameter Imaging

Atmospheric Cherenkov

Telescopes located in La Palma,

—— Canary Islands at the height of
- 2200 m.a.s.l.

Scientific operations (first
elescope) since 2004

Energy range: a few tens of GeV.

* Angular resolution ~0.1 deg
* Energy resolution ~15%
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The MAGIC Collaboration Is composed of :
~150 members (~230 in total, including /
engineers, technicians and other staff) from =
12 countries
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Polish participation in MAGIC

e A group in University of £odz is a MAGIC
Collaboration member since its beginning

e Currently the group consists of:

- W. Bednarek (member of Time Allecation
Committee)

= P Gliwny.
- J. Sitarek (Seftware coendinaior, AGN-convener)
- D. Sobczynska (member of Software Board)



One Instrument - many: scientific targets

X MAGIC J2031+4134 + PSR J2032+4127
O MAGIC J2032+4127 ¢ Cygnus X3 I

am
RA (J2000)

Abeysekara et al. ApJL (2018), 867, L19

Galactic sources:
Pulsars, PN
SNR, Binares

MAGIC+Fermi-LAT (D11, stat only)

Acciari et al., MNRAS 2019

Eundamental physics:
Dark: maiter, LIV,
EBL, IGME & cosmology.

Ansoldi et al., ApJL (2018), 863, L10

AGNS:
BL LLacs;, FSROS,
Radie galaxies




PSR J2032+4127/MT91 213 binary
- once In a lifetime encounter

e PSR J2032+4127/MT91 213 is a ;
binary system of a pulsar with a 2
Be star.

* The period of the binany Is ~50
years with the most recent
periastron passage on 13t of Nov
2017

» Close enceunter ofi the pulsar
and the star prevides;unigue
conditions for acceleration o
particles and gamma ray.
emission

« MAGIC and VERITAS telescopes
observed the source during the l
encounter

A
PSR wind | /




PSR J2032+4127/MT91 213 vs TeV J2032+4130

* The binary system lies at 200 e —————————————
the edge of an extended SR R A
steady gamma ray seurce
TeV J2032+4130 (possibly
the nebula ofi the pulsar)

* One of only a few: TeV.
pinaries knewn, and enly. a
second ene with the: nature
and properties of the "
compact object firmly
esta Dl iS h ed Abeysekara et al. ApJL (2018), 867, L19




Light curve of gamma ray emission

2016-Aug 2016-Dec 2017-Apr 2017-Aug 2017-Dec 2013-Apr

e Strong enhancement
of gamma-ray.
emission during the
periastron (Variability
Py an| erder of
magnitude: in fiux)

E Fy (0.3-10 keV)

e The gamma-ray light
curve does not strictly
follow the shape of
the X-ray one
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Abeysekara et al. ApJL (2018), 867, L19



Closer look

 Adrop in VHE
gamma-ray light
curve 7 days after
periastron IS similar
to the dip In PSR
B1259-63/ILS 2883,
WhICh was attiibuied
to photon-photen
absorption




Active Galactic Nuclel

s, blazar
« AGNs are central parts of some %

galaxies <

s :
Narrow Line

 Very bright and very variable non- . b Narrow
thermal emission from radio up to @ : R
y, ] Broad Line

TeV energies v

» AGN seen along|the barrel ofi the Jet
jet Is called a hlazar, characterized

Py enhanced and strengly: varanble Black _
emission ree D
» Classical model for VIHE emission: & .
active regions moving along the jet / ®,
Obscuring

INn which charged particles (leptons  oris
and possibly also hadrons) are
accelerated in shocks e

Weekes 2003

Accretion




Follow up of lceCube-170922A

* MAGIC has an
ongoing follow-up of
multiwavelength; and
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lceCube-170922A  FEes - N
resulted inthe AT s
. 46°
deteCtlon Of o Hi;t-iscen:ifr: e o
TXS 0506+056 Aartsen et al., Science (2018), 361, eaat1378

blazar by MAGIC
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Rich MWL fellow up (and historical

observations) of TXS 0506+056
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* VHE detection during a high HE state

* Chance coincidence of gamma-ray flare with neutrino is disfavoured at 3o level
(including look elsewhere effect of previous alerts) — first such high association
probability of a neutrino with a blazar




Looking deeper in VHE emission of
TXS0506+056

« MWL mOdEHing a1 I e e oo
shows that despite
association with
the neutrino Mmost
of the HE and
VHE emission iIs ) A
proeduced by I B R I
|EPtONIC PrOCESSES R o e

MAGIC 58029-30
=== g- Sync. sheath MAGIC LS
= 55C Fermi-LAT
= EC NuSTAR 58025
YT cascade NuSTAR 58045
L osync, Swift/XRT 58029
BH cascade Swift/XRT 58030
total EM Swift/XRT LS
D, & KVA
uvaT
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Gamma-rays

from jet of Quasar **

Absorption in EBL

iy Mk_ﬁi._,w\}

Enmitted spectrum.
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Observed spectrum

" low'absorption -

E

* During the propagation

through intergalactic
space the gamma-ray
spectra get attenuated
In extragalactic
background light

By making some basic
assumptions about the
Intrinsic spectrum the
effect can be used for
studies of EBL and
thus ef evolution of
galaxies

14



EBL effect on a population of blazars

* 32 individual spectra of 12
blazars covering redshift up
to ~1 observed with MAGIC

* Analysis of
contemporaneous Fermii-
LAT data in GeV range

* Careful analysis of
systematic effects (Energy.
scale of telescope, choice
of Intrinsic spectral type,
EBL evolution model, ...
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Constraints on EBL

MAGIC+Fermi-LAT (D11, stat only) Dube 1979/Leinert 1998 UL
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. Hauser at al. 1938 (DIRBE/FIRAS)
Total uncertainty '
Gardnear et al. 2000 (STIS)

Lagache et al. 2000 (MREE)

Wright & Reese 2000 (DIRBE)

+ O 0O

Elbaz et al. 2002 150)

AF, [nW m@ sr]

Fazio et al. 2004 (SPITZER)

¥u et al. 2005 (GALEX)

Levenson & Wright 2008 {SPITZER)
Béthermin et al. 2010 (SPITZER)

Matswura et al. 2010 [AKARI)
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Vayer at al. 2011 (HST)

Zemcov et al. 2014 (CIBER)

* I

Crriver et al. 2016

Dominguez+ 2011

Droeale & Arendt 1998 (DIRBE)
Finkbeiner et al. 2000 (DIRBE)
Giorjian et al. 2000 {DIRBE)
Madau & Pozzetti 2000 (HST)
Cambrefsy et al. 2001 (DIRBE/2M:
Matcalfe at al. 2003 (1S0)
Papovich et al. 2004 (SPITZER)
Frayer et al. 2006 (SPITZER)
Berta el al. 2010 (Harschel/PEP)
Keenan et al. 2010

Matsuoka et al. 2011 (Pioneer 1041
Penin et al. 2012

Matsumoto et al. 2015 (IATS)

Matfila et al. 2017

Accianietall;, MNRAS 2019

 EBL density consistent with state-of-art models
* 1o upper bounds on the EBL density (including systematic

uncertainties) is 13-23% above the nominal value from the model
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MAGIC observations of GRBs

* MAGIC from the start was designed for rapid follow up of
GRBs.

* |t can perform a half-turn in Azimuth direction in about 25s
* Over 100 GRBs observed by MAGIC so far, but many:

— At high redshit

(strong e

absorption) o
~ At high zenith

(high

threshold)

— > 100 s after
alert
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The first GRB detected by IACT

First time detection of a GRB at sub-TeV
Thanks to the low energies; MAGIC detects the GRB 190114C

redSh |ft Of the ATel #12390; Razmik Mirzoyan on behalf of the MAGIC Collaboration

on 15 Jan 2019; 01:03 UT

G R B (Z—O 42 Credential Certification: Razmik Mirzoyan (Razmik.Mirzoyan@mpp.mpg.de)
- ]

Subjects: Gamma Ray, =GeV, TeV, VHE, Request for Observations, Gamma-

GCN #23708) we = [t

Were able '[() Referred to by ATel #: 12395, 12475

deteCt a Strong The MAGIC telescopes performed a rapid follow-up observation of GRB

190114C (Gropp et al., GCN 23688; Tyurina et al., GCN 23690, de Ugarte

Signa' from |t aven Postigo et al., GCN 23692, Lipunov ef al. GCN 23693, Selsing et al. GCN

23695). This observation was triggered by the Swift-BAT alert; we started
observing at about 50s after Swift TO: 20:57:03.19. The MAGIC real-time

Wlth |ncreased analysis shows a significance >20 sigma in the first 20 min of ul:;servatinns

(starting at T0+450s) for energies =300GeV. The relatively high detection

ener threShOId threshold is due to the large zenith angle of observations (>60 degrees) and
gy the presence of partial Moon. Given the brightness of the event, MAGIC will

continue the observation of GRB 190114C until it is observable tonight and

due to hlgh Zenlth also in the next days. We strongly encourage follow-up observations by other

instruments. The MAGIC contact persons for these observations are R.
Mirzoyan (Razmik. Mllzmanmmppmpq de) and K. Noda (nodak@icrr.u-

angle Observatlons tokyo.ac.jp). MAGIC is a system of two 17m-diameter Imaging Atmospheric

g ; Cherenkov Telescopes located at the Observatory Roque de los Muchachos on
durln moon tlme the Canary island La Palma, Spain, and designed to perform gamma-ray
g astronomy in the energy range from 50 GeV to greater than 50 TeV.

Stay tuned for more results about GRB 190114C !




Working tegether with MAGIC:
external proposals

» Since two cycles MAGIC Collaboration offers a possibility
for external scientists to apply for observation time (last
year 5 out of 50 proposals were from external scientists)

* The call for the next cycle Is net yet announced, however
the submission deadline will'be areund November

s A pHorcontactWitipVIAGIC MEMBENS IS strongly:
encolragedNeRappIVInESEIEnIStSHESRECIalN I they. are
glocifelnn Y rl= cjeirnlrnei=raty flelcl).

* See https://magic.mpp.mpg.de/eutsiders/magicop/ for
details
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Conclusions

* MAGIC telescopes after over 15 years of operations still
provide excellent science to the community.

e Two recent milestone results:

— Detection of emission from TXS 0506+056 following an IC alert
— First detection of a GRB by a IACT:

* |Imporance eiRhengrat ineNgniESeURCE IRfthie Hght moement:
fellow: up of alerts and phaysics motivated time: of elhservations

e Possibilities to collaborate with MAGIIEC:

- MWL programs
- External observation proposals

20
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JACT technigue

A gamma-ray entering the
atmosphere interacts with a nucleus
producing e*e- pair

The ere- pairs create secondary
gamma-rays in Bremsstrahlung
Process

An electremagnetic cascade
propagates throughithe atmesphere

As the ere- move faster thenighiin. S
the atmosphere they: preoduce: shont §
and faint flashes of UV-visible light

Ground telescopes register these
flashes and make an image of each
event

/
/ gamma-ray
[

e
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