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Detect 
more sources!

How far can 
we go?

Outer 
gap/polar cap?

Measure 
the !0 shape 

That’s easy! ~1 per year 
expected…

Expect 
the unexpected! 

(detect more sources…)
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Detect 
more sources!

Measure 
the !0 shape 

That’s easy! ~1 per year 
expected…

Expect 
the unexpected! 

(detect more sources…)

2023

http://tevcat.uchicago.edu/

How far can 
we go?

Outer 
gap/polar cap?

Gamma-ray emission processes 
✤ Leptonic/hadronic acceleration 
✤ Blazar zone 
✤ Jet feeding and interactions
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The first sources by MAGIC

• Cooling/acceleration 
mechanism in jets

• LIV constraints

5

0.15-0.25 TeV 

0.25-0.6 TeV 

0.6-1.2 TeV 

1.2-10 TeV 4 min lag

Mrk 501

20 minutes

2005

1st Most cited 
MAGIC  

(only) paper

Markarian 501
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The first sources by MAGIC

• Cooling/acceleration 
mechanism in jets

• LIV constraints
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0.15-0.25 TeV 

0.25-0.6 TeV 

0.6-1.2 TeV 

1.2-10 TeV 4 min lag

Mrk 501

20 minutes

2005Markarian 501

• Detection of first new sources 
1ES1218+30.4, LSI +61 303, Mrk 180, 
1ES1011+496, PG1553+113

• Limits on GRB 050713A and other GRB

1st Most cited 
MAGIC  

(only) paper



20th Years of the MAGIC telescopes and collaboration                                                                                  Antonio Stamerra (INAF-OAR)                                                                                                            Hotel Taburiente, La Palma - 5 October 2023

KVA

RXTE

The first sources by MAGIC

• Cooling/acceleration 
mechanism in jets

• LIV constraints
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0.15-0.25 TeV 

0.25-0.6 TeV 

0.6-1.2 TeV 

1.2-10 TeV 4 min lag

Mrk 501

20 minutes

2005Markarian 501

BRUNO ROSSI X-RAY 
TIMING XPLORER (RXTE)

KVA

1st Most cited 
MAGIC  

(only) paper



★ no cutoff up to ~130 GeV 
✓ no internal absorption due to UV radiation of the BLR 
➡ emission region outside the BLR! 
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Evidence of blazar zone outside the BLR
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MAGIC Coll. ApJL 730 (2011)

deabsorbed/intrinsic      

                       observed

BLR: broad line region

PKS 1222+216 (z=0.435) - a flat 
spectrum radio quasar (FSRQ) 

MeV-GeV
➡ Fast variability (10 min) 
✓ Small emitting region

2011

TeV

Fermi/LAT
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MAGIC Coll. ApJL 730 (2011)

deabsorbed/intrinsic      

                       observed

BLR: broad line region

PKS 1222+216 (z=0.435) - a flat 
spectrum radio quasar (FSRQ) 

MeV-GeV TeV
➡ Fast variability (10 min) 
✓ Small emitting region

4th Most 
cited MAGIC 
(only) paper

2011

Marscher&Jorstad 2010

Nalewajko&Sikora 2009

Sironi&Spitkowski 2014

⌑ Recollimation                          
Marscher 1980, Bromberg&Levinson 2009

⌑ Magnetic Reconnection               
Giannios 2009, Sironi&Spitkowski 2014

⌑ Reconfinement shocks         
Nalewajko&Sikora 2009, Stawarz 2006

⌑ Compact region embedded  
Marscher&Jorstad2010, Ghisellini&Tavecchio 2008



• Nearby radiogalaxy (intermediate FR-I and BL Lac) 

•  z=0.0019 (~80 Mpc) in the Perseus Cluster 

• MBH = 1-7·108 Mʘ  ⇒  ∆t
BH 

=8 min–1hour 

• single jet - VLBI (5GHz): θ ≤ 20° "<6 

• Serendipitously discovered in VHE by MAGIC 

• Fast TeV variability ~minute

Down to the SMBH: the case of IC 310

10

Emission region ≤ δ·0.2 RSch ≤ ~ RSch  

Possible scenarios 

• Jets-in-jet (magnetic reconnections) 
• Star or cloud entering the jet (hadronic emission) 
• Magnetospheric model (~pulsar)  

Each scenario corresponds to different radiation properties 
at the base of the jet, near the BH horizon

12/13th November 2012

2010-2014
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Detect 
more sources!

Measure 
the !0 shape 

That’s easy! ~1 per year 
expected…

Expect 
the unexpected! 

(detect more sources…)

2023

http://tevcat.uchicago.edu/

How far can 
we go?

Outer 
gap/polar cap?

Cosmology and fundamental physics 
✤ Extragalactic background light (EBL) 
✤ Intergalactic magnetic field (IGMF) 
✤ Lorentz invariance violation (LIV) 
✤ Dark matter signatures
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3C279: FSRQ and the gamma-ray horizon

13

Impact:

• Constraining the EBL

• Study the FSRQ class

• Most distant AGN

2nd Most 
cited MAGIC 

paper

2006-2008
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EBL limits with the Stacking analysis on a set of blazars

• 32 spectra of blazars

• Combined spectrum of Fermi/LAT 

and MAGIC


• Different intrinsic spectral models

• Studies on systematics 

• different EBL models

• different intrinsic models

• different IRF

14

ref.: MAGIC coll. - 2019 - MNRAS, 486 "Measurement of the extragalactic background light using MAGIC and Fermi-LAT 
gamma-ray observations of blazars up to z = 1" https://dx.doi.org/10.1093/mnras/stz943

2019

100 MeV — 10 TeV
➡ Wide range in the EBL spectrum

➡Precision measurements of spectra

https://dx.doi.org/10.1093/mnras/stz943
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ref.: MAGIC coll. - 2019 - MNRAS, 486 "Measurement of the extragalactic background light using MAGIC and Fermi-LAT 
gamma-ray observations of blazars up to z = 1" https://dx.doi.org/10.1093/mnras/stz943

2019EBL spectrum 

Optical Infrared

https://dx.doi.org/10.1093/mnras/stz943
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Detect 
more sources!

Measure 
the !0 shape 

That’s easy! ~1 per year 
expected…

Expect 
the unexpected! 

(detect more sources…)

2023

http://tevcat.uchicago.edu/

How far can 
we go?

Outer 
gap/polar cap?

Gamma-ray pulsars 
✤ The TeV emission zone 
✤ Inverse Compton 
✤ Connection with the PWN
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Pulsars

17

A&A, 585 (2016) A133

Crab pulsar 
Beyond 1TeV 

Geminga

Inverse Compton 
scattering at work

2016-2020

https://www.aanda.org/articles/aa/abs/2016/01/aa26853-15/aa26853-15.html


18

Detect 
more sources!

Measure 
the !0 shape 

That’s easy! ~1 per year 
expected…

Expect 
the unexpected! 

(detect more sources…)

2023

http://tevcat.uchicago.edu/

How far can 
we go?

Outer 
gap/polar cap?

Cosmic ray origin 
✤ Pevatrons 
✤ propagation/diffusion; B-amplification 
✤ Star clusters 
✤ Extragalactic CR reservoir (SB, clusters) 
✤ Connection with neutrinos



Boomerang PWN/SNR G106.3+2.7

• Possible counterpart of 
LHAASO J2226+6057

• Two main regions: head-tail

• Tail up to ~30 TeV, compatible 
with hadronic emission only

19

POTENTIAL PEVATRON, CANDIDATE FOR HADRONIC EMISSION

MAGIC coll., 2023, A&A, 671 

Head

Tail

Pulsar
<1.1 TeV

>6 TeV

2023



RS Ophiuchi

• Recurrent nova in a symbiotic binary
• Latest Outburst in August 2021

• MAGIC initiated a follow up program 
on novae in 2012 (MAGIC coll., 2015, A&A, 58)

• VHE (>100 GeV) data is critical to 
understand emission mechanisms 

•  Hadronic model with a natural proton 
slope ~2 is favoured

• Leptonic models requires ad-hoc break

• Continuing effort with MAGIC on novae

20

A NEW CLASS OF TEV SOURCES WITH AN HADRONIC FLAVOUR

MAGIC coll., 2022, Nature Astronomy, 6

2022



Extragalactic hadronic factories:the #-$ connection

NGC 1068: Starburst galaxy, AGN driven

๏ 3-years of observations by MAGIC

➡ strong constrains on the wind models parameters 
and the corresponding neutrino emission (V. A. 
Acciari et al 2019 ApJ 883 135).

๏ Significant (4.2%) hotspot in IceCube in ~8 years 

➡ To match the estimated neutrino flux and the 
MAGIC UL, gamma internal absorption is 
needed (e.g. Y. Inoue+, 2020, ApJL, 891)

21

STARBURST GALAXIES AS HADRONIC SOURCES

MAGIC UL

Neutrino spectrum

MAGIC Coll., 2019 ApJ 883 135

Fermi/LAT

NGC 1068

IceCube coll., 2019, Phys.Rev.Lett., 124 
IceCube coll., 2022, Science, 378

ICECUBE

2019



Extragalactic hadronic factories:the #-$ connection

NGC 1068: Starburst galaxy, AGN driven
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and the corresponding neutrino emission (V. A. 
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STARBURST GALAXIES AS HADRONIC SOURCES

MAGIC UL

Neutrino spectrum

MAGIC Coll., 2019 ApJ 883 135

Fermi/LAT

NGC 1068

IceCube coll., 2019, Phys.Rev.Lett., 124 
IceCube coll., 2022, Science, 378

ICECUBE

2019

The importance 
of upper limits!



Extragalactic hadronic factories:the #-$ connection

✦ The #-$ connection in TXS 0506+056: low/intermediate peaked blazar (z=0.3365)

✦ Time and physical association of (single) neutrino emission with a flare at 3.5%

23

BLAZARS AS HADRONIC SOURCES

Science 361, eaat1378 (2018) 1 deg

skymap
MAGIC

BLAZARS AS HADRONIC SOURCES? 

2 9 0  T E V

Most cited MAGIC  
paper with 

collaborations
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Detect 
more sources!

Measure 
the !0 shape 

That’s easy! ~1 per year 
expected…

Expect 
the unexpected! 

(detect more sources…)

2023

http://tevcat.uchicago.edu/

How far can 
we go?

Outer 
gap/polar cap?

Time domain and 
multimessenger astronomy 

✤ Gamma-ray burst 
✤ Neutrino counterparts 
✤ Gravitational waves counterparts
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GRB090401-214, Size > 200 phe-, t=12.4 minutes, zd < 30 °, MJD= 54922.1 

Gamma rate is 4.9/min.

2009
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GRBs with MAGIC 

• GRB 050713A: First GRB in the immediate a1erglow phase by a IACT

27

MAGIC coll. ApJL, 641, 2006

20 sec time bin

2005



20th Years of the MAGIC telescopes and collaboration                                                                                  Antonio Stamerra (INAF-OAR)                                                                                                            Hotel Taburiente, La Palma - 5 October 2023

GRB190114C: a brief story of firsts

• 1st GRB detected at the 
teraelectronvolt (TeV) energies

• 1st GRB observed over 20 orders 
of magnitude in energy

• 1st GRB with unambiguous 
detection of a new energetic 
emission component distinct 
from synchrotron

• 1st single broad-band modeling 
of a GRB including both 
components

• Brightest TeV source in the sky 
ever detected (until GRB221009A)

28

2019
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GRB190114C: the high energy SEDs

• Long GRB at z=0.425 
(GCN #23695 #23708)

• Eiso = 3x1053 erg; bright 
GRB, but not exceptional

• VHE photons detected by 
MAGIC, at >100 GeV up 
to ~1TeV  are well beyond 
the burnoff limits

29

MAGIC Coll. et al., Nature,575,459-463(2019) 
https://www.nature.com/articles/s41586-019-1754-6 

Fermi/LAT

Clear indication of a second energetic component

2019
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MAGIC Coll. et al., Nature,575,459-463(2019) 
https://www.nature.com/articles/s41586-019-1754-6 

Fermi/LAT

Clear indication of a second energetic component

2019
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TeV-GRBs: the gamma-ray horizon

31
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http://tevcat.uchicago.edu/

Galactic coordinates

Farthest TeV source
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MAGIC Coll. 2021, ICRC

A steady  growth in performance 

32

Mono  Ethr ~300 GeV

Stereo  Ethr ~100 GeV

8.2%

18.4%

2004

2021

2021

MAGIC Coll. meeting
Würzburg, 2002



Congresso della Società Astronomica Italiana - SAIt                                                               Antonio Stamerra (INAF-OAR)                                                                                                                                                           Camerino - 17 Maggio 2023

The MAGIC Collaboration

33

MAGIC Coll. meeting
München, June 2022

2022

2002



The MAGIC Science

• A wealth of relevant results in the 
20 years long operation of the MAGIC telescopes.

• MAGIC experiment with an observatory flavour 
• observing time open to the external community 

• An opportunity for the engagement of young 
observers and astrophysicists willing to analyse and 
interpret TeV data, with important synergies with 
other instruments, in preparation for the CTA. 

• An opportunity for experts, phenomenologists 
- observers - theoreticians, to develop their 
ideas and research, becoming MAGIC associated 
scientists.

• A large discovery potential is still ahead of MAGIC!
34

The menù: 
➡ Transients: GW search, novae 

Consolidate GRB; FRB searches 
➡ MWL observations on AGN and 

Radiogalaxies (IXPE, EHT,…) 
➡ CR cradles - SNR in MC, massive 

clusters, neutrino counterparts,… 
➡ New ideas! Asteroids occultation, 

interferometry, ….



BACKUP

35



20th Years of the MAGIC telescopes and collaboration                                                                                  Antonio Stamerra (INAF-OAR)                                                                                                            Hotel Taburiente, La Palma - 5 October 2023

A steady  growth in performance 

36

2005 
⇣ 

2008 
⇣ 

2010 
⇣ 

2013

~10-12 erg/cm2/s  (50 hr)

100 GeV Energy threshold [GeV]                            10 TeV

Evolution of MAGIC sensitivity

Mono  Ethr ~300 GeV

Stereo  Ethr ~100 GeV

8.2%

18.4%

2004

2021

✓ Stereo system
✓ Improvements in analysis (e.g. timing information)
✓ Hardware upgrades

1ES 1969+650
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LSI +61 303

38

Albert et al. 2006, Sci 312, 1771

3rd Most 
cited MAGIC 
(only) paper

Super-orbital 
variability of LS I 

+61 303 at TeV 
energies 

Ahnen et al. 2016, A&A, 591, A76

2006

2016

periastron P=26.496d

P=~1610d



Dark matter searches and fundamental physics studies

• 350 hours on four Dwarf galaxies

• Most constraining upper limits 

39

MAGIC coll., 2016, JCAP, 2 

e.g. MAGIC coll., 2020, Phys.Rev. Lett., 125 

2016-2020
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GRB190114C: modeling with SSC a1erglow radiation

• First modelling of broad-band and TeV emission from a GRB

45

SSC model

synchrotron

MAGIC Coll. et al., Nature,575,459-463(2019) 
https://www.nature.com/articles/s41586-019-1754-6 

IC

T: 68-110 s

T: 110-180 s

2019


