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Overview
➢ Very high energy astrophysics with MAGIC telescopes

➢ EHE-170922A follow-up observations: the MAGIC history

➢ MAGIC detection of TXS 0506+056

➢ Discussion and conclusions
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Very high energy astrophysics with 

MAGIC telescopes
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Cherenkov telescopes
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VERITAS

Major IACTs in the world

H.E.S.S.

MAGIC
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Imaging

Atmospheric

Cherenkov

Telescopes

IACT
The idea

M1

M1

M2

M2

Credits: Luca Foffano
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MAGIC telescopes

SIGNAL 
TRANSPORT

IPEIPEIPECENET

ACQUISITION SYSTEM

MIRRORS
   STRUCTURE

 CAMERA

Weight ~70 tons
Speed up to 7 deg/s

17m dish
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MAGIC telescopes
moving fast!
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MAGIC telescopes
➢ Energy range from ~50 GeV to ~50 TeV
➢ Energy resolution ~20%
➢ Field of view of about 3.5°
➢ Angular Resolution ~0.1°
➢ Integral sensitivity (5 σ in 50 hours) ~ 0.6% CU > 250 GeV of

Crab Nebula VHE flux

MAGIC I (2004)
MAGIC II (2009)MAGIC I (2004)

104

Energy [GeV]

→ “The major upgrade of the MAGIC telescopes, Part II: 
A performance study using observations of the Crab Nebula”

Astroparticle Physics – arxiv 1409.5594
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MAGIC observational program

Blazars

Starburst galaxies

GRBs

Galaxy clusters

Supernova remnantsSupernova remnants

Pulsar

Radio galaxies

Unidentified objects

X-ray binaries

Dwarf galaxies

Transient sources GW follow-up obs

Neutrino follow-up obs

FRB follow-up obs

?
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MAGIC Transient follow-up

● Gamma Ray Bursts (GRB)
● Each year 50h reserved
● ~ 100 GRBs observed so far
● Prompt follow-up and late-time observations
● Hint of signal in short GRB 160821B at z=0.16 (paper in preparation)

● Neutrinos

● Gravitational Waves (GW)
● Joined the LIGO/Virgo call for identification and follow-up in 2014
● Several alerts observed
● Prompt follow-up and dedicated analysis in preparation

● Fast Radio Burst (FRB)
● MWL observations since 2016 of repeating FRB121102

Each year about 15% of total observation time
Automatic alert system
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MAGIC telescopes
and the VHE sky

Today

Credits: http://tevcat.uchicago.edu/
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Today

Credits: http://tevcat.uchicago.edu/

MAGIC telescopes
and the VHE sky
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EHE-170922A follow-up
 observations: the MAGIC history
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Original neutrino alert

///////////////////////////////////////////

TITLE:            GCN/AMON NOTICE
NOTICE_DATE:      Fri 22 Sep 17 20:55:13 UT
NOTICE_TYPE:      AMON ICECUBE EHE 
[...]
SRC_RA:            77.2853d {+05h 09m 08s}
SRC_DEC:           +5.7517d {+05d 45' 06"} 
[...]
SRC_ERROR:        14.99 [arcmin radius, 
                  stat+sys, 50% containment]
[...]
DISCOVERY_TIME:   75270 SOD {20:54:30.43} UT
N_EVENTS:         1 [number of neutrinos]
[...]
ENERGY :          1.1998e+02 [TeV]
SIGNALNESS:       5.6507e-01 [dn]
CHARGE:           5784.9552 [pe]
[...]
 

43 s after 
event

September 22nd
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Original neutrino alert

43 s after 
event

September 22nd

//////////////////////////////////////////////

TITLE:            GCN/AMON NOTICE
NOTICE_DATE:      Fri 22 Sep 17 20:55:13 UT
NOTICE_TYPE:      AMON ICECUBE EHE 
[...]
SRC_RA:            77.2853d {+05h 09m 08s}
SRC_DEC:           +5.7517d {+05d 45' 06"} 
[...]
SRC_ERROR:        14.99 [arcmin radius, 
                  stat+sys, 50% containment]
[...]
DISCOVERY_TIME:   75270 SOD {20:54:30.43} UT
N_EVENTS:         1 [number of neutrinos]
[...]
ENERGY :          1.1998e+02 [TeV]
SIGNALNESS:       5.6507e-01 [dn]
CHARGE:           5784.9552 [pe]
[...]
 

Trying to trigger 
observations…

BAD WEATHER

September 22nd
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Fermi-LAT flare alert

● Fermi-LAT Collaboration followed-up the IceCube-170922 error circle

● They found that TXS 0506+056 was showing brightening in GeV band 

● Hard spectrum in HE band → ask for triggering VHE observations

September 27th 
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TXS 0506+056

Good detection

Black hole

Accretion 
disk

Relativistic 
jet

Relativistic 
jet

Magnetic 
fileld lines
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TXS 0506+056

Archival data (SSDC website)
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TXS 0506+056

Ref.: Fossati et al 1998 

FSRQ

LBL

IBL

HBL

EHBL

Archival data (SSDC website)

TXS 0506+056 shows a 
synchrotron peak 
around 1014 Hz 
→ classified as LBL/IBL

VHE
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TXS 0506+056
redshift estimation

Simona Paiano et al. 2018
Accepted for publication in ApJ

A special observational campaign with GTC optical 

telescopes in La Palma island, led to report:

“We obtained an unprecedented high S/N spectrum of the 

BL Lac object 

TXS 0506+056, that it is the likely counterpart of the 

IceCube neutrino event. 

On the basis of three faint emission lines, we found the 

redshift is ”

z = 0.3365 ± 0.0010
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EHE follow-up observations from telescopes 
all over the world
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MAGIC detection of TXS 0506+056
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MAGIC detection
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Discussion and conclusions
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Discussion

Several questions arising after TXS 0506+056 detection

● TXS 0506+056 is the likely counterpart of the IceCube 

EHE-170922A neutrino event 

→ a new multi-messenger correlation?



MAGIC Collaboration 

  Luca Foffano
  University of Padova, Italy

27

Discussion

Several questions arising after TXS 0506+056 detection

● TXS 0506+056 is the likely counterpart of the IceCube 

EHE-170922A neutrino event 

→ a new multi-messenger correlation?

● Detected at VHE by MAGIC (one of the few VHE-detected IBLs)

→ important info for modelers
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Discussion

Several questions arising after TXS 0506+056 detection

● TXS 0506+056 is the likely counterpart of the IceCube 

EHE-170922A neutrino event 

→ a new multi-messenger correlation?

● Detected at VHE by MAGIC (one of the few VHE-detected IBLs)

→ important info for modelers

●  Can neutrinos be produced efficiently by BL Lac objects?

● - MWL SED appears predominantly leptonic: potential hadronic 

contributions?

● - Evidence of proton acceleration: can it be a source of UHECRs?

→ Constraints from MWL SED including VHE
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Conclusions
● Very exciting results!!! 

● Source variable in VHE γ-rays

● First detection of VHE emission in coincidence with neutrino alert!

● Stay tuned for the upcoming publications: 

- further observations (light curve, spectrum, MWL information)

- theoretical interpretation (multi-messenger modeling, implications 

for blazar physics and UHECRs, etc)
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Conclusions
● Very exciting results!!! 

● Source variable in VHE γ-rays

● First detection of VHE emission in coincidence with neutrino alert!

● Stay tuned for the upcoming publications: 

- further observations (light curve, spectrum, MWL information)

- theoretical interpretation (multi-messenger modeling, implications 

for blazar physics and UHECRs, etc)

Thank you!
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