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T H E  T R A N S I E N T  S K Y  A T  V E R Y - H I G H  E N E R G I E S :  T H E  
M A G I C  O B S E R V A T I O N S  I N  A  M U LT I - M E S S E N G E R  C O N T E X T

A N T O N I O  S T A M E R R A   ( I N A F -  O S S E R V A T O R I O  A S T R O N O M I C O  D I  R O M A )  
O N  B E H A L F  O F  T H E  M A G I C  C O L L A B O R A T I O N
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M U LT I M E S S E N G E R  A S T R O P H Y S I C S
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M U LT I M E S S E N G E R  A S T R O P H Y S I C S

• Gravitational waves
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V H E  A S T R O N O M Y  I N  T H E  M U LT I - M E S S E N G E R  D O M A I N :  
T H E  B L A Z A R - N E U T R I N O  C O N N E C T I O N

4

AT M O S P H E R I C   
B A C K G R O U N D

2 9 0  T E V

I C - 1 7 0 9 2 2 A

22 September 2017 
High energy neutrino event 

Uncertainties on direction < 1 deg



Rencontres de Blois ⚜ 2-7 June 2019                 	 	                	 	 	 	 	 	 	 	     Antonio Stamerra (INAF-OAR)

V H E  A S T R O N O M Y  I N  T H E  M U LT I - M E S S E N G E R  D O M A I N :  
T H E  B L A Z A R - N E U T R I N O  C O N N E C T I O N
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AT M O S P H E R I C   
B A C K G R O U N D

2 9 0  T E V

I C - 1 7 0 9 2 2 A
Gamma-ray Flare of TXS0506+056 
In coincidence with the neutrino 
• Low/intermediate peaked blazar (synch 

peak ~10
14

 Hz) 
•  z=0.3365 (Paiano+2018)
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T H E  𝛾 - 𝜈  C O N N E C T I O N  I N  T X S  0 5 0 6 + 0 5 6

✦Relatively small angular uncertainty of the HESE 𝜈  event 

✦The blazar TXS 0506+056 only plausible candidate 

✦Time correlation: TXS 0506+065 in 𝛾 high-state
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MAGIC

Fermi/LAT

C H A N C E  C O I N C I D E N C E  R E J E C T E D  AT  3 𝜎  L E V E L

Science 361, eaat1378 (2018) 
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T H E  𝛾 - 𝜈  C O N N E C T I O N  I N  T X S  0 5 0 6 + 0 5 6

✦Relatively small angular uncertainty of the HESE 𝜈  event 

✦The blazar TXS 0506+056 only plausible candidate 

✦Time correlation: TXS 0506+065 in 𝛾 high-state 

✦Archival analysis in IceCube reveals an excess in 2015, from the same direction!

7
Science 13 Jul. 2018: Vol. 361, Issue 6398 

I C E C U B E  
C U M U L AT I V E
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INTEGRAL

AGILE

Fermi-LAT
HAWC (UL)

H.E.S.S. 
 (UL)

MAGIC

VERITAS. 
 (UL)

Archival  
Observations

Swift/XRT NuSTAR

ASAS-SN 
Kanata 
Kapteyn 
Kiso 
Swift/UVOT

OVRO 
VLA

IC170922

T H E  𝛾 - 𝜈  C O N N E C T I O N  I N  T X S  0 5 0 6 + 0 5 6

✓ association to the EHE170922A at the level of 3𝜎: the 
blazar TXS0506+056 is a good candidate as 
counterpart of the neutrino event EHE170922A 
detected by IceCube. 

‣ Which processes can produce the observed E>100 TeV 
neutrino and justify the observed gamma-ray emission? 

‣ Which is the interplay between the gamma-ray emission 
processes, the hadron acceleration, the jet components 
and structure, the external radiation fields, the 
environment?  

‣ The VHE gamma-ray observations can set limits on the 
maximum energy of accelerated protons? 

‣ The correlation is compatible with the observed neutrino 
diffuse emission and the limits set on the contribution by 
blazars?

8

Science 361, eaat1378 (2018) 

One of the most luminous blazars known. Is it special?

E . M .  E M I S S I O N              𝜸 𝝂

 SED (Spectral energy distribution) of TXS 0506+56 



Rencontres de Blois ⚜ 2-7 June 2019                 	 	                	 	 	 	 	 	 	 	     Antonio Stamerra (INAF-OAR)

T H E  𝛾 - 𝜈  C O N N E C T I O N  I N  T X S  0 5 0 6 + 0 5 6

✓ association to the EHE170922A at the level of 3𝜎: the blazar 
TXS0506+056 is a good candidate as counterpart of the 
neutrino event EHE170922A detected by IceCube. 

‣ Which processes can produce the observed E>100 TeV 
neutrino and justify the observed gamma-ray 
emission? 

‣ Which is the interplay between the gamma-ray 
emission processes, the hadron acceleration, the jet 
components and structure, the external radiation 
fields, the environment?  

‣ The VHE gamma-ray observations can set limits on the 
maximum energy of accelerated protons? 

‣ The correlation is compatible with the observed neutrino 
diffuse emission and the limits set on the contribution by 
blazars?
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M A G I C - C O L L . ,  2 0 1 8 ,  A P J L  -  A R X I V : 1 8 0 3 . 0 4 3 0 0
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T H E  𝛾 - 𝜈  C O N N E C T I O N  I N  T X S  0 5 0 6 + 0 5 6

✓ association to the EHE170922A at the level of 3𝜎: the 
blazar TXS0506+056 is a good candidate as counterpart 
of the neutrino event EHE170922A detected by IceCube. 

‣ Which processes can produce the observed E>100 TeV 
neutrino and justify the observed gamma-ray emission? 

‣ Which is the interplay between the gamma-ray emission 
processes, the hadron acceleration, the jet components 
and structure, the external radiation fields, the 
environment?  

‣ The VHE gamma-ray observations can set limits on 
the maximum energy of accelerated protons? 

‣ The correlation is compatible with the observed 
neutrino diffuse emission and the limits set on the 
contribution by blazars?
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T H E  𝛾 - 𝜈  C O N N E C T I O N  I N  T X S  0 5 0 6 + 0 5 6

✓ association to the EHE170922A at the level of 3𝜎: the 
blazar TXS0506+056 is a good candidate as counterpart 
of the neutrino event EHE170922A detected by IceCube. 

‣ Which processes can produce the observed E>100 TeV 
neutrino and justify the observed gamma-ray emission? 

‣ Which is the interplay between the gamma-ray emission 
processes, the hadron acceleration, the jet components 
and structure, the external radiation fields, the 
environment?  

‣ The VHE gamma-ray observations can set limits on the 
maximum energy of accelerated protons? 

‣ The correlation is compatible with the observed 
neutrino diffuse emission and the limits set on the 
contribution by blazars?
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Aartsen et al. 2017 

B l a z a r s  c a n n o t  
c o n t r i b u t e  m o r e  
t h a n  3 0 %  t o  t h e  

I c e C u b e  d i f f u s e  f l u x

I c e C u b e  d i f f u s e  f l u x  
c o m p a t i b l e  w i t h  a  
s u b - c l a s s  ( ~ 5 % )  o f  

T X S - l i k e  b l a z a r s  
f l a r i n g  ~ 1 1 0 - d a y s  

o n c e  e v e r y  1 0  y e a r s

L O N G I N G  F O R  T H E  N E X T  𝝂 - 𝜸  E M I T T I N G  B L A Z A R . . .

Halzen+2018, arXiV:1811.07439
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C H A S I N G  T H E  A S T R O P H Y S I C A L  S O U R C E S  O F  
N E U T R I N O S  A N D  C O S M I C  R AY S

• Other classes of sources and environments 
producing high-energy neutrinos 

• Jets, blazars 

• Starburst galaxies 

• CR formation from SN explosions and 
interaction with ISM 

• Galactic Winds 
• mildy relativistic 

• molecular outflow 

• CR interactions and cascades

12

Active Galaxy

Rencontres de Blois                  	 	                	 	 	 	 	 	 	 	 	 	 	 	     Antonio Stamerra (INAF-OAR)    	 	 	 	 	 	 	 	 	 	 	 	 2-7 June 2019



Rencontres de Blois ⚜ 2-7 June 2019                 	 	                	 	 	 	 	 	 	 	     Antonio Stamerra (INAF-OAR)

C H A S I N G  T H E  A S T R O P H Y S I C A L  S O U R C E S  O F  
N E U T R I N O S  A N D  C O S M I C  R AY S

NGC1068 as neutrino emitter? Lamastra+2016 
prototypical Seyfert-II galaxy 

	•	distance	D=14.4	Mpc		

	•	composite	starburst/AGN	galaxy	(MBH≈107Msun)		

	•	Luminous	infrared	galaxy	LIR=2.8x1011Lsun		

	•	High	luminosity	(LAGN=1044-1045	erg/s)	  
high	obscured	(NH>1024	cm-2)	AGN

13
Credits:A. Lamastra 
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C H A S I N G  T H E  A S T R O P H Y S I C A L  S O U R C E S  O F  
N E U T R I N O S  A N D  C O S M I C  R AY S

NGC1068 as neutrino emitter? 
prototypical Seyfert-II galaxy 

	•	distance	D=14.4	Mpc		

	•	composite	starburst/AGN	galaxy	(MBH≈107Msun)		

	•	Luminous	infrared	galaxy	LIR=2.8x1011Lsun		

	•	High	luminosity	(LAGN=1044-1045	erg/s)	  
high	obscured	(NH>1024	cm-2)	AGN

14Credits:A. Lamastra 

Starburst
Jet Wind

Lamastra+ 2016, 2019
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C H A S I N G  T H E  A S T R O P H Y S I C A L  S O U R C E S  O F  
N E U T R I N O S  A N D  C O S M I C  R AY S

NGC1068 as neutrino emitter? 
prototypical Seyfert-II galaxy 

	•	distance	D=14.4	Mpc		

	•	composite	starburst/AGN	galaxy	(MBH≈107Msun)		

	•	Luminous	infrared	galaxy	LIR=2.8x1011Lsun		

	•	High	luminosity	(LAGN=1044-1045	erg/s)	  
high	obscured	(NH>1024	cm-2)	AGN

15Credits:A. Lamastra 

1 2 5  H O U R S  O F  O B S E R V AT I O N S  W I T H  M A G I C  
F R O M  J A N U A R Y  2 0 1 6  T O  J A N U A R Y  2 0 1 9  

paper in
 preparation

Starburst
Jet Wind

Lamastra+ 2016, 2019
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C H A S I N G  T H E  A S T R O P H Y S I C A L  S O U R C E S  O F  
N E U T R I N O S  A N D  C O S M I C  R AY S

NGC1068 as neutrino emitter? 
prototypical Seyfert-II galaxy 

	•	distance	D=14.4	Mpc		

	•	composite	starburst/AGN	galaxy	(MBH≈107Msun)		

	•	Luminous	infrared	galaxy	LIR=2.8x1011Lsun		

	•	High	luminosity	(LAGN=1044-1045	erg/s)	  
high	obscured	(NH>1024	cm-2)	AGN
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1 2 5  H O U R S  O F  O B S E R V AT I O N S  W I T H  M A G I C  
F R O M  J A N U A R Y  2 0 1 6  T O  J A N U A R Y  2 0 1 9  

Credits: Tessa Carver (Workshop on Neutrino Telescopes) Francis Halzen (CTA 1st Science Symposium) paper in
 preparation
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1 2 5  H O U R S  O F  O B S E R V AT I O N S  W I T H  M A G I C  
F R O M  J A N U A R Y  2 0 1 6  T O  J A N U A R Y  2 0 1 9  

paper in
 preparation

C H A S I N G  T H E  A S T R O P H Y S I C A L  S O U R C E S  O F  
N E U T R I N O S  A N D  C O S M I C  R AY S

NGC1068 as neutrino emitter? 
prototypical Seyfert-II galaxy 

	•	distance	D=14.4	Mpc		

	•	composite	starburst/AGN	galaxy	(MBH≈107Msun)		

	•	Luminous	infrared	galaxy	LIR=2.8x1011Lsun		

	•	High	luminosity	(LAGN=1044-1045	erg/s)	  
high	obscured	(NH>1024	cm-2)	AGN

17
Credits: Tessa Carver (Workshop on Neutrino Telescopes) Francis Halzen (CTA 1st Science Symposium) 

NGC1068!
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T H E  M A G I C  T E L E S C O P E S :  
A  T R A N S I E N T  FA C T O R Y

18
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Haunting transients: MAGIC has the required performances 
• Low energy threshold 
• pointing speed ~7 deg/s with automatic repointing on valid GCNs 
• Observations in moon-time 
• Big effective area ➠ photon statistics

T E V  T R A N S I E N T S  W I T H  M A G I C

Active	since	2004 
In	stereo	configuration	since	2009	 

At	least	5	more	years	foreseen 

Energy	threshold	(trigger):	~50	GeV	
Angular	resolution:	0.1°@	100	GeV;	0.05°@	1	TeV	

Sensitivity:	~0.5	%		Crab	Nebula	in	50h	observations	
Light-weight	construction,	only	~70	T	

Fast	re-positioning	to	any	coordinates	in	the	sky:	7	deg/s	
Producing	~	1	TB	data	per	observation	night

~ 10 kmParticle 
shower

~ 1o
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~1	m2

Aeff~105	m2
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Haunting transients: MAGIC has the required performances 
• Low energy threshold 
• pointing speed ~7 deg/s with automatic repointing on valid GCNs 
• Observations in moon-time 
• Big effective area ➠ photon statistics

T E V  T R A N S I E N T S  W I T H  M A G I C

Active	since	2004 
In	stereo	configuration	since	2009	 

At	least	5	more	years	foreseen 

Energy	threshold	(trigger):	~50	GeV	
Angular	resolution:	0.1°@	100	GeV;	0.05°@	1	TeV	

Sensitivity:	~0.5	%		Crab	Nebula	in	50h	observations	
Light-weight	construction,	only	~70	T	

Fast	re-positioning	to	any	coordinates	in	the	sky:	7	deg/s	
Producing	~	1	TB	data	per	observation	night

104 Fermi/LAT

MAGIC

Sensitivity for subTeV flares

1 min                               1 hr

Integration time (s)        
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T E V  T R A N S I E N T S  W I T H  M A G I C

Large observing program on GRB, Fast radio burst, neutrinos, 
GW alerts 

• ~8 GRBs/yr (105 GRBs observed since 2005) 

• 24 within 100 s from T0 

• Pioneer ToO program on IceCube neutrinos JINST, 11, 
P11009 (2016)  
• 4 real-time alerts + 2 HESE (archival) + 2 PeV track (HET) 
• 30 hours of observations with MAGIC 

• Observations of repetitive FRB 121102 

• Follow-up of GW alerts 
• First IACT to provide a followup of optical candidates on 

GW151226  De Lotto et al., Proc., IAU Symposium 324 (2016) 

21

GRB observed by MAGIC
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T E V  T R A N S I E N T S  W I T H  M A G I C

Large observing program on GRB, Fast radio burst, neutrinos, 
GW alerts 

• ~8 GRBs/yr (105 GRBs observed since 2005) 

• 24 within 100 s from T0 

• Pioneer ToO program on IceCube neutrinos JINST, 11, 
P11009 (2016)  
• 4 real-time alerts + 2 HESE (archival) + 2 PeV track (HET) 
• 30 hours of observations with MAGIC 

• Observations of repetitive FRB 121102 

• Follow-up of GW alerts 
• First IACT to provide a followup of optical candidates on 

GW151226  De Lotto et al., Proc., IAU Symposium 324 (2016) 
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GRB observed by MAGIC

Z e n i t h - A n g l e  v s  s t a r t - T i m e

100 s from T0

● z < 1.5 
● z>1.5 
● no redshift 
+ stereo obs.
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T E V  T R A N S I E N T S  W I T H  M A G I C

Large observing program on GRB, Fast radio burst, neutrinos, 
GW alerts 

• ~8 GRBs/yr (105 GRBs observed since 2005) 

• 24 within 100 s from T0 

• Pioneer ToO program on IceCube neutrinos JINST, 11, 
P11009 (2016)  
• 4 real-time alerts + 2 HESE (archival) + 2 PeV track (HET) 
• 30 hours of observations with MAGIC 

• Observations of repetitive FRB 121102 

• Follow-up of GW alerts 
First IACT to provide a followup of optical candidates on 
GW151226  De Lotto et al., Proc., IAU Symposium 324 (2016) 
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GRB observed by MAGIC

𝜈 (HESE, EHE) observed by MAGIC
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T E V  T R A N S I E N T S  W I T H  M A G I C

Large observing program on GRB, Fast radio burst, neutrinos, 
GW alerts 

• ~8 GRBs/yr (105 GRBs observed since 2005) 

• 24 within 100 s from T0 

• Pioneer ToO program on IceCube neutrinos JINST, 11, 
P11009 (2016)  
• 4 real-time alerts + 2 HESE (archival) + 2 PeV track (HET) 
• 30 hours of observations with MAGIC 

• Observations of repetitive FRB 121102 

• Follow-up of GW alerts 
• First IACT to provide a followup of optical candidates 

on GW151226  De Lotto et al., Proc., IAU Symposium 324 (2016) 
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GRB observed by MAGIC

𝜈 (HESE, EHE) observed by MAGIC
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T H E  F I R S T  T E V  G R B :  G R B 1 9 0 1 1 4 C

Large observing program on GRB, Fast radio burst, neutrinos, 
GW alerts 

• ~8 GRBs/yr (105 GRBs observed since 2005) 

• 24 within 100 s from T0 

• Pioneer ToO program on IceCube neutrinos JINST, 11, 
P11009 (2016)  
• 4 real-time alerts + 2 HESE (archival) + 2 PeV track (HET) 
• 30 hours of observations with MAGIC 

• Observations of repetitive FRB 121102 

• Follow-up of GW alerts 
• First IACT to provide a followup of optical candidates on 

GW151226  De Lotto et al., Proc., IAU Symposium 324 (2016) 
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GCN reporting the detection 
 by MAGIC of GRB190114C

T E V  D E T E C T I O N  O F   
G R B  1 9 0 1 1 4 C !  

f i r s t  G R B  d e t e c t e d  a t  t h e  
t e r a e l e c t r o n v o l t  e n e r g i e s
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G R B 1 9 0 1 1 4 C  W I T H  M A G I C

Alert form Fermi/GBM and Swift/BAT T0=20:57:03 UT;  
coordinates sent by Swift BAT at T-T0 =22 s 
➜ MAGIC automatic repointing 
➜ Start data taking at T-T0 ~50 s 
➜ High-Zenith angle ~60 deg; 
➜ Moon light conditions 
✔ very strong signal > 20𝜎 ! 

Follow-up and data collected by many observatories: 
• Gamma-rays: Fermi-LAT, Fermi-GBM, AGILE 

• X-ray: Swift-XRT, XMM, NUSTAR, INTEGRAL.... 
• Optical: Swift-UVOT, NOT, GTC, VLT, LT,  

Pan-STARRS, NTT, GROND, REM, HST, ... 
• Radio: VLA, ALMA, ATCA, RT-22, MeerKAT, GMRT 

26

ATel reporting the detection 
 by MAGIC of GRB190114C
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G R B 1 9 0 1 1 4 C  W I T H  M A G I C

Basic properties of the GRB190114C 
Redshift z=0.4245 GCN23708 
Average properties of long-GRBs in a dense environment 
➜  http://tevcat.uchicago.edu/?mode=1&showsrc=324 

Detection of TeV emission poses new questions: 
‣ Do all GRBs have a TeV component? 
‣ Which processes are responsible? 
‣ How does this connect to the usual GRB paradigm? 

TeV observations with MAGIC provide the answer to 
those questions.  

Stay tuned for the upcoming publication! 
Before that: how did we catch it?

27

GRB 190114C

GCN 23737 
Konus-Wind

colore code: 
redshift

http://tevcat.uchicago.edu/?mode=1&showsrc=324
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G R B 1 9 0 1 1 4 C  W I T H  M A G I C

Basic properties of the GRB190114C 
Redshift z=0.4245 GCN23708 
Average properties of long-GRBs in a dense environment 
➜  http://tevcat.uchicago.edu/?mode=1&showsrc=324 

Detection of TeV emission poses new questions: 
‣ Do all GRBs have a TeV component? 
‣ Which processes are responsible? 
‣ How does this connect to the usual GRB paradigm? 

TeV observations with MAGIC provide the answer to 
those questions.  

Stay tuned for the upcoming publication! 
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Fast Repointing 
Afterglow typically 

decays as t-1.5

Redshift 
Within the gamma-ray 

horizon due to EBL

GRB190114C

GRB190114C

Redshift distribution for MAGIC GRBs
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T H E  E R A  O F  G R B  I N  T H E  T E V  D O M A I N  I S  S T A R T E D !

• First clear and strong detection of a GRB in the TeV! 
• Photon statistics better than any GRB previously 

detected in the >GeV range 

• Hint of detection on the short GRB160721B by MAGIC 
(K. Noda, Texas Symposium 2017, Berti et al., 2019, Proc. MG15, ) 

• z=0.16; recently associated at a kilonova Lamb et al. 2019 

arXiV:1905.02159 

• Report of a possible late-afterglow emission from 
GRB180720B by H.E.S.S.  (announced at CTA-symposium) 

• bright GRB; detection 10 hours after T0

29

Credits: A. Berti
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T H E  E R A  O F  G R B  I N  T H E  T E V  D O M A I N  I S  S T A R T E D !

• First clear and strong detection of a GRB in the TeV! 
• Photon statistics better than any GRB previously 

detected in the >GeV range 

• Hint of detection on the short GRB160821B by MAGIC 
(S. Inoue, ICRC 2017; K. Noda, Texas Symposium 2017; Berti et al., 2019, Proc. MG15) 

• z=0.16; recently associated to a kilonova             
Lamb et al. 2019 arXiV:1905.02159, Troja et al. arXiV:1905.01290 

• Report of a possible late-afterglow emission from 
GRB180720B by H.E.S.S.  (announced at CTA-symposium) 

• bright GRB; detection 10 hours after T0
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Credits: A. Berti

C O M P E L L I N G  F O R  F U T U R E  
T E V- D E T E C T I O N  O F       

G W  C O U N T E R PA RT S !

K. Noda, Texas Symposium 2017

GRB160821B

Prel
im

inary

new analysis in progress!
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T H E  E R A  O F  G R B  I N  T H E  T E V  D O M A I N  I S  S T A R T E D !

• First clear and strong detection of a GRB in the TeV! 
• Photon statistics better than any GRB previously 

detected in the >GeV range 

• Hint of detection on the short GRB160821B by MAGIC 
(S. Inoue, ICRC 2017; K. Noda, Texas Symposium 2017; Berti et al., 2019, Proc. MG15) 

• z=0.16; recently associated to a kilonova                
Lamb et al. 2019 arXiV:1905.02159, Troja et al. arXiV:1905.01290 

• Report of a possible late-afterglow emission from 
GRB180720B by H.E.S.S.  (announced at CTA-symposium, 05/19) 

• 2nd brightest GRB; detection 10 hours after T0

K. Noda, Texas Symposium 2017

GRB160821B

Prel
im

inary

new analysis in progress!
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T H E  E R A  O F  G R B  I N  T H E  T E V  D O M A I N  I S  S T A R T E D !

• First clear and strong detection of a GRB in the TeV! 
• Photon statistics better than any GRB previously 

detected in the >GeV range 

• Hint of detection on the short GRB160821B by MAGIC 
(S. Inoue, ICRC 2017; K. Noda, Texas Symposium 2017; Berti et al., 2019, Proc. MG15) 

• z=0.16; recently associated to a kilonova             
Lamb et al. 2019 arXiV:1905.02159, Troja et al. arXiV:1905.01290 

• Report of a possible late-afterglow emission from 
GRB180720B by H.E.S.S.  (announced at CTA-symposium) 

• 2nd brightest GRB; detection 10 hours after T0
Credits: A. Berti

K. Noda, Texas Symposium 2017

GRB160821B

Prel
im

inary

new analysis in progress!

N E X T  ( D R E A M E D )  F R O N T I E R S :   

D E T E C T I O N  O F  A  𝛄 - R AY  C O U N T E R PA RT  O F  A  G W  E V E N T  

S I M U LTA N E O U S  D E T E C T I O N  O F  N E U T R I N O S ,  G R AV I TAT I O N A L  
WAV E S  A N D  𝛄 - R AY  F R O M  A  N S - N S  O R  N S - B H  M E R G E R !
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TA K E  H O M E  M E S S A G E S

• 𝛄-ray observations are key in the search for the sources of HE 
neutrinos 

• AGN are plausible nu-sources and thus accelerators of UHE-CR 

• looking for next nu-blazar event! 

• galactic winds, and AGN-driven winds looks as promising 
environments for CR acceleration and neutrino production 

• Cherenkov telescope are ideal transient factories 

• The GRB paradigm is amplified and revolutionised by the 
detection of TeV emission on GRB170114C 

• Compelling  clue that GRBs (long and short)  are ubiquitous 
TeV emitters

33
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F R O M  E X P E R I M E N T  T O  O B S E R VAT O R Y

• A constant increase of performance: 

• improved readout systems; 
mirror maintenance and 
upgrades; sum-Trigger system 

• Improved analysis: timing, 
better calibration and g/h 
algorithms 

• Study of systematics 

• Development of strategies to 
observe in: moonlight and 
(very)large zenith angle conditions 

• Stability and reliability of automatic 
repointing, and fast acquisition 
procedures

2 0 0 5 	
⇣ 	

2 0 0 8 	
⇣ 	

2 0 1 0 	
⇣ 	

2 0 1 3

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

100	GeV Energy	threshold	[GeV]																												10	TeV

E V O L U T I O N  O F   
M A G I C  S E N S I T I V I T Y

HW AND SW 
UPGRADES
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T H E  V H E  G A M M A - R AY  S K Y

35
http://tevcat.uchicago.edu
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T H E  V H E  G A M M A - R AY  S K Y

36http://tevcat.uchicago.edu
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Background radiation fields
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E B L  M E A S U R E M E N T  W I T H  T E V  B L A Z A R S
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�obs
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(E) = �source
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(E)⇥ e�⌧(E� ,z)

EBL: extragalactic Background Light
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 P R E C I S I O N  A N D  S TAT I S T I C S :  E B L  M E A S U R E M E N T

• Sum contribution of 32 spectra of blazars 

• Combined spectrum of Fermi/LAT and 
MAGIC 

• Different intrinsic spectral models 

• Studies on systematics 
• intrinsic models 

• instrument response

38

MAGIC coll., MNRAS acc., Measurement of the Extragalactic Background Light using MAGIC and 
Fermi-LAT gamma-ray observations of blazars up to z = 1 https://arxiv.org/abs/1904.00134

https://arxiv.org/abs/1904.00134
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 P R E C I S I O N  A N D  S TAT I S T I C S :  E B L  M E A S U R E M E N T

• Sum contribution of 32 spectra of blazars 

• Combined spectrum of Fermi/LAT and 
MAGIC 

• Different intrinsic spectral models 

• Studies on systematics 
• intrinsic models 

• instrument response

39

E B L  
D E N S I T Y

MAGIC coll., MNRAS acc., Measurement of the Extragalactic Background Light using MAGIC and 
Fermi-LAT gamma-ray observations of blazars up to z = 1 https://arxiv.org/abs/1904.00134

https://arxiv.org/abs/1904.00134
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V E R Y - H I G H  E N E R G Y  G A M M A - R A Y  A S T R O N O M Y  
W I T H  M A G I C ,  I N  T H E  A S T R O P A R T I C L E  C O N T E X T

40
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E X T R E M E  E N E R G I E S

• Crab Nebula in the 100 TeV domain 

• Extend the spectrum up to > 100 TeV 

• Recent measurement by HAWC (2.5 
years integration time) 

41

MAGIC	coll.,	J.	Aleksić.	et	al.,	Journal	of	High	
Energy	Astrophysics,		5		(2015)	30-38.		

arXiv:1406.6892

100 TeV

Fermi/LAT 
~GeV

MAGIC
E > 30 TeV
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E X T R E M E  E N E R G I E S

• Crab Nebula in the 100 TeV domain 

• Extend the spectrum up to > 100 TeV 

• Recent measurement by HAWC (3 years 
integration time) 

• MAGIC observations at very large zenith angles: 
greater collection area -> enhance statistics at 
highest energy.

42

MAGIC	coll.,	J.	Aleksić.	et	al.,	Journal	of	High	
Energy	Astrophysics,		5		(2015)	30-38.		

arXiv:1406.6892

100 TeV

Fermi/LAT 
~GeV

MAGIC
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E X T R E M E  E N E R G I E S

• Crab pulsar

43

MAGIC	Coll.	2014	A&A	565	
MAGIC	Coll.	Ansoldi+2016	

	 MAGIC	Coll.	2008,	Science	322	

Phaseogram

pulsar	
Spectrum

E>400 GeV
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E X T R E M E  E N E R G I E S

• Crab pulsar

44

MAGIC	Coll.	2014	A&A	565	
MAGIC	Coll.	Ansoldi+2016	

	 MAGIC	Coll.	2008,	Science	322	

pulsar	
Spectrum

• Lower the energy 
threshold down to 
30 GeV 

• Sum-Trigger system


