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Very High Energy Astronomy 

MAGIC 50GeV-50TeV  

Fermi 
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VHE Observatories  

Credits from R. Wagner 

Now retired 

Imaging Air Cherenkov Telescopes 
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• Located @ Roque de Los Muchachos (La Palma, Canary Islands, Spain) 2200 m a.s.l. 

• MAGIC-I since 2004 

• MAGIC-II since 2009 

• Sensitivity 0.8% Crab (for E>260GeV, 50hr) 

• Energy resolution 20% at 100 GeV, 15% at 1TeV 

• Angular resolution ~ 0.07° at 1 TeV 

• Light weight carbon fiber structure -> Fast repositioning (GRB) 

• sum trigger mode can lower energy threshold to 25 GeV (pulsar) 

• Enhanced duty cycle due to moonlight & twilight observations 

 

Credits from R. Wagner 
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Credits from N. Mankuzhiyil 
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TeV Sources 

Pulsar 

Pulsar Wind Nebula 

Supernova Remnant Micro quasar 

X-ray binary 

Gamma Ray Burst 

Active Galactic Nuclei 

extragalactic sources  
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Active Galactic Nuclei(AGN) of Active Galaxies 

Credits from 

Brooks/Cole 

Thomson 

Learning 

Active Galaxy 
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BL Lac, FSRQ 

(Blazars) 
FRI, FRII 

 (Radio Galaxies) 

46 TeV extragalacic sources  

  3 x FR-I,  

  2 x Starburst galaxies, 

  4 x FSRQs,  

37 x BL Lacs  

TeV Extragalactic Sources 

Credits from R. Wagner 
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Excellent laboratory for studying High Energy blazar emission 

•VHE flux ~0.5 Crab  
•~3 minutes can reach 5 sigma of 
detection by MAGIC 

•Primarily ultraviolet, optical, and 

infrared  

Why to study Markarian 421  

•z = 0.03 
•low EBL absorption 
•more intrinsic spectrum 

Extragalactic Background Light (EBL) 

e+ 

e- 

EBL VHE 

IACT 
blazar 

Pair production  

with  EBL 

Credits from M. Teshima 

VHE  aborbed by EBL 

all the accumulated radiation in the 

Universe due to star formation processes, 

plus a contribution from AGNs. 
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Long Term TeV Monitoring on Mrk421 

arXiv:1010.5659v1 

Mean 

~0.5 Crab 

At 12:00 on 1st Jan in 4713 B.C. 

JD=0 

MJD = JD - 2400000.5 
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? ? 
? 

? 

Fermi/LAT Swift/BAT 

IR/Opt 

Radio 

We need more data on different frequency bands  
to constrains  emission models !! 

The Astrophysical Journal, 703:169–178, 2009 September 20 
Flaring activity from 2 days in 2006 and 2008  : XMM, MAGIC, VERITAS (+Whipple) 

Mrk421  
Too little data 
cannot well 
constrain 
parameters in 
the model 

Why do we need “extensive” multi-wavelength study on 

Markarian 421 ?  

Credits from D. Paneque 
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Mrk421 multi-wavelength campaigns 

More than 25 instruments 
Radio: VLBA, OVRO, 
Effelsberg, Metsahovi… 
mm: SMA, IRAM-PV 
Infrared: WIRO, OAGH 
Optical: GASP, GRT, MITSuMe, 
Kanata… 
UV: Swift-UVOT 
X-ray: Swift-XRT, RXTE-PCA, 
Swift_BAT 
Gamma-ray: Fermi-LAT 
VHE: MAGIC, VERITAS, 
Whipple 

Past MW campaigns 
 

Mrk421  (Jan19, 2009-Jun1 ,2009: 4.5 months) 
 

Mrk421  (Dec8, 2009-Jun20 ,2010: 6 months) 
 

Mrk421  (Dec1, 2010-Jun15 ,2011: 6 months)   
 
 

ApJ 736:131 

Mrk421 2009 MW 

covered frequencies   :from radio to TeV 

o
b

s
e
rv

a
ti

o
n

 

January 

June 
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Mrk421 2009 MW Spectral Energy Distribution  

Synchrotron Self-Compton 

 Model 

The most complete Mrk421 spectrum that we ever collected !!  
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Mrk421 2010.01-06 light curve  

full energy band (200-5000 GeV) 

55197           55228          55256           55287           55317             55348 

2010      01.01             02.01           03.01             04.01            05.01             06.01 

January                              March                                   May 
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Light curve in 3 energy bands: 
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Full  

energy  

band 

Low  
Energy 
Band         
100-300 GeV 
 
Medium  
Energy 
Band 
300-1000 GeV 
 
High  
Energy 
Band        
>1TeV 
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Hardness Ratio vs Flux 

16 ShangYu SUN 

low (100-300 GeV) 
medium (300-1000 GeV) 
high (>1TeV) 

Hardness Ratio1 

= Fluxmedium_energy  / Fluxlow_energy 

Hardness Ratio2 

= Fluxhigh_energy  / Fluxlow_energy 

Soft spectrum, low flux 

Hard spectrum, high flux 
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Mrk421 2010 MW light curves:  

VHE and Gamma rays 
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VERITAS 
>200GeV 

MAGIC 
200GeV~50TeV 

Fermi 
1.89GeV~1.89TeV 

2010.01.04 

2010 March  
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BAT 
15-50keV 
 

MAXI 
10-20keV 

MAXI 
4-10keV 

MAXI 
2-4keV 

Mrk421 MW light curves:  

Xrays 

2010.01.04 
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RXTE_ASM 
2-10keV 

RXTE_PCA 
2-10keV 

SWIFT 
15-50keV 

SWIFT 
2-10keV 

Mrk421 MW light curves:  

 Xrays 

2010.01.04 
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UVOT 
UVM2 

UVOT 
UVW2 

UVOT 
UVW1  

ROVOR  
(Brigham Young University, Utah) 
B Band 

Mrk421 MW light curves:  

UV, Optical 

2010.01.04 
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New Mexico Skies 
V band 

Bradford Robotic Telescope 
(University of Colorado Denver) 

B band 

ROVOR 
V band 

Bradford Robotic Telescope 
V band  

Mrk421 MW light curves:  

 Optical 

2010.01.04 
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New Mexico Skies 
R band 

Perkins 
(Ohio) 

R band 

ROVOR 
 R band   

Bradford Robotic Telescope 
R band 

Mrk421 MW light curves:  

 Optical 

2010.01.04 
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GASP 
R band 

Goddard Robotic Telescope 

(Maryland) 
R band 

ROVOR  
I band 

Mrk421 MW light curves:  

 Optical 

2010.01.04 

The GLAST-AGILE Support Program 

(GASP) 
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Crimean 
Polarization angle 

Crimean 
(Ukraine) 

polarization 

Steward 
(University of Arizona) 

polarization 

Steward 
Polarization angle 

Mrk421 MW light curves:  

 Optical polarization 

2010.01.04 
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St.Petersburg 
Polarization angle 

St.Petersburg 
polarization 

Perkins 
(Ohio) 
polarization 

Perkins 
Polarization angle 

Mrk421 MW light curves:  

 Optical polarization 

2010.01.04 
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UMRAO 
8GHz 

Metsahovi 
(Finland) 

37GHz 

UMRAO 
(University of Michigan ) 

14GHz 

Mrk421 MW light curves:  

Radio 

2010.01.04 
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Mrk421 2010 MW Light Curve Variability 
Variability: the quantity showing how much each light curve fluctuates 
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Time Correlations between Light Curves 

Why to study time correlation 
 Goal: to know which AGN structure or emission mechanism the observed 

photons of different energy correspond to 

 

 Spatial resolution is bad=>different emission mechanisms are mixed 

 

 We try to use time resolution to find how correlated each pair of energy bands 

=>high correlated energy bands imply the same emission mechanism   
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Mrk421 2010 Correlation 

Lag=MAXI-MAGIC Lag=ASM-MAGIC 

Lag=BAT-MAGIC Lag=SWIFT_15_50keV-MAGIC 

TeV emission are most correlated with Xray emission! 
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 10    11   12   13   14   15  16   17   18   19  20   21   22  March 

Mrk421 2010 March Light Curve 
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Mrk421 MW 2010_03_10 
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Describe Spectra with  

Synchrotron Self-Compton Model 
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Radius R 

Magnetic field B 

Doopler factor  

Relativistic electrons 

synchrotron radiation=>Xray,  

inverse Compton process=>GammaRay 
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Mrk421 MW 2010_03_11 
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Mrk421 MW 2010_03_13 
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Mrk421 MW 2010_03_14 
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Mrk421 MW 2010_03_15 
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Mrk421 MW 2010_03_17 
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Mrk421 MW 2010_03_18 
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Mrk421 MW 2010_03_19 
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Mrk421 MW 2010_03_21 
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Mrk421 MW 2010_03_22 
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Describe Spectra with  

Synchrotron Self-Compton Model 

 

03_10    1.e3.   1.e8.  2.  e5.  7.5e5.  2.0    2.35  4.7  2.8e2.  40     16.7     15.     

03_11    1.e3.   1.e8.  2.  e5.  7.5e5.  2.0    2.35  4.7  3.1e2.  40     16.7     15.     

03_13    1.e3.   1.e8.  1.8e5.  7.8e5.  2.02  3.      4.7  3.3e2.  40     16.7     16.     

03_14    1.e3.   1.e8.  2.2e5.  8.  e5.  2.02  3.      5.    3.3e2.  40     16.7     16.     

03_15    1.e3.   1.e8.  1.7e5.  7.5e5.  2.03  3.5    5.    4.  e2.  40     16.7     16.     

03_17    1.e3.   1.e8.  2.  e5.  7.  e5.  2.03  3.8    5.    2.3e2.  40     16.7     18.5 

03_18    1.e3.   1.e8.  2.  e5.  6.  e5.  2.03  4.      5.    2.3e2.  40     16.7     18.5 

03_19    1.e3.   1.e8.  9.  e4.  2.  e6.  2.17  3.4    6.5  1.2e3.  40     16.7     18.     

03_20    1.e3.   1.e8.  9.  e4.  5.8e5.  2.17  3.1    6.    1.2e3.  40     16.7     18.     

03_21    1.e3.   1.e8.  9.  e4.  5.8e5.  2.17  3.0    6.    1.4e3.  40     16.7     18. 

03_22    1.e3.   1.e8.  9.  e4.  5.8e5.  2.17  3.0    6.    1.2e3.  40     16.7     18.     

  ,log(R[cm]) B[mG], ],
-3

[cm32121maxmin   ,  ,  ,,,,, enbreakbreak sss

The physical properties which changes during flare might be the intrinsic 

characteristics of electrons, rather than the environment parameters(B,R).  

It suggests: 
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Summary 

1.  Mrk 421 is cosmologically local blazar, with average TeV flux ~0.5 Crab, 
can be detected with 5 sigma by MAGIC stereo(sensitivity ~0.8 Crab), 
in ~3 minutes, and its TeV spectra can be resolved in ~15 minutes.  

 
2.  MAGIC in its first year(2010) of stereo observation on Mrk 421 caught 

three TeV flares: January (~3 Crab), March (~2 Crab), May (~1 Crab) 
  
3.  Mrk 421 2010 MW light curves:  Xray and TeV Gamma ray have the 

highest variability, ~3 times higher than that of optical and MeV gamma 
bands.  Correlations of {TeV,MeV} and {TeV,Xray} are both >0.5 

 

4. MAGIC stereo had 11 observation on Mrk421 in March 2010, catching 

its flare state to post-flare state, with fluxes of 4 observations > 1 Crab, 

with simultaneous spectra from Optical, SWIFT/XRT*BAT, RXTE/ASM, 

Fermi, MAGIC in 9 observations. 

 

5.  Synchrotron Self-Compton Emission Model can describe well Mrk 421 

spectrum evolution. The physical properties which changes during 

flare might be the intrinsic characteristics of electrons, rather than the 

environment parameters(B,R).  
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Geometrical reconstruction 

MAGIC-1  

MAGIC-2  

M2 

M1 
Reconstructed 

direction 

M1 

M2 

In Plan ┴ direction 

Reconstructed 

core impact point 

Δδ 

Work well if 

Δδ  30 deg 

Mont Carlo independent 
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Height of the 

shower max 

gamma ray 

air  

shower 

Shower-core  

Impact point  

3D-Length 

3D-width 

4th step: 3D Parameters 
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Cross check of light curve   

47 ShangYu SUN 

2010_02_13 2010_05_18 
mono with L3 

M1M2(M1R120) 
some have high cloudiness 
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Outlook on Mrk421 2010 MW data analysis 

Past MW campaigns 
 
Mrk421  (Jan19th, 2009-Jun1st ,2009: 4.5 months) 
 
Mrk421  (Dec8, 2009-Jun20 ,2010: 6 months) 
 
Mrk421  (Dec1, 2010-Jun15 ,2011: 6 months)   
 
 More than 25 instruments participate 

covering frequencies from radio to TeV 
 
Radio: VLBA, OVRO, Effelsberg, Metsahovi… 
mm: SMA, IRAM-PV 
Infrared: WIRO, OAGH 
Optical: GASP, GRT, MITSuMe, Kanata… 
UV: Swift-UVOT 
X-ray: Swift-XRT, RXTE-PCA, Swift_BAT 
Gamma-ray: Fermi-LAT 
VHE: MAGIC, VERITAS, Whipple 

Different flavors of flaring activity 
will be studied!  

David Paneque 
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Mrk421 MW 2010_03_20 
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MAGIC 

Mrk421 2010.01-06 light curve 

01.14 

03.14 

05.20 
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Light curve in 3 energy bands: 
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low energy        100-300 GeV 
medium energy 300-1000 GeV 
high energy       >1TeV 

high 

medium 

low 

low 
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Hardness variation over time 
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MAGIC 

 The GLAST-AGILE Support Program (GASP) was organized within 

the Whole Earth Blazar Telescope to provide optical-to-radio long-

term continuous monitoring of a list of selected gamma-ray-loud 

blazars during the operation of the AGILE and GLAST satellites.  

 

 AGILE (Astro‐rivelatore Gamma a Immagini LEggero) is an X-ray 

and Gamma ray astronomical satellite of the Italian Space Agency 

(ASI).  

54 ShangYu SUN 

http://agile.rm.iasf.cnr.it/
http://glast.gsfc.nasa.gov/
http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/Gamma_ray
http://en.wikipedia.org/wiki/Italian_Space_Agency
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SWIFT 
2-10keV 

2/2/

1
)(

Functionn Correlatio Discrete

)()(

)()(

2222

















b

i

a

jij

ij

bbaa

ii
ij

ttt

UDCF
M

DCF

errerr

bbaa
UDCF

),(

),(

j

b

j

i

a

i

bt

at

day 1day 1

days 2

days 2







b

i

a

jij ttt





days 3day 1  b

i

a

jij ttt

days 5days 3  b

i

a

jij ttt

days 1days 3  b

i

a

jij ttt

days 3days 5  b

i

a

jij ttt

Time Correlation between 2 Lightcurves 

ijUDCF

Lag 



MAGIC 56 ShangYu SUN 

• Located @ Roque de Los Muchachos (La Palma, Canary Islands, Spain) 2200 m a.s.l. 

• MAGIC-I since 2004 

• MAGIC-II since 2009 

• Sensitivity 0.8% Crab (for E>260GeV, 50hr) 

• Energy resolution 20% at 100 GeV, 15% at 1TeV 

• Angular resolution ~ 0.07° at 1 TeV 

• Light weight carbon fiber structure -> Fast repositioning (GRB) 

• sum trigger mode can lower energy threshold to 25 GeV (pulsar) 

• Enhanced duty cycle due to moonlight & twilight observations 

 

Credits from R. Wagner 
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Why to study time correlation 
 Goal: to know which AGN structure or emission mechanism the observed photons 

of different energy correspond to 

 Spatial resolution is bad=>different emission mechanisms are mixed 

 We try to use time resolution to correlate several bands of light curves together 

=>implies that these bands correspond to the same emission mechanism   

),( i
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i at

Time lag 

One example: 
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Mrk421 2010 Correlation 

Lag=MAGIC-MAGIC Lag=MAXI-MAGIC 

Lag=ASM-MAGIC Lag=BAT-MAGIC 

Lag=Fermi-MAGIC Lag=SWIFT_15_50keV-MAGIC 
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Summary 

1.  Mrk 421 is cosmologically local blazar, with average TeV flux ~0.5 Crab, 
can be detected with 5 sigma by MAGIC stereo(sensitivity ~0.8 Crab), 
in ~3 minutes, and its TeV spectra can be resolved in ~15 minutes.  

 
2.  MAGIC in its first year(2010) of stereo observation on Mrk 421 caught 

three TeV flares: January (~3 Crab), March (~2 Crab), May (~1 Crab) 
                high state:  TeV,MeV,X,Opt       TeV,X,Opt          TeV,MeV,X,Opt 
  
3.  Mrk 421 2010 MW light curves:  Xray and TeV Gamma ray have the 

highest variability, ~3 times higher than that of optical and MeV gamma 
bands.  Correlations of {TeV,MeV} and {TeV,Xray} are both >0.5 

 

4. MAGIC stereo had 11 observation on Mrk421 in March 2010, catching 

its flare state to post-flare state, with fluxes of 4 observations > 1 Crab, 

with simultaneous spectra from Optical, SWIFT/XRT*BAT, RXTE/ASM, 

Fermi, MAGIC in 9 observations. 

 

5.  1-zone Synchrotron Self-Compton Emission Model can describe well 

Mrk 421 spectrum evolution. The physical properties which changes 

during flare might be the intrinsic characteristics of electrons, rather 

than the environment parameters(B,R).  

 

  

 


