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Outline

IACTs


Extragalactic sky at VHE 
gamma rays


BL Lacs
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Radio galaxies


EBL/IGMF studies


Lorentz invariance Violation 
limits (Fundamental physics)


Outlook
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IMBO=!
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Image intensity 
! Shower energy 

Image orientation 
! Shower direction 

Image shape 
! Primary particle 4 
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Better background reduction  
Better angular resolution 
Better energy resolution 

Systems of Cherenkov telescopes 
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Current status: 3 major observatories
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Differential Sensitivities
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VERITAS

H.E.S.S.

MAGIC

All three are  
actually similar

Integral Sensitivity: 
~1% Crab in 25h  
for E>300 GeV 
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TeV Sky 2015
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http://tevcat.uchicago.edu/

177 sourcesIACTs, E>50 GeV
67 extragal.



Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27

TeV Sky 2015
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2FHL, see Dominguez on Monday

Fermi/LAT (E>50GeV) 360 sources

More sources but less photons
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BLAZARS
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BL Lacs

Most popular source class (47)


Best studied class of extragalactic TeV 
sources


“Easy” to detect because the jet points 
towards us with a very small angle 
(Doppler boosting)


Probably all are flaring on time scales of 
than ~month


Some min-scale variability detected


Vast on spectra, light curves and 
Multiwavelength correlations  
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AGN 

blazar 
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HBL/IBL/LBL
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High Peaked / Intermediate Peaked / Low Peaked BL Lacs 
(based on 5GHz / 1keV ratio)

“New” classification based on synchrotron peak position: 


HSP / ISP / LSP

IACTs mainly detect HBLs
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HBL highlights: Mrk 421 / 501
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Extensive MWL campaign (VHE data by 
MAGIC + VERITAS) in Jan 2013 showed 
a shift of both peaks to lower energies

Such HBL moving towards IBL has 
never been seen before for any blazar

Flare in June 2014

Flux doubling time scale 
< 10 minutes

20 TeV?

Mrk 421
Mrk 501

H.E.S.S.MAGIC+VERITAS
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HBL highlights: Mrk 421 / 501
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Extensive MWL campaign (VHE data by 
MAGIC + VERITAS) in Jan 2013 showed 
a shift of both peaks to lower energies

Such HBL moving towards IBL has 
never been seen before for any blazar

Flare in June 2014

Flux doubling time scale 
< 10 minutes

20 TeV?

Mrk 421
Mrk 501

H.E.S.S.MAGIC+VERITAS

Even with the high precision MWL campaigns 

1-zone Synchrotron Self Compton models 
generally work

often need break in electron spectrum


Unless the SED is more complicated (flare 
complex), then 2-zone models are invoked
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HBL highlights: PG 1553
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Periodic P=(785+/-14)d emission from a blazar! Not yet at 
TeV but …

Prandini et al, ICRC2015

coordinated campaign with  
HESS/MAGIC and VERITAS  

starts 2015 
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IBL highlights
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three new IBLs (now in total 8 IBLs)

Discovery of S3 1227+25 (z=0.135) VERITAS

Discovery of RGB J2243+203 (z>0.39) VERITAS

Discovery of BL Lac S2 0109+22 (0.265) MAGIC

RGB J2243+203

Γ = 4.64 ± 0.55


BL Lacertae flare (z=0.069) MAGIC 
confirms daily variability time scale

VERITAS
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FSRQs highlights: PKS 1441+25
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σSignificance (Li&Ma) = 25.42

preliminary!
Redshift reminder:  z=0.940!!

Very strong detection by MAGIC

High statistics allows one to 
better reconstruct energy 
spectrum

About 10 spectral points 
between 40 and 300 GeV

Spectrum is very soft, suggests 
intrinsic origin and an IC peak 
around 10-30 GeV (below 
MAGIC measurement)

See talk by Nievas on Monday

MAGIC

preliminary!
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FSRQs highlights: PKS 1441+25
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See talk by N.Park today

Triggered by MAGIC alert, VERITAS observed and detected the source, too

Missed the night with the highest flux though…

VERITAS
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O
pt

ic
al

Gravitationally lensed blazar

Delay of ~11days known from radio and Fermi/
LAT

Original flare (Fermi-trigger) missed by MAGIC 
due to the full moon period

QSO B0218+357 was observed during expected 
delayed flare by MAGIC for 14 consecutive nights 
(all good weather), 1-2 hrs per night

The flare duration is about 4 days

The flare can be fitted with a symmetric Gaussian 
shape centered at MJD=56863.7 and σ≈1day
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See talk by D. Dominis on Monday
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Radio galaxies
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H.E.S.S. detected a new radio galaxy PKS 0625-35, z=0.055 (now 
4+1 radio galaxies: M87, CenA, NGC1275, IC310 and this one)

No variability in VHE seen

Spectral index ~ 2.8

4% C.U. >580 GeV

H.E.S.S.
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Radio galaxies

22

Long term monitoring of M87 with MAGIC. No flare since 
2010!

Perfect match with Fermi/
LAT

TeV index: ~2.5

almost 5 orders of 
magnitude in energy with 
very little curvature in the 
spectrum
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Blazar highlight: IC310 
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Rapid flare from IC310, z=0.018 (MAGIC). 
Radio angle  10-20deg

Variability time scale < 4.8 min is shorter 
than the light crossing time of the event 
horizon of the IC 310 central black hole

Hard spectrum without a cutoff up to TeV 
energies


See talk by J. Sitarek later today

Shock in the jet models 
have troubles explaining 
IC 310 flare

Plausible alternative: 
pulsar-like emission from 
the magnetosphere of 
the BH (e.g. Levinson & 
Rieger 2011)

But: see critics of  
M. Barkov yesterday


MAGIC



AGN

HE/VHE ϒ-Rays

Nikishov (1962), Jelley (1966), Gould & Schreder (1966)



AGN

UV/O/IR 
Photons

Stars and Dust

in Galaxies

HE/VHE ϒ-Rays

Nikishov (1962), Jelley (1966), Gould & Schreder (1966)
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HE/VHE ϒ-Rays

Nikishov (1962), Jelley (1966), Gould & Schreder (1966)
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HE/VHE ϒ-Rays

Nikishov (1962), Jelley (1966), Gould & Schreder (1966)
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E�EEBL ⇡ 4(mec
2)2 ⇡ 1MeV2

EEBL ⇠ eV ! E� ⇠ TeV

Pair production: 
γTeV γEBL ➞  e+ e-
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The EBL energy density: models

25

Dominguez et al., MNRAS 410, 2556 (2010) 
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Imprint of the EBL on spectra of HE/VHE 
gamma ray spectra of distant sources

Cross section of pair production:


peaks at ~4*Ethreshold


Delta function approximation is 
not precise 

26

Attenuation of Gamma-ray flux is 
calculated by integrating over number 
density of EBL, angles between 
photons, and distance to the source. 


The attenuation factor is sensitive to 
the EBL density

Dominguez et al., MNRAS 410, 2556 (2010) 
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1ES 1011+496 flare (Feb’14)

Highest ever flux from this source in X- and γ rays


Large VHE flux variability in day timescales


No evidence for intra-night variability (~40’ /night snapshots)


Relatively stable spectral shape through the flare

27

See talk by A. Moralejo on Monday

MAGIC
z=0.212
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1ES 1011+496 flare (Feb’14)

Comparable with previous 
results


No indication of extra EBL 
sources or tension with 
lower limits

28
See talk by A. Moralejo on Monday

MAGIC
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EBL constraints with many 
sources

29

H.E.S.S.

See talk by F. Schuessler on Monday

— There might be a bias through 
Power Law hypothesis

+  EBL model independent constraints
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Also distant sources available!

30

Classification Discoverer Date Redshift
S3 0218+35 Blazar MAGIC 2014.07 z = 0.944

PKS 1441+25 FSRQ MAGIC 2015.04 z = 0.939

PKS 1424+240 HBL VERITAS 2009.06 z ~ 0.6
3C 279 FSRQ MAGIC 2008.06 z = 0.5362

PG 1553+113 HBL H.E.S.S./MAGIC 2006.03 z ~ 0.5
1ES 0647+250 HBL MAGIC 2011.09 z = 0.45

4C +21.35 FSRQ MAGIC 2010.06 z = 0.432
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PKS 1441+25 flare (z=0.939)
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See talk by A. Viana later today

VERITAS

Not sure about details of the analysis


but derived upper limits by VERITAS 
are similar as the ones derived by 
MAGIC
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Lorentz invariance Violation 
limits

Using flare Mrk 501 data


Can check if there is a delay / lag 
between higher and lower energies


IACTs are best for quadratic term

32

H.E.S.S.
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Outlook

The instruments are getting better!

33

De Naurois & DM, C.R.Physique 16 (2015)
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Outlook

Field far from being saturated


Missing (even after CTA): large FoV to look for transients

34

De Naurois & DM, C.R.Physique 16 (2015)

Kifune plot



BACKUP

35
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H.E.S.S.

See talk by A. Viana later today
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FSRQs highlights: PKS 1441+25
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• shift of synchrotron and IC 
peaks to higher energies	



• significant variation of the 
X-ray and HE  ray spectral 
indexes	



• VHE variable, HE stable!	



• emitting region originating 
in the jet just outside the 
broad line region	



• high degree of optical 
polarization-the emission 
may come from a 
compressed region in the 
jet, like an internal shock
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See talk by Nievas on Monday

MAGIC



Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27

Limits from IACTs: axions

Contradicting results: 
 J. Biteau & D. Williams (2015) vs. D. Horns & M. Meyer (2012)
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