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® IACTs IMBO=

® Extragalactic sky at VHE in my biased opinion
gamma rays

® BL Lacs

® FSRQs \XJ

@ Radio galaxies .‘w .?

@® EBL/IGMF studies '§\

@ Lorentz invariance Violation
limits (Fundamental physics)

@ Outlook

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 2
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Current status: 3 major observatories




Current status: 3 major observatories




Differential Sensitivities o (ICRR,
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| 50 hours of exposure time with VERITAS 2012-today (V6) |
g ':_ 2 | 1 4 4 T 7 YT L 4 1 4 2 | Ty L 4 4 | T —_ .
g ’:‘ 8 50 _% Stereo, (2010), 2d. <20 [
% 5‘: 40 Lsccadiiccancsansssmmsmesanssanssanssmssansssnsssanssmssanseansecne N eececcnnssame -
§, : VER |TAS ‘E 30 I —— Stereo Upgd., (2013), 2d. <30° |-~ 8
g‘n . = g ?03-; r | =t Stereo Upgd., (2013), Zd. 30457}
§10°E =3 s | ;
g F 3 2
© C 18 S
s | i s
@ g
107 j —e— soft cut ﬂ 53
= medium cut N §
: —+— hard cut : g
104 = [ l.‘ g2 1 1 104
10 1 1
Energy(TeV)
S E H.E.S.S. CTS Mono
= co ‘L_\ H.E.S.S. CT1-5 Stereo
,; 3 H.E.S.S. CT1-5 Combined
£ 3 H.ES.S. CT1-4 Stereo
Integral Sensitivity: ~ S1w0k
ntegral Sensitivity: ™07 All three are
o ' 2 -
~1 /O Crab In 25h % 11_ ' '
o tuall |
for E>300 GeV actually simiiar
10-‘2 ;—
10" z;—

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 8



TeV Sky 2015 % ICRR ),
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IACTs, E>50 GeV __Zam 177 sources
: | ' 67 extragal.

http://tevcat.uchicago.edu/
Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 9




TeV Sky 2015 % ICRR,) ),
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Fermi/LAT (E>50GeV) 360 sources

Preliminary Adaptively Smoothed

More sources but less photons 2FHL, see Dominguez on Monday

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 10



BLAZARS A~ IORR
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The “LEGQ” structure of AGN/Blazars

Of all galaxies:

~|% Active Nucleus

~0.1% relativistic jets

BLAZAR = an AGN with a relativistic jet pointing at angles close to the
line of sight, and whose emission is dominated by relativistic effects

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 11



ICRR
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BL Lacs
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@ Most popular source class (47)

blazar
@® Best studied class of extragalactic TeV - Jetof high-speed
|
sources
\.__ Magnetic field
\ / IRES

@ “Easy” to detect because the jet points VR,

towards us with a very small angle A

(Doppler boosting) Acggg‘;"”\

@ Probably all are flaring on time scales of
than ~month

@ Some min-scale variability detected

@ Vast on spectra, light curves and
Multiwavelength correlations

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 12



HBL/IBL/LBL A~ IORR
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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 0

|ACTs mainly detect HBLsS

Log vL, [erg s-!]

20 25
Log v [Hz]
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HBL highlights: Mrk 421 / 501 % ICRR,) )

University of Tokyo
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MAGIC+VERITAS
- ESS

@ Extensive MWL campaign (VHE data by |
MAGIC + VERITAS) in Jan 2013 showed ® Flare in June 2014

a shift of both peaks to lower energies @ Flux doubling time scale
. < 10 minutes
@ Such HBL moving towards IBL has
never been seen before for any blazar ® 20 TeVv?
10 GHz O+UV 10 keV 1 GeV 1 TeV
10g typical state 1 ol
(Abdo et al., 2011) |
— 10"%F ]
g -
—:n 10.” E le-11
o107 & $ H.E.S.S. PRELIMINARY
g -13> ¢ 2013 Jan 10 1e-12 H{ —e— HESS 2014 - Flare L 1 |
“ 10 ; (M]JD 56302) E - :i:*- ;;:; - Low
o AT - 3 ey
IO‘N | l l l l | | l l l CAT-Lo»m!en:!‘v ‘
10° 10" 10" 10" 10" 10" 10* 10 10* 10 10% 1 Energy [Tev] ’
frequency, v [ Hz ]
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HBL highlights: Mrk 421 / 501 % ICRR

Institute for Cosmic Ray Research

University of Tokyo

MAGIC+VERITAS I i
HESS.

@® Extensive MWL campaign (VHE data by .
MAGIC + VERITAS) in Jan 2013 showed ® Flare in June 2014
a shift of both peaks to lower energies @ Flux doubling time scale

® Such HE: S ame < 10 minutes
never be‘ Even with the high precision MWL campaigns

® 1-zone Synchrotron Self Compton models

10 GHz generally work
10
m ® often need break in electron spectrum
~10""F _ . 'y
: @ Unless the SED is more complicated (flare ]
o 107 complex), then 2-zone models are invoked \\i *
1310'“ & \ \ 1 H.E.S.S. PRELIMINARY (
E - ¢ 2013 Jan 10 - S \ l
w10 ; (M]JD 56302) ;; Lo
ol o S ;e =
106 10° 102 10™ 10 10 102 102 10 10%°® 10%° : e (1o e
frequency, v [ Hz ]
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HBL highlights: PG 1553 % ICRR ),
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@ Periodic P=(785+/-14)d emission from a blazar! Not yet at

TeV but ... RS ToVST
Fte g +H- 1

tical (KVA) __H +
[+t

F Jy]

- - 99O O000
. . - el e o e
o - I ST N )

F (R band) [mJy)
-

s

coordinated campaign with

HESS/MAGIC and VERITAS
starts 2015

. . Prandini et al, ICRC2015
Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 s
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IBL highlights % ICRK,))),
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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

@ BL Lacertae flare (z=0.069) MAGIC O

confirms daily variability time scale &L X, VERITAS: ICRC2015
£
u
;1 0—10 L
MAGIC detects an increased activity from BL Lacertae °
. 107
at very high energy gamma-rays
ATel #7660; Razmik Mirzoyan (Max-Planck-Institute for Physics) on behalf of the MAGIC 10_12? [=464 + (055
collaboration - ’ -
on 18 Jun 2015; 19:02 UT 10%E I
Credential Certification: Razmik Mirzoyan (Razmik Mirzoyan@mpp.mpg de)
energy [TeV]

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 17



FSRQs highlights: PKS 1441+25 % ICRR,
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= AGIC
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Z§ 7000 = p rel i m i n ary! -fl\—li:i ?(;37062‘,1 |:0ﬁ =7970.3 +51.1

@ Redshift reminder: z=0.940!! oo
5000 [
@ Very strong detection by MAGIC <o

3000 [

@ High statistics allows one to

2000 —

better reconstruct energy 1000 [
SpeCtrum O(; o ez 03 o4
: 0% [ deg”]
@ About 10 spectral points o
-0—— preliminary!
between 40 and 300 GeV IR P ,

@ Spectrum is very soft, suggests ¢ | e o v . g
intrinsic origin and an IC peak 5 10 B
around 10-30 GeV (below F 0 ‘ S

S +
MAGIC measurement) §TETE Y e com]

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 See talk by Nievas on Monday



FSRQs highlights: PKS 1441+25 y—  (ICRR
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@® Triggered by MAGIC alert, VERITAS observed and detected the source, too
@® Missed the night with the highest flux though...

Frequency [Hz] R
10"  10® 10 10 10® 10 10® 10® 107 e
T T T T T 1T T T T T T 'IT T T'1 17 T'1 T11 7T ; Corrected for EBL
10" & April 2015 Other observations 5 ;
= == VERITAS e SWift - May 2015 —
C == Formi-LAT wpe SWift - January 2015 Tig 10" .
e NUSTAR wae SWift - June 2010 47 >
- — e SWift =g== Archival (ASDC) 10 g
» e ASAS-SN —_ =]
o 101 E o+
£ — >
o - 2 o
o = 2 8
2 - 10% - 10712
> > Fermi-LAT VERITAS
w 102 . M | .
> = 2 4x10% 10° 2x10°  3x10°
-1 - . -y | 8 21012 Energy [MeV]
— B 'y ' . 10 £ — Swift-XRT NuSTAR
S . 1 = v
o = Broad-band modeling 2
- . e s SYNICHIOLrON -
n \ Self Compton 104 >
— External Compton 3
10" &= \ (torus) 5
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: : See talk by N.Park today
Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 .



Gravitationally lensed blazar ... ICRR
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BO218+357

—

z=0.944

8e9 years

10.3e9 years

1 ¢ MAGIC

- Preliminary:

f= W " ST

0,04 E=i XRX i i i i i, i
56850 56852 56854 56856 56858 56860 56862 56864 56866 56868 56870 56872 56874
Time [MJD]

Flux >100 GeV [cm?s™]

@ 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

llLél
by

<,
A

Pesoeed @  Fermi-LAT, TS>25

KL | @ Fermi-LAT, 255TS>9

. {  Fermi-LAT U.L.,, TS<9
== i

Flux 0.300-100 GeV [cm 5]

o,
£

=
5
>
o
LLl
L

C.i i i i i i i Retetat T T T T i
56850 56852 56854 56856 56858 56860 56862 56864 56866 56868 56870 56872 56874
Time [MJD]

X-rays F(E>1GeV) FE>0.1GeV)

delayed flare by MAGIC for 14 consecutive nights X0 TNEEEE R
: e ot T ¢ Ltk 1
(all good weather), 1-2 hrs per night il IHEEET
@ The flare duration is about 4 days
: . . _ — 5 BT T T T | f KVA
@ The flare can be fitted with a symmetric Gaussian Si o N ]
shape centered at MJD=56863.7 and o=1day O wE | ﬁ g | j

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27



Radi laxi % ICRR,
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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)

True energy (TeV)

)
A
<

=

Flux {cm™ s TeV
S
- }/ |

Preliminary

@® No variability in VHE seen
@® Spectral index ~ 2.8 it
® 4% C.U. >580 GeV : w
|
"‘10.‘!:'5 ‘ b | M

Dyrda et al 2015 (ICRC2015)

21

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27



Radio galaxies % ICRR,
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® Long term monitoring of M87 with MAGIC. No flare since
2010!

102

¢ -9+ MAGIC

4 4+ Fermi/LAT Pass8

@® Perfect match with Fermi/

Rz 10! _I—
AT H T
e et
® TeV index: ~2.5 T e
= : \‘N_

@® aimost 5 orders of = . i
maghnitude in energy with = ¥\\
very little curvature in the = 10! ——
spectrum

10% 10? 10! 10! 10= 109
Energy, eV

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 22
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Institute for Cosmic Ray Research
University of Tokyo

Ap-Degz 1t

Blazar highlight: IC310
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® Rapid flare from IC310, z=0.018 (MAGIC). .- o
Radio angle 10-20deg ) B A I

@ 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 ‘

F (>300 GeV) [cm™s")

| 4

@ Shock in the jet models ;
have troubles explaining ‘ Solar

Pp'e 10.1: .

IC 310 flare vacuum

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

@ But: see critics of
M. Barkov yesterday

| ——Fare Nov 1012 EBL commaend
wm Faee Nov 2012 » M.‘“
F Hgh viate HBG mesvared
weapo= Low state 20002010 meazured
cuh e Nebyic ot ol 2010 peavred
S— Crab ncbuls

I

T

10 "

£? dN/dE [TeV / e s)

]

—

[ =]
erﬁ’Tn'T;llaln"l
—l
o
O

| Low state (2009/10) |

200 300 e 2o 1b000

E [GeV]

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 SR ORURSIIEIC QIR (ele 1Y



.

AGN

HE/VHE Y-Rays

Nikishov (1962), Jelley (1966), Gould & Schreder (1966)
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Nikishov (1962), Jelley (1966), Gould & Schreder (TT86)




AGN

UV/O/IR

Photons

<
Nikishov (1962), Jelley (1966), Gould & Schreder (T986)
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Energy
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Nikishov (1962), Jelley (1966), Gould & Schreder (TT86)
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‘\’\,\A f
Pair production:
VTev YEBL = €71 € b

‘E’YEEBL ~ 4(m602)2 M | MGV2 A
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The EBL energy density: models ICRR,
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Dominguez et al.,, MNRAS 410, 2556 (2010)

w—— this work
= + = Franceschini+ 08
100 , — ' — — . = = Gilmore+ 10
- T _ ~ Aharonian+ 06
oAl —== Mazin & Raue 07 - realistic
- Mazin & Raue 07 - extreme
). w— Albert+ 08
O Schlegel+ 98
Hauser+ 98
4 \ Finkbeiner+ 00
\ ~>  Lagache+ 00
Gardner+ 00
Gorjian+ 00
‘ A7 | | © Cambrésy+ 01
- | b\ Madau & Pozzetti 01
1 0 i , Y N \\\ \

L
] @
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Metcalfe+ 03
Chary+ 04
Fazio+ 04, Franceschini+ 08
Xu+ 05
* 1of ¥ | Matsumoto+ 05
Frayer+ 06
Bernstein+ 07
Levenson & Wright 08
Matsuura+ 10
Hopwood+ 10
Béthermin+ 10
Berta+ 10
Keenan+ 10
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Imprint of the EBL on spectra of HE/VHE
gamma ray spectra of distant sources

ICRR

Institute for Cosmic Ray Research

Ap-Degz 1t

Max-Planck-Institut fiir Physik Dalgersity of Tole
(Werner-Heisenberg-Institut)
@ Cross section of pair production: @ Attenuation of Gamma-ray flux is
calculated by integrating over number
® peaks at ~4*Ethreshold density of EBL, angles between

photons, and distance to the source.

® Delta function approximation is _ _ -
@® The attenuation factor is sensitive to

not precise .
P the EBL density
i
= F 10
= [ r ~— ' ‘
o | averaged over all 6 angles S —— > = 0.1, 0.3, 0.6, 1.0
10" |
5 10!
B = \\
. & 102 X
-2 > .
10 3 @ \
: \'
: 102 \ “
-3 T 2 121111111 g 1111111: s 3 sl PR .
1 ) ; ‘
max X = (ErevEeaL ) / (Mg ) Energy [TeV]

Dominguez et al., MNRAS 410,2556 (2010)

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 26
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1ES 1011+496 flare (Feb’14)

University of Tokyo
Max-Planck-Institut fiir Physik
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E>200 GeV light curve 2014 Feb 5 — March 7 estimated intrinsic photon index
7=0.212 %10
P MAGIC

N Crab nebula flux 3
8 F { ] MAGIC coll., JHEA 5 r
§ E ........................................ é ?5:‘: l ‘ . } ‘ .
A = e L <
Aoisf } £ | b ||| 1L
= B 2 2~ [
5 ! s F I I ~ ‘
= |

- & L
Nw 0.1~ { { { 5 15—
* N : L
S T  F
_’3‘ 0.05 ™ } } { 1:-
w005 -

B L L

: 1001 XXA } } f { } { o5t

56700 56710 56720 " rene (D) '
Time [MJD]

MAGIC coll. submitted to A&A

@ Highest ever flux from this source in X- and y rays

@® Large VHE flux variability in day timescales

@ No evidence for intra-night variability (~40’ /night snapshots)
@ Relatively stable spectral shape through the flare

See talk by A. Moralejo on Monday

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 27



1ES 1011+496 flare (Feb’14)

ICRR
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University of Tokyo

»
oD

No EBL

N
a

de-absorbed with the Dominguez 2011 EBL model

N
A

E? dF/dE (TeV cm™? s)
=
Observed/expected events
> > > w»

-
A

* MAGIC, observed

Best-fit EBL MAG l C

1.07 x Dominguez 2011

. JrJr

log-parabola fits

08

08

o 'T—i—+ I

1 lllllll

-

11111 L 1 L

]
MAGIC coll. submitted to A&A

10° 10° E (GeV)

@® Comparable with previous
results

B H.ES.S. 2013
Fermi-LAT 2012

@® No indication of extra EBL
sources or tension with
lower limits

B this work:

Energy [GeV)

EBL SED constraints

- 107¢

AF, = 12.27 (+2.75, -2.29) 00505

10° 10°

0°
Energy [GeV]

a0t o

.i’;ﬂ?iiiﬂ
i

fa_n

i
.D,.

-
P P— -

l‘:

-----

|l DA D

1l i AT A

1 10 107

at1.4 pm

nW m“sr

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27

See talk by A. Moralejo on Monday



EBL constraints with many ICRR
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SOUrces | B S

Max-Planck-Institut fiir Physik
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Grid scan : L
H.E.S.S. spectrum [ > Fit intrinsic + EBL i 7.5 NOETR = T
absorption with every i ' ) l
shape on the grid o
T Cteerwed e | E teastes ‘e, l
- _).E b Deaduobod Wit beaft sioe G ; .."'
: rerss prempuen < . PRELIMINARY
2w ¢ . ) . > "‘. Y
E } .' LY ‘ 1 | — BeSt F't Envelwe (ZZ"“'+ 1 ) :.u;; sne "‘ Il
Lol ' 1 & EBL spline around best fit spline S
LR ] ’ '.a-') 1 0 +
" > £ 4
| | 2 _I ,/’ r
3 f f t a m
g L - t
.,.E_ < 1 o contour *
Example spectrum and fit ur /&\ . :
@ 0
w ‘ ke B R
Combine all [ s study L ;
Bast fit spline and - "—‘—r-f—-
- o datasets | ... Including systematics %) y ¥
(" 1) interval E l 3
N | [[_JHESSs2013 -
B Wavelength | | Franceschini+ 2008 I
—e&— Biteau+ 2015
4 Lower limits
+90 1ES 1101-232 T~ T Uoper imits N W
1 11 11 | | | | | | | | | | L1 1 11
1 10 102
(A 11 o
+180 -180°

@ — There might be a bias through
Power Law hypothesis

1ES 0229+200

AN 1ES 0347-121

PKS 2155-304
(8 subsets)

® + EBL model independent constraints

PKS 2005-489
H 2356-309 (2 subsets) tevcat.uchicago.edu

See talk by F. Schuessler on Monday

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October



Also distant sources available! % ICRR,

Institute for Cosmic Ray Research
University of Tokyo

Max-Planck-Institut fiir Physik
(Werner-He isenberg -Institut)

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 [553+113 HBL H.ES.S/MAGIC 2006.03 z~ 0.5
|ES 06474250 HBL MAGIC 2011.09 z =045

4C +21.35 FSRQ MAGIC 2010.06 z=0432

Daniel Mazin TeVPA, Kashiwa, Japan, 2015 October 27 30



PKS 1441+25 flare (z=0.939)

ICRR

Institute for Cosmic Ray Research
University of Tokyo
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(Werner-Heisenberg-Institut)

—

(=]
-
=)

Corrected for EBL

—

<

Energy flux v F, [ergcm?s™]

—

(=]
-
N

Fermi-LA1I' VERITAS
4x10* 10°

2x10°  3x10°
Energy [MeV]

@ Not sure about details of the analysis

@ but derived upper limits by VERITAS
are similar as the ones derived by
MAGIC

EBL intensity [ nW mi? sr]

10—

I I ! I I

| [ | | l
20 | —®— Biteau & Williams (2015) - 68% c.I.

H.E.S.S. (2013) - 68% c.l.

v

1 Upper limits

direct observations

Fermi-LAT (2012) -

/

68% c.. » 3 l
*

Lower limits T
galaxy counts

§‘VERITAS - 95% c.l. upper limit
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Lorentz invariance Violation
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@® Using flare Mrk 501 data

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

@ IACTs are best for quadratic term

95% CL Quantum Gravity limits

Linear term Quadratic term
Sub-luminal 8.5 x 107 GeV 1.15x 10" GeV
Supra-luminal 6.4 x 10" GeV 1.0 x 10" GeV

PKS 2155-304 (sub.)

GRB 090510 (sub. / sup.)

Mrk 501 (MAGIC 2005)

2.1x 10" GeV

6.4 x 10" GeV

(1.8 x 10 /3.2 x 10'°) GeV (4.0x10"°/3.0x 10" ) GeV

2.1x10"7 GeV

26 x 10" GeV
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@ The instruments are getting better!
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@® Field far from being saturated

@ Missing (even after CTA): large FoV to look for transients
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* First glimpse of the LMC
population of (stellar-type)
particle accelerators

= Extreme environment:

» Large CR density
= Large IR
— Very efficient radiation mechanisms

= First TeV superbubble

= Possible sources of UHECRSs

First ":' 4 ' First

extragalactic =\ ' o S Superbub
Stellar _ luminous

— See talk by A. Viana later today
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FSRQs highlights: PKS 1441425

Ap-Dozi 1t
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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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Light curve variation
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Flux enhancement o

Limits from IACTs: axions
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@ Contradicting results:
J. Biteau & D. Williams (2015) vs. D. Horns & M. Meyer (2012)
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