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> What is the Extragalactic Background Light (EBL)?

ESSLer il

G-Ell-_-l'l'l':'l-i"ﬂ_'r'

/ Space Telescope

100

1
Aharonian+ 06
: { ——— Mazin & Raue 07 - realistic
'|'f'—; Mazin & Raue 07 - extreme
=— Alberi+ 08

[ <L
‘;: — Meyer+ 12
: L Wl . = Schlegel+ 98

Hauser+ 98
Finkbeiner+ 00
Lagache+ 00
Gardner+ 00
Gorjian+ 00
Cambrésy+ 01
Madau & Pozzetti 01
Metcalle+ 03
GChary+ 04

Fazio+ 04; Franceschini+ 08
Xu+ 05
Matsumoto+ 05
Frayer+ 08
Bernstein+ 07
Levenson & Wright 08
Matsuura+ 10
Hopwood+ 10
Béthermin+ 10
Berta+ 10

Keenan+ 10
Matsucka+ 11
Mattila+ 11
Béthermin+ 12

O& ¢

10

Davelopment of
Blg Bang Expansion
13.7 blllion years

AL [nW m—2sr 1]

2
=
c
o
E
o
=
-
5
Q
-]
C]

Pattern  Dark Ages

380,000 yrs. |

<\ HeO® N 8C P - 4EVAS O

Aftarglow Light
Infiation

10 100 1000
A [um] [Rrom: Dominguez 2012]

Light emitted by star light  Reprocessed star
& from AGN light/AGN radiation

-> constraints on galaxy evolution, star formation activity, dust-extinction processes, etc
—-> understanding cosmic structure formation & evolution
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<« ermi Attenuation of y-ray source spectra by EBL

Gamma-ray

¢ Space Telescope

distant AGN as probes *
of the EBL

Emitted spectrum

E2 dN/dE

Energy E
Fo(E;z=0) X
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s, ey Under-determined System

GI_ITI

amma-ray
.{. Space [ elascope

Source
distance

EBL
density &
evolution

Intrinsic
source
spectrum

[Adapted from:
Costamante 2013]
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probe IR/opt
range of EBL

probe

today's EBL

» require

assumptions on
Intrinsic source
spectrum &
UV/NIR EBL

flux ratio

constrain

IR/opt.-EBL,

z<0.5

The Gamma-Ray Horizon

Gamma Ray Opacity of the Universe

10“? ] 1 LB ll ] ] 1 LI II I I I
= — Finke et al. (2009)
% - =+ Stecker et al. (2006)

1l= *;:\ -+++ Kneiske et al. (2004)

10°E | 1ol — - Gilmore et al. (2008)

E o '-.\- B = = Franceschini et al. (2008)
N § -.'\."\ \
0 ~ LS N :

10F |= "\'\.\ 8

= w ey,
o W "y
- LIJ \_‘:‘; .‘:‘::\\ 1
e : * ~ :\:...:;.. ""‘--,‘H

1 [ i ST

10 Lo %”‘\

B F - 5,3 -
— < \' ?‘ —

i) I .1] 'l |_ ) ke S ~

“EF S My

OF |8 43
n o T'YY — l LL

1 0-3 . 2 L1 vl 1 L JaFrlO{nl:lkae e|t al %01?]

0.01 0.1 1 2 34
Z
= g ~ 0.8 eV/ [(1+2) E, 1ov]

—)

® probes opt/UV
range of EBL

B probes evolution
of EBL

adds /information
on unabsorbed

part of source

spectrum; lever

arm!

constrains

opt./UV-EBL,

z>0.5
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@, ermi Different methods to infer intrinsic source spectrum

G-EIF!'-H'IE-TE]-'

/ Space Telescope

« Extrapolation of LAT-spectrum to high energies
LAT-data _ _
only N ... using simple power law —> [Abdo etal. ‘10]
. using LogParabola —> [Ackermann etal. ‘12]

LAT- & 5 requiring softening of VHE-spectrum -> [Georganopoulos etal ‘10]

IACT data  ,sing one-zone SSC modelling — -> [e.g., Mankuzhiyil etal 2010,
Dominguez etal. ‘13
MWL data 7 / /

« Application of plausibility arguments on source spectra

e only\ hardness limit, smooth spectral shape, no up-turns/pile-ups,

—> [Aharonian etal. ‘06, Mazin & Raue ‘O7,Abramowski etal ‘13,

LAT- & _yMeye

IACT data

r etal '12, ..]

Anita Reimer, Innsbruck University EWASS 2013, Turku, July 2013
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S A— Hardness constraints on source spectra

G-EIF!'-H'IE-TE}'

/ Space Telescope

[Aharonian et al 2006]

1ES 1101-232

* energy-dependent attenuation
feature in 2 high-z blazar
(1ES1101-232: z=0.186,
H2356-309: z=0.165)

|
W

I
—
o

« I'=1.5 hardness limit applied

|
—
—

Log E2dN/dFE [erg em-2 s-!]

=12 o B
o 100 ] FIE.

-13

Ener!gy [TeV]

vi(v) [nW/m? sr]

-> Gamma-ray horizon larger
than previously estimated

PO.55
P0.45

10

Alpm]
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‘@S 2P ML Shape constraints on source spectra
G-EIFY'-I'I'IE-TE]-'

/ Space Telascope

iy p | II ..p....l [Mazin & Raue 2007, Meyer et al 2012, Abramowski etal 2012]

» VHE / HE+VHE shape constraints:

smooth functions, no pile-ups, I'21.5, (2/3)
[Mazin&Raue'07,Meyer etal’12, Abramowski etal ‘13],

VHE-HE index/concavity [meyer etar12]

T IIIIII.|_

2 gt
v (nW m™ sr
- L] L ] L ] L} -

10

- = 9 /e

L ]
L] L]
L ] L ]
. .
T T T T TTTTT T T T T T TTT

. . i Franceschini et al, 2008
—  Enelske & Dole 2010

[Mazin & Raue I2007]

= — Dominguez at al, 2011

10" 1 10 10° it — Upper limits, Ahs
nm Upper limits, Aha 1['2 L ;.yy/ ,-‘;::'/,-{ /f;_"';.-' ﬁd Hn.é1§.5. h;*"h' enérg‘_.f B
- '-"'-\-‘ == Upper [imits, Ma; [ - %;//{{;% 1
. . sin  Upper limits, Alb i ; T Il H.E.s.s. full dataset ]
o g " Upper imits, this i i ?g%%f:f;? [ ] H.E.5.5. high energy |
Lo | v : e ::;f; HES.S.contour |
— L A ; i i iy (sys + stat 5
o Ly - // i tow | ull | high
L B L AN FERITR sl by il
: » - O
. T 7
; L & e
£ . a1l " ;’f’.:*”/;
107 h.-E .--//
i
% B = »%/
St c 1u = sy /:f-//.f///'i:
"'S; il : ’z:,-f{:;f%
wt [ ]
< [ A
B i Galaxy counts X i
. _ N / i ]
[Abramowski etal 2013] st
. |[Meyer etal 2012] . . i d pad G b . g B B pak TEE ;
lD z 1 1 1 | T I | 1 1 1 11 111 1 1 1 111 11 -
107 10° 10 10° 1 0 A [um]

A (um)
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T A— The EBL @ opt/UV after 1 year LAT operation

G-EII-_-I'I'I':'I-"H‘-'
./I 5|‘|.7|(FTE'|-.-"~':I.'(.I|?F
[Abdo et al, 2010, ApJd, 723, 1082]
1 i i
- S First Year of Fermi data:
s -Ruled Y ; ‘ _ .
- e\ L reject with high significance
- out % 3
- : [HEP:>8.90, LRT: >11.40]
304i i EBL models that predict large
: _anceschinielal.z[}ﬂﬂ(z=1} OpaCitieS in the 20_50 GeV
gal e et et & energy range for distant sources
[ e i \ 7~1...4).
07 L ) Lo oq o ] e R - —_— .’T":;:-‘_L ( )
1 10 10?
Observed Photon Energy (GeV)
Source Z s || el Buas)
EBL absorption negligible at J1147-3812 | 1.05 | 73.7 1.33
<15 GeV for z<2 J150441029 | 1.84 | 48.9 1.82
J0808-0751 | 1.84 | 46.8 2.03
J1016+0513 | 1.71 | 43.3 0.83
J0229-3643 | 2.11 | 31.9 0.97
. with (robust) upper limits In the range: |71012+2439 | 1.81 | 27.6 2.41

Anita Reimer, Innsbruck University

EWASS 2013, Turku, July 2013
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@, ermi The EBL @ opt/UV after 46 months of LAT operation -,
Gamma-ray ———————————————————————————————————————— .

g e lemcne TAckermann et al 2012, Science, 338, 1190]
» 46-months of 1-500 GeV data

o “best” (>3c @3-10 GeV) 150 BL Lacs from 2LAC (‘non-variable’ in 2LAC)

L

: a2

~aTowscops
i

~

?0‘&

e sub-divided into 3 redshift bins (50 sources each):

: 0.2 ....0.5, 0.5 ... 1.6
27 HSPs, 18 ISPs, 5 LSPs 10 HSPs, 19 ISP, 21 LSPs

« Goal: Disentangling intrinsic curvature from EBL-caused absorption

LAT energy range helps: negligible absorption in the EBL

— for < 15 GeV for sources @ any z<

2
} E.. ~ 170 (1+2)24 GeV

— for < 100 GeV for z<0.2 sources

—-> observational access to intrinsic source spectrum
(parametrized as LogParabola) @ gamma rays

Anita Reimer, Innsbruck University EWASS 2013, Turku, July 2013
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T — The Composite-Likelihood Method

/ Space Telescope
Goal: collective deviation of observed spectrum from its intrinsic one

Assumption: intrinsic spectrum represented by LogParabola within LAT E-range

In each redshift bin...

- Tfit spectra of all sources independently
- LogParabola-fit in [1GeV,E ;] -> Intrinsic spectrum

& extrapolation to high energies

- Spectra of all sources modified by common term exp[-b t(E,z)]
[combine likelihoods]

Procedure:

T \IIH—E

10" Foelimingby | .
oo SRS dmi F(E)obs = F(E)intrexp[_b i T(E7Z)modelj |
:0 : Test:
§° (1) No EBL:
E l Null Hypothesis b=0
‘"’“_ (2) Model prediction correct:
| smimades || \ j Null hypothests b=14

10-7102 10° 10? | ‘*Ilos | 10"
TS=2 [ Log L(b) - Log L(b=0/1) ]

MeV
[From: Ajello etal 2012]

Anita Reimer, Innsbruck University EWASS 2013, Turku, July 2013
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‘xﬁ--ij_)mf RQSU/tS
J Gamma-ray
/ Space Telescope
Many EBL models tested: .
no EBL model prediction correct ‘
v v
Model® Significance of b=0 Rejection® be Significance of b=1 Rejection?
Stecker et al. (2006) — fast evolution 4.6 0.10+0.02
Stecker et al. (2006) — baseline 4.6 0.12+0.03 - .
Kneiske et al. (2004) — high UV 5.1 0.37+0.08 rejectipn
Kneiske et al. (2004) — best fit 5.8 0.53+0.12 >30
Gilmore et al. (2012) — fiducial 5.6 0.67+0.14
Primack et al. (2005) 5.5 0.774+0.15
Dominguez et al. (2011) 5.9 1.02+0.23
Finke et al. (2010) — model C 5.8 0.86+0.23
Franceschini et al. (2008) 5.9 1.02+0.23
Gilmore et al. (2012) — fixed 5.8 1.021+0.22
Kneiske & Dole (2010) 5.7 0.90+0.19
Gilmore et al. (2009) — fiducial 5.8 0.99+0.22

e Chance probability of no EBL: ~6 0
—> significant steepening Iin blazar spectra for z20.5

« Data compatible with low-opacity models
(i.e., EBL @ galaxy counts level)

Anita Reimer, Innsbruck University EWASS 2013, Turku, July 2013
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T A—— Collective imprint of EBL absorption in y-spectra

GEIF!'-I'I'IE-TE]-'
/ Space Telescope
N In each redshift bin:
R T ] « Composite likelihood in small energy bins
| e Franceschini et al. 2008 & |
SEELLLTETY] Dominguez et al. 2011
051 Kneiske et al. 2004 - highlV 7] . .
e o et _ -> no spectral softening in blazar spectra
o z<02 1
oL ] z<0.2 below ~150 GeV
e S i
—> cutoff moves in redshift & energy as
V0| - ) )
° ot expected for low-opacity EBL absorption
i 0.2=z<05 . I
o S -
L Ackermann+12 | -> spectral softening due to absorption in
the EBL if BL Lac properties do not
“L ] change significantly across z~0.2 barrier
r Dh<z<1b - - 77
of ) (“cosmic conspiracy’)
10 I — ‘ll_'l'!2

Enerqgy [GeV]

Anita Reimer, Innsbruck University EWASS 2013, Turku, July 2013



T A—— The LogParabola assumption as intrinsic spectrum

G-EIF!'-H'IE-TE}'

/ Space Telescope
1-4_1 T T T T & T T T T T
i ] |Erk421| . e
12 = T s E
: —+- : | Fr T e
3 T =y { + ] Tr P s
£ r : [ -
508 ] ¥ P To-
0.6:— —: mﬂ? F
: 2<0.2 i - ;_ﬁ.bd_o'.".l.l.r,.i'qp.‘}-.f 73#7” 13i|
Y '”1'5‘5.,9,;”.;9\}1 G - i 1 i
,F RBS 0413 _
107 -
« EBL-caused absorption in the near w [ i :
Universe (z<0.2) negligible for E<150GeV _?; [ #r...--g—--h_‘ I ]
£ e s
. . gm"‘l’é‘? g | o o
« GeV-to-TeV fit to LogParabola suitable = F :f,
: Aliu+12,ApJ 750, 94 -
1™ paal Lo sl Lo sy angl

10" e 10°

[From: Ajello etal 2012]
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s ermi On disentangling intrinsic from EBL-caused absorption 8 ,\\}‘
B\ AT,
S st

BUT: - intrinsic absorption possible [reimer 2007] —> source selection:
BL Lac objects

— softening of BL Lac spectra along sequence HSP - ISP - LSP
[e.g. Abdo etal.2010, Ackermann etal.2011]

—-> test EBL signal in each blazar

FSRQs sub-type sample separately:
2 L A B z<0.2: no EBL softening detected
- BLLac - HSPs (41 HSPs, 10 ISPs, 5 LSPs)
N —
s & #% . z20.2:
_‘E 2.5 ¢ ] HSPs (50) : b:1-04+0'32_0_28, TS~24
3 . ISPs (30) : b=2.13**11 o, TS~9
B ] LSPs (23) : b=0.43*0-67_,_  TS~1
) . 7 > 1 - =1. +0.27
Spectral index & redshift range weighted average: b=1.04"%7 5,
1.5 PR TS~38
distinctive feature of source type |
0 05 1 15 2 25 3 3.5
[Abdo et al, 2010] redshift

Anita Reimer, Innsbruck University EWASS 2013, Turku, July 2013
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L p— Extension of LAT-spectrum by SSC-modelling

G-EII-_-lTIEI-TE]-'

f‘ Cnara Talasrana
4 Mknd21 (fast) (2 = 0.031) Ey = (10.42 + 7.72) TeV
i 10-#

[ B
E oM HE [erg ¢m—? 5]
13
x5

B —10 05 0.0 05 1.0 L5
log,, (Energy/TeV)

PKS2155-304 (fast) (z = 0.116) Ep = (0.77 £ 0.17) TeV

[

=I5 —1.0 05 0.0 0.5 1.0 1.5
log,p (Energy/TeV)

[Dominguez et al 2013]

(hom. one-zone) SSC-modeling of
15 TeV BL Lacs with quasi-sim
MWL (1IrR-Gev)-data to describe
Intrinsic spectrum

comparison to observed 1ACT
spectrum & maximum likelihood
polynomial fitting of log t(log E)
under some assumptions for 1(E)
1ES1|101 -232 -:'flnst] (z= (J.ILSGJ Fp= ':.(}"M s ('I.I.')?I] TeV

0T i 18 20 22 21 20 28
logy, (1HZ)

0.5 1.0 L5

1.5 —10 —0.5 0.0
logiy (Energy/TeV)

Anita Reimer, Innsbruck University

EWASS 2013, Turku, July 2013
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‘@S5 ermi

F Gan—'ma'?a]"
¥ AR S

EBL summary

Cosmic ~-ray horizon, I, [TeV]

This work
Dominguez+ 11

T T T T T T T T T
LAT best fit -- 1 sigma

LAT best fit -- 2 sigma
Franceschini et al. 2008
Finke et al. 2010 — model C

Stecker et al. 2012 — High Opacity
Stecker et al. 2012 - Low Opacity
Kneiske et al. 2004 - highUV
Kneiske et al. 2004 -- best fit
Kneiske & Dole 2010
Dominguez et al. 2011
Gilmore et al. 2012 — fiducial

TR

It

l
El
i
H
H
®
¥

[ ] Abdo et al. 2010 : =
~ _
& ]

s z-1.0
e e | ermapn et al 2012] 3

Ackermann et al. 2012
. O et al. 2011
Mazin & Raue 2007 {realistic)
= Mazin & Raue 2007 {extremsa}
Aharonian et al. 2006
----- Dominguez et al. 2011
Xu et al. 2005
Gardner et al. 2000
Madau & Pozzettl 2000
Matusmoto et al. 2005
Keenan et al. 2010
Cambresy et al. 2001
Metcalfe et al, 2003
Gorjian et al. 2000
Fazio et al. 2004
Dwek & Arendt 1998
Levenson & Wright 20038
Elbaz et al. 2002
Hopwood et al, 2010
Chary et al, 2004
Papovich et al. 2004
0O Finkbeiner et al. 2000
X Matsuura et al, 2010
B Frayeretal. 2006
@ Daole et al. 2008
A Altieri et al. 2010
O Hauser et al. 1998
) Schlegel et al. L9998

Jy [GeV]

<00 TVORDACDE: 4@

10°

[Krennrich&Orri13]
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A ey EBL Conclusions & Implications

G-Ell-_-l'l'l':'l-"ﬂ_'r'

./I Space [ elascope

o Stellar peak of the EBL SED (~0.4-10um) in agreement with “minimum EBL
flux” from galaxy counts

e excess contribution (above galaxy counts EBL level) from Pop 111 stars disfavored
from constraints @VHESs [Aharonian etal 06,Mazin&Raue’07]

 From LAT EBL analysis:
UV component of EBL ~ 3 nW m=2sr-1 @ z~1
HST galaxy counts: 2.9-3.9 nW m=2sr=1 [Gardner etal 2000]
—> residual diffuse UV background small

 massive star SFR peak <0.5 M_,.yr-*Mpc—= & @ z>10

sun

» BUT some challenges:
— the strange case of PKS1424+24 (see A. Furniss Talk)
— unusual hard VHE spectra of some high-z blazars

Anita Reimer, Innsbruck University EWASS 2013, Turku, July 2013



a . The evolving extragalactic photon density

ESSv erml
/' Gamma-ray
Snare Talacrans

M}

Wish list for CTA:

B

Ideally, one would
like to probe the
energy- & redshift
resolved
extragalactic
photon density.

!

Vo i, B, RIS
-3

luminosity density
B

Requirements:
~= more high-z probing
sources
e Iimproved understanding
of intrinsic source HE
spectra

Anita Reimer, Innsbruck University EWASS 2013, Turku, July 2013
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— —_— On the SED of mis-aligned blazars

G-EIF!'-H'IE-TE}'

/ Space Telescope

—> understanding intrinsic AGN spectra using mis-aligned blazars?

D=[I'(1-B cos 0)]-* -> affects

- enerqgy scale: E -> E’-D
— luminosity: L ->L" A
— variability: t -> t/D

[Ajello etal’l2]

A ~ D4+20c
B/oad Line
Region Zér (EIC)

_ D3+oc
(SSC)

Accretion
Disk

Energy

Are HE spectra of radio galaxies de-beamed only versions of blazar
spectra?

Anita Reimer, Innsbruck University EWASS 2013, Turku, July 2013
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— —_— Unifying AGN

G-EIF!'-H'IE-TE}'

/ Space Telescope

Blazar
low power i B G high power
E
:
=]
B
Seyfert 2 iy ° - .. [Elitzur 2011]
3 )-/\l iy 2V X NNCY ey Clumpy®Unification
- accretion disc .
g £ - \ secon i [e.g., Elitzur 2011, 2012]
e
) Further possible aspects:

Seyfert 1 ,'/\ Geometry Of BLR, NLR

http://arxiv.org/pdf/1302.1397v1.pdf (Shel I ’ Sphe re’ tO rOidaI . f)) ’
corona, accretion rate,

“Minimal Unification” black hole mass,..
[Urry & Padovani 1995]

Anita Reimer, Innsbruck University EWASS 2013, Turku, July 2013
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‘@ ermi
/' Gammaray
Space Telescope

Mis-aligned AGN (MAGN) at high energies

i N G A i

NGC1218
NGC1275
0625-354
M87
CenA
NGC6251
IC310
CenB

Fornax A

FRI:

FRI
FRI
FRI
FRI
FRI
FRI

FRI

FRI

0.029
0.018
0.055
0.004
0.0009

+ + + +

m m

0.024

0.019
0.013

el Mt Bt B

0.006

L~ 10444 erg/s,

~2.0
M ~2.0
cand. ~1.9
HMV =~2.2
H ~2.8
~2.2
M ~2.1
~2.3
~2.2

~43.0
~44.0
~44.0
~41.7
~41.1
~43.3
~42.9
~42.9
~41.7

~years

~week-month var.

1d-TeV var.

~years
~years

1d-VHE var.

~years

[~ 1.9-2.2 (except. CenA)

[Abdo etal ‘10, Nolan etal. ‘12, Brown&Adams’'12, Ackermann etal ‘13]

Anita Reimer, Innsbruck University
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‘@5 ermi Mis-aligned AGN (MAGN) at high energies
W Lo 2

3C111 FRII/BLRG  (0.049 ~44.0 ~months var.
3C120 FRI/BLRG ~ 0.033 L ~2.7 ~43.4 ~months var.
3C207 FRIISSRQ 0681 | ~2.4  ~46.4
3C380 FRII/SSRQ  0.692 | ~2.3  ~46.6
0943- 76 FRII 0.27 L ~2.4 ~45.4
Pic A FRII 0035 | ~2.9  ~433
[Abdo etal ‘10, Nolan etal ‘12, Brown&Adams'12, Ackermann etal ‘13]
BLRG: L~ 1043-44 erg/s, r,~2.5-2.7

FRI1&SSRQ: L~ 104 erg/s, I' )~ 2.3-2.9

=> No FRII, BLRGs yet detected at VHEs

Anita Reimer, Innsbruck University EWASS 2013, Turku, July 2013
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— —_— HE properties of mis-aligned blazars

G-EII-_-lTIEI-TE]-'

/ Space Telescope

FRI/FRI1 luminosity puzzle

T [ T T T [ r T T [ T [ T T * FRII &FSRQs tend to be more
! ] luminous than FRI &BL Lacs
M - Lt -
i - i BRI 1 <+ FRI &BL Lacs span larger luminosity
= | T | LSl o -] -
| cona @ - ° ot Pe ik 2% 1 range than FRIIl &FSRQs
E = o o a EF "f#u;‘?‘ g:b" :, |
el NGCBE51 ' i “:,_"F;H“nﬂ: L T )
s + | *’;:.f...a;!-"_‘”i' e | ¢ FRI tend to be more separated
bngﬂb I o o
E | Cen.B. 8 % :'aﬁ'ﬂ- T 1 from blazar range than FRI11
: B Hntlmno - :é.nnﬂ % g LI
E i For# 1C310 g %,‘?: = f = % 3
o " Ipsosge %:ﬂ,a“ 5 | -> different beaming patterns,
n | wm | g Hes TqEn . . jet structure (inner fast
I L | spine&external slow layer),...?
o[ o ° o J
— o % 0o o
B 2 o BL LAC |
| o FRI = FSRQ ]
i 4 ¢ FRI &BL Lacs tend to possess
| 1 | I | 1 1 | | '] L I L 1 L | 1 | 1 h
- arder spectra than FRI1
40 42 44 46 48 50 P

&FSRQs
Log L, [100 MeV-10 GeV] (erg s7') N

[adapted from Abdo etal 2010]
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@by crml Case study: FRI M87 @ high energies

CI-EI""TI':'I Tay

"' Space [ elascope

— Mg ~(2-6) 10°M,

-0~ 15-25°

MB7 Nucleus July 17, 2002

HST STIS/IMAMA

Nucleus

»
A

500 light-years
153 pc 179

cm~? 571

By 10

no significant HE variability

—-> compact emitting region of
size comparable to
Schwarzschild radius ~10t5cm

rapid day-scale VHE variability,

By

fAbramOWsk/ et al 2012l R .
oL P £f 3 o P a
35 i e o +* L & W i f 3
o HESS [ ' : j '
& MAGIC 2010 éi' .
M = VERTAS ] f-
—— Fit: ®, e * 8t o | _1F
as — o
, = :
|| 1 1‘, |
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= Case study: FRI M87 @ high energies

‘Essermil
G-EI'-_'l'I'I':'I""EI_'r'
W e [Abdo et al 2009]
10_11 - R R | L R Pl | | LR TS LI | RIS B | LR TR ] | !
e VHE: ' M87
hard spectrum (I'~2.2) extending up L+
beyond ~10 TeV - ‘H‘ *|'
= JOE g i -
S
e HE: o —4 1
PL photon index comparable to VHE = ¢ /
(I'~-2.2), extension underpredicts > 107 -
high-state TeV emission component : ~
VHE spectrum coﬁ§istent
with straight PL
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E [MeV]
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@ ormi Case study: FRI NGC 1275 @ high energies 4
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Gamma-ray
Space [ elascope

— Mg ~(2-3) 108M,
- @~ 18°

[Grandi et al 2012] o

- Jet-disk connection [Chatterjee etal'11]

« Connection between y-ray flare
(Oct/Nov’'08) & ejection of new

radio knot

« y-ray flare during increasing
mm-X flux (Oct/Nov'08) &

ejection of new radio knot

 implied radio-y co-spatiality
suggests compact y-ray emission
region <0.1pc within ~0.3pc

distance from black hole

e Not listed in 1FHL
as likely VHE
candidate source
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> Radio-quiet AGN as gamma ray emitter?

ESSLer il

G-Ell-_-l'l'l':'l-i"ﬂ_'r'

./ Space Telescope
[Ackermann et al 2012]

« 120 hard X-ray selected Sy with F;; ;95e0>2-5 10-1terg cm=2s-1 & radio-loudness
parameter R.,<10-4 from 58months BAT catalog

-> Upper limit (>0.1GeV,95% conf.limit) @ few 10-°ph cm-2s-1

. corresponding to L /L, < 0.01..0.1 => LAT upper limits on GeV luminosity
probe ~1% of L,

10*°

'w [ V¢ LAT upper limits 71 e detection of Sys’ ISM emission @GeVs

5 10%F ' 1 require ~factor 10 sensitivity improvement
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* NLSyl: see F. D’Ammando’s Talk
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) Conclusions & expectations for CTA

ESSLer il

Expected CTA  ArrayE

 Optical peak of today’'s EBL at galaxy
\.  sensitivity s

counts level assuming ‘reasonable’ shapes
for blazars SEDs

—> justified?

-
o
-

E? dN/dE (erg cm? s7)

Y
o
-

-
-
--------

« LAT has detected imprint of EBL 102
absorption in 3 redshift bins up to z~1.6

-> goal for CTA: probe energy & redshift *"gAS28@ 200 77

resolved extragalactic photon density | ' T gy

-IIII| T IIIIIII| T IIIIIII| T IIIIIII| T T TTTTT

« HE radio galaxies: -> y-ray emission from jet
— compact emission region (core) —> blazars physics @ large viewing angle
- lobes (e.g. CenA) -> energy transport along jet

FRI: HE @ VHE sources
FRII: not (yet?) detected above tens of GeV

 Radio-quiet Sy: - no jet emission detected @ HE from Sy galaxies
- Sy’s ISM emission detectable in CTA energy range?
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