Berrie Giebels, Laboratoire Leprince-Ringuet, Ecole polytechnique

e (Progress on) Flat-spectrum Radio Quasars, GeV and TeV
e GeV-TeV observations of (Low-frequency peaked) BL Lacs
e Developments on fast VHE variability

e Perspectives



Active Galaxies in GeV-TeV ~-Rays::High/GeV and Very High/TeV

Y | incoming gamma ray

CANGAROO 111

electron-positron pair
CDE: Csl Detectors +PIN diodes (both ends) Carbon Cell Array Al Cell Closeout

VERITAS

Readout Electronics

Al EMI Shield

Fermi ACT EAS
Effective area [m?] ~1 o ~ 10° 10°@10TeV
Angular resolution | 3.5° X (tponpey) 0.1° 0.5°
FOV S 5° 2sr
Energy resolution | < 10%®@ 10(100) GeV | 20(10)% @500g103) GeV + syst!
Sensitivity 10712 (1yr) 10~3(50h) 10712 (1yr)
[erg cm™2 571
Duty cycle ~ 90% ~ 10%(1000 h) > 90%




Active Galaxies in GeV-TeV ~-Rays::Fermi's Sky

e ACT entered astronomy era during CGRO operations
=EGRET sensitivity declining at Ey > 1 GeV and off-axis
= Little or no information about existing faint and “hard sources " [ < 2

10000 AGILE, EGRET & COMPTEL EFFECTIVE AREAS
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- & A ¥ EGRET (0,20,30,40 deg)
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- 1000 0 deg
— 7000 — —~ f —
: ™o 3 %
o = Mot -
w CO00F ) *
o — 20 deg
@ 5000 — < 100 —
2 = s A
T 4000 — o 30 deg
LY ~ L
e _E =
® 3000 w -
E 10 2 40 deg
2000 — I Pt
= oy
1000 5 E: .
D |: 11 II 1 1 11 111 II 1 1 11 111 II 1 1 11 111 II 1 L i
ho? 10° 10* 10° 1 10 100 1000 10000
Energy (MeV) ENERGY (MeV)

e Very limited guidance for restricted TeV observatories
= VHE discovery strategies rely on (mostly) archival X-ray properties



e Fermi improves sensitivity, field of view and range to £, > 100 GeV
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Active Galaxies in GeV-TeV ~-Rays::Fermi's Sky

Census of 1LAC Sources
AGN Type Number of AGNs in

Entire High-confidence Clean

1LAC Sample Sample* Sample*

All 709 663 599
FSRQ 296 281 248
...LSP 189 185 171
...ISP 3 2 1
...HSP 2 2 1
BL Lac 300 291 275
...LSP 69 67 62
...ISP 46 44 44
...HSP 118 117 113
Other AGN 41 30 26
Unknown 72 61 50

First LAT AGN Catalogue (1LAC)
TS>25, August 2008 — July 2009

FSRQ
BLLAC

e Blazars equally divided between:

— [ > 2.2 (highly) variable FSRQs
— [ < 2.2 mostly non-variable BL Lacs
— No redshift for ~ 60% of BL Lacs

e New subclasses of non-blazar types?
— -ray emission from Seyfert galaxies
= coming from jet or starburst?
— Radio-loud Narrow-line Syl's
= really a new class of AGN?

e Fermi Symposium 2011: A wealth of
new discoveries, studies, measurements
=2 AC available soon



Active Galaxies in GeV-TeV ~-Rays::Fermi's Sky
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e Bright(est) blazars sampled at At ~ 3d(3-6 h; Sharrato+ 2011) and T = 1(3) yr
= Tyy(Ey =1 —10GeV) < 1 constrains 6 =D = [[(1 - 3 - n)] t>2-7

>100 MeV €XCESS r-m.s.. Oxg |Sp ~ 0.3 > OXS ISP ™ 0.2 > OXS HSP ~ 0

P(V) N V_1'4:|:0'1 FSRQ
V_1'7:|:O'3 BL Lac

= Low-frequency rollover v exists, little noise leakage
=High-frequency cutoff v~ (?) for ACTs, red noise leakage at low frequency



Active Galaxies in GeV-TeV ~-Rays::Variability (Gaskell & Klimek 2003)

e What is the amplitude of variability
e How are the amplitudes related to the timescales? (“Power Density Spectrum™)

e \WWhat are the timescales of variability? What are the shortest timescales? What
are the longest timescales? Are there preferred timescales?

e |s variability periodic?
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e 3C454.3 in Nov 2010 L = 2 x 10°Y erg s 1 brightest blazar in ~-ray history

e Largest non-GRB luminosity fluctuations L /At ~ 1040 Lgo/ty erg 52
= 3 x 10 erg s largest TeV fluctuations from PKS 2155-304
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e PKS 1222421 (z = 0.432) detected at
“TeV" energies with ~ Crab flux!

e Significant variability with To ~ 10
—Fastest variability ever observed |
FSRQ at any A
= Ty < 1 constrains 0 > 15

e VHE spectrum compatible with Fermi
extrapolated spectrum
=no significant intrinsic BLR ~~ at-
tenuation

e 3C279 spectrum less significant and
not contemporaneous with Fermi

e no details on PKS 1510-08 detection by
HESS
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e gamma-ray resolved giant lobes in Centaurus A (Abdo+ 2010)

e once subtracted, core spectrum compatible with HESS spectrum PL over almost
5 decades

e Careful with claims of additional radiative VHE component
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e gamma-ray resolved giant lobes in Centaurus A (Abdo+ 2010)

e once subtracted, core spectrum compatible with HESS spectrum PL over almost
5 decades

e Careful with claims of additional radiative VHE component



Active Galaxies in GeV-TeV ~v-Rays::VHE

+180

http://tevcat.in2p3.fr
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H 14264428

1ES 1959+
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2344+,

1995
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Discovery year

e "TeV" extragalactic emitters are

— 3 unkown (See Szostek+ Poster)

— 2 starburst galaxies
— 3 radio galaxies/FR |
—3 FSRQ

— BL Lacertae among which

*x 29 HBL
x4 |BL
x4 LBL

e Discovery rate 0.5 yr_1

= 5yr_1

e Most recent VHE emitters discoveries
based on Fermi indications



Active Galaxies in GeV-TeV

~v-Rays::Finding VHE Targets

Fortin,

-
L

M T

[erg cm?s™]

E% dNIdE
=

. Powerlaw (E>100-MeV)-

e/ @ Power law (E>1 GeV)- .
2 Log parabola (E>100-MeV) -
1 I | h
- - o ey e

Fig.-1:-SED-of-good-TeV-candidate-showing-no-evidence-for-curva-
ture.

! Power-law-(E>100-MeV)-
. \'\d"‘“ Power law (E>1-GeV)-
WUE @ Log-parabola (E>100-MeV) =

5
Erivgm' [MeV]
Fig.-2: SED-of bad-TeV-candidate.- Clear-evidence for-curvature.

Horan & Ferrara 2009; arXiv:0912.3698

VERITAS'’ Recent Blazar Detections (2009-2010 season
All observations (excluding RBS0413) were motivated by Fermi-LAT detections.
RBS 0413 g

i, . I VER 05214211
H “%, N IS(;; "15 b i * ' Unclssified, assumed blazar
i . in «~180in 15 hr

« VHE candidate prior to Fermi = X C"‘”A‘:‘"" L‘ﬁsﬂu o
launch, X-ray bright HBL . i D“""", IR cors)
F B;z‘mn"“ S s taton) E bright flare
e 72, Joint VERITAS/ v e
Fermi il
1ESOSQ2+675 I © RXJ064B7+I516
. +~120in 30 hr | * Unclassified, assumed blaza
[ 5% Crab, Atel #2301 o | +~520inl8
[ -HBL - * 2% Crab, Atel #2486
2 under debate “ 2 unl
o e
Les0414+009 N .
~7gin45 hr IES1440+122
2% Crab i *~520n 50
= 2=0267 Ly [+ <% Crab, Atel #2786
* One of the furthest ° = IBL {LAT hard spectrum)
biazars with a well-determined " . -z=0l162
» Previous H.ES S./Fermi-L Al P——
e e

Cannon+ 2010, 8th Integral Symp.

e extract the v < 2 spectra from 1LAC
and test

F(E)dE «c E~"dE
at energies E > 1GeV and versus
F(E)dE oc E2TPI(E)gE.
See Fortin, Horan-+ poster

e Many new targets found for all major
Cerenkov telescopes



e Fermi-LAT counterparts of known
extragalactic VHE emitters:

Mostly power
F(E) = No(£) "

= 1.5 SJ FHE < 2 while FVHE > 2

TeV emitters have the hardest Fermi

spectra

e Normalizations generally in good agree-

ment

=HE counterparts mostly non-variable

e unseen HE sources still compatible with

I'HE ~ 15

law

spectra
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e GeV-TeV spectrum of 1ES 12184304 (Albert+ 2006)
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o GeV-TeV spectrum of 1ES 12184304 with Al = 1.17 {
['vhE = 3.08

e Power law confidence region extrapolation without EBL
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e 7y-rays can interact with cosmological backgrounds E- E; > 2m3c*

=Observed spectrum Fe(£) — e~ T(E12) & FUHE int(Ev)

‘ i l—p [ / I
™ (Ey, z) :/O df(z)/1 du T// de" ne(e', z) oy (E5, €, )
- Cth

e Minimal EBL used to derive minimal Al'(z) = Tyyr — THE
= if ['yye = MHE + Al(z) then spectral break not intrinsic
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e GeV-TeV spectrum of 1ES 12184304 with Al = 1.17 HE
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e Power law confidence region extrapolation without EBL

e Power law confidence region x ¢~ T(E,2=0.182)

=-spectral rollover compatible with extended and attenuated Fermi spectrum
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Redshift z

e Distribution compatible with extrinsic attenuations + intrinsic curvature

e Possibly first direct evidence for a cosmological absorption a la GZK on AGN

e Intrinsic IC peak undefined when I'yg < 2 and 'y = ITye + Al(2)
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GAMMA-RAY ASTRONOMY

Catching photons from hel

Francis Halzen

THE most energetic y-rays yet discovered
fromm beyond our Galaxy are described
by Punch ef al. on page 477 of this
issuc'. The source, Markarian 421, is a
prant elliptical galaxy harbouring an ac-
tive nucleus, That a distant source like
this can be seen at all in teraclectronvall
(TeV = 10" eV) rays implies that its
intrinsic luminosity may exceed by 10
orders of magnitude that of souwrces in
our Galaxy such s the Crab supernova
reminant.

Fluxes of astronomical high-energy
photons are so small that cven the latest
satellite  experiments, such as  the
EGRET detector on the Compion j=ray
Ohbservatory,  cannot  extend  their
ohservations bevond energies of 10 GeV
{10 &¥). The key to TeV astronomy
and beyond is the use of the Earth's
atmosphere  as  the  active  detector
vlume, A mirror with 2% aperture views
photon-induced particle showers in the
atmosphere over an effective arca of 10F
m’. A L5 TeV photon will produce
several hundred electrons at an altitude
of 1 km. Although the shower is
absorbed n the air, the Cerenkov radia-
tion produced by the shower particles
can be detected with mirrors viewing the
sky from mountams during clear, moon-
less mights.

452

This Cerenkov method conveniently
becomes operative at a threshold not far
above the energy at which satellites be-
come insensitive, The real experimental
problem s that y-ray signals  are
drowned in a1 background of showers
produced by cosmic ray nuclei, Back-
ground showers fortunately differ in two
easential ways. Most of them will not
onginate from the direction of the yray
source, and they produce hadronic {nuc-
lear) rather than purely electromagnetic
showers,

The Whipple Observatory, on Mount
Hopkins in Arizona, has over 1000 fast
photomultiphers e map  the image
painted by the showers on i 1-m
aperture”. Pattern recognition  techni-
ques are applicd to the shower images to
reject  hadron-imbated  events with a
minimal depletion of the photon signal.
This technique has been fine-tuned in
ohservations of the Crab Nebula. The
measured fux (10" erg 57') has since
been confirmed by two French expern-
ments in the Pyrences, and the Crab
i the ‘standard candle” for TeV as-
romomy,

The Whipple telescope was trained on
ME421 from March o June of this year,
Although the galaxy is 107 times further
from us than is the Crah, the count rate

© 1292 Nature Pubdishing Group

e TeV ~-ray flares from Mkn421 seen by the Whipple observatory (Gaidos 1992)

e Variability on timescales < 15" (T, ~ 3At)

=Doppler factor 6 > 10 if 7 < 1 (Celotti, Fabian & Rees 1998)
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ASTROPHYSICS

Photons from a hotter hell

Trevor Weekes

Blazars are massive black holes sending out particle jets at close to the
speed of light. Stupendously fast, intense bursts of highly energetic y-rays
indicate that the blazar environme nt is even more extreme than was thought.

Serendipity has always played a large part in
astronomy. Detecting the -lived, violent
phenomena characteristic of high-energy
astrophysics is a case in point, Catching these
transient signals as they appear, dominate the
sky briefly, and disappear again — perthaps
neverto be repeated — requires not only the
right telescope, but also the luck of pointing it
in the right direction. When technology and
serendipity do come together, dramatic results
can follow:

An @xampleocfsur_'h an auspicious conjunc-
tiom is given by two papers from the Astrophysi-
cal Journal", in which two separate teams of
astronomenrs report the detection of powerful
‘bursts of teraelectromvolt (TeV) y-rays lasting
just minutes, the shortest time ever observed.
The sources, billions of light years away, are

two blazars’ — black holes of more than 100
million solar masses that signal their presence
through jets of charged particles emitted at
almost the speed of light.

The detection of high-energy y- ray emission
from blazars is not new. The y-ray telescape
EGRET, on NASAs Compton y-Ray Observa-
tory, was sensitive to photons 100 million
times more energetic than optical photons,
and reparted the detection of somi 70 blazars
almostadecade ago. The new generation of tele-
scopes, with acronyms such as CANGAROO-
11, HESS, MAGIC and VERITAS, is sensitive
to TeV y-rays 1,000 times more energetic again,
and has already estal‘ﬁuﬁdscme &0 sources,
including 15blazars™”. In the Universe that
is being revealed by these telescopes, violent,
high-energy phenomena are commonplace.
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Figure1| Cosmic rollercoaster. The y-ray flux from the blazar FKS 2155-304 at energjes above
0.2 TeV, observed by HESS' an 28 July 2006, Five overlapping emission peaks were seen, each with rise
times of just a few minutes. The data are binned in one-minute intervals; the horizontal line shows the

TI I- 1 E MJ D539 mxﬁmthe&abmb\llnammmgenmm;mmmﬁ'\fih' (Plot reproduced from ref, 1.)
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e GRB-like generalized Gaussian shapes /(t) = lpe 7rd

e Fastest significant rise/fall time is

— 2)1/,£ | 173 £ 28 sfor PKS 2155 — 304 >1 Ey=1TeV
fr= A “r =\ ~ 180 for Mkn 501 MY ~1 if§ > 50



Active Galaxies in GeV-TeV ~-Rays::VHE variability

e Black hole mass in PKS 2155-304 estimated at Mpys = 1 — 2 x 10° M,
=Light crossing time

et = 2GMPKS/C3 = Rs/C =3—06h
— tLCT/tvar — 60 — 120 when tLCT/tval’ < 1in GRB

—"[..] we would not expect to see large amplitude variability on much shorter
timescales” (Sikora-+ 1994)

—"[..] the jet becomes radiative on scales much larger than the central source
dimension” (Spada+ 2001)

o Assume R > Rs — t/. = 6 Ltyar > ticT
= large Doppler boost § > 60 — 120 x R/Rq
“[..]observed variability imprinted either by a small fraction of the BH horizon”
(Begelman+ 2008)=-"jets in a jet” (Giannos, Uzdensky & Begelman)
0 no longer indicative of jet properties D? (Ghisellini++ 2010)
=-Needle/jet structured model (Tavecchio & Ghisellini 2009)
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e What is the amplitude of variability in
the dynamic range?

e energy-binned light curve on 4 nights
= Fyar(E) oc EV19
similar behaviour in synchrotron radia-
tion

e Possibly related to energy-dependent
cooling time scales

e Also found in Mkn 501 data (MAGIC
collaboration 2007)



Active Galaxies in GeV-TeV ~-Rays::VHE variability

e Variance of a light curve ®(t) expressed as

B T o 1/At
av_/o (b(t) — @) dt—/ P(v)dy

1/T

with P(v) = N \ F(v )\2 the Power Density Spectrum

and usually P() oc v~ over a broad range for X-ray observations of AGN

e However ®(t) affected by discontinuities and gaps inherent to ACTs
= &(n) = ¢(n) - w(n) - n(n)
= ¢(n) is just one realization of the stationary random process
=Misleading artefacts in frequency space for all transforms

e Derive o &= 0, from likelihood comparison of N > 1 stochastic process simula-
tions with experimental conditions (sampling, flux uncertainties, run resets, daily

observation length) assuming signal is red noise (using Timmer & Konig 1995
light curve method).



Active Galaxies in GeV-TeV ~-Rays::VHE variability

e First VHE PDS (ever) on “Big Flare” light curve

= Red noise fluctuations with

Plv) x v a<?2

e Maximum likelihood method using simulated
structure functions extended to 4 consecutive
high-state nights converges to

a=232=x0.12

e Maximum likelihood method using simulated
Fourier transforms to 4 consecutive high-state
nights converges to

- +0.22

e Compatible with archival X-ray PDS
no indication of low/high-frequency cutoff

P, [ rms?Hz "]
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Active Galaxies in GeV-TeV ~-Rays::VHE variability
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e linear rms-flux relation and gaussian
distribution of log flux
=-variations are lognormal

1 @ X-ray Lognormal fluctuations unrelated

to jet except one BL Lac:

SAX J1808 (Uttley & McHardy 2001)
Mrk 766 (Vaughan+ 2003)

IRAS 13244-3809 (Gaskell 2004)
Cygnus X-1 (Uttley+ 2005)

BL Lac (Giebels & Degrange 2009)
— s o (0.15 — 0.3)0

e | C result of many independent stochas-
tic processes?
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Active Galaxies in GeV-TeV ~-Rays::VHE variability

Accretion rate fluctuations at various disk radii

Source of N .
variability variations | Jet Physics
hit jet Observed
eg accretion Non-linear P | Flux variations
X-ray emitting ,
disc corona rate fluctuations response
from disc

McHardy 2008; PoS

e Uttley & McHardy (2001): “Subdivision of magnetic reconnection energy release
as an avalanche occuring on large scales in the corona” or “radius-dependent
fluctuations in the mass accretion rate as modelled in Lyubarskii+ (1997)"

e Photon breeding mechanism (Stern & Poutanen 2006)

= Link lognormal distribution to underlying physics
= Difficult measurement but lognormality needs to be searched for



0.0

Proxy light curves...

W = /dV( <5’U¢5’U7~> <5B¢5B >)

7 'W ‘” “ﬂ JW \‘M

- Black = instantaneous accretion rate onto BH

Red = Yolume iqtegrated stress

1 |

0

20x10° 4.0x10° 6.0x10° 8.0x10° 1.0x10°
Time (GM/c)

1.2x10"




Black = Mdot
Red = Stress

Blue = Log-norm




Active Galaxies in GeV-TeV ~-Rays::Variability

e What is the amplitude of variability in the dynamic range/at various wavebands?
e How are the amplitudes related to the timescales? (“Power Density Spectrum™)

e \WWhat are the timescales of variability? What are the shortest timescales? What
are the longest timescales? Are there preferred timescales?

e |s variability periodic?
e |s there evidence for non-linear behavior?
e How does the variability vary with luminosity in the d. r./at various wavebands?

e Can the variability properties of an AGN change with time?
= “are AGNs moody?”



Active Galaxies in GeV-TeV ~-Rays::VHE/X-ray correlations?

e VHE ~-ray and X-ray flux correlated
n(Fy)

= growing literature on Fy o< Fy
e Instances of no correlated variability
challenging for simple SSC (one zone

homogenous) models

—in Mkn 421 (Acciari+ 2009)

—in PKS 2155-304 (Abdo & Aharo-
nian+ 2010, Aharonian+ 2004)

=claimed as evidence for hadronic
emission (see also Poster Cerruti)

e “[..] protons, despite being efficiently
accelerated [..] are more likely to re-

main radiatively passive in AGN jets.”
(Sikora 2011)
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Active Galaxies in GeV-TeV ~-Rays::VHE/X-ray correlations?

— 7
- [ - 107
0
o B —
E 0]
Q 1 U = ,J'j/ _E
S = / - 10°®
o C / ]
(=) 3 [
% -11 Ff " o~
2 10" & ' = 'n o
= = v - ¢ 10
o - ) - 5
L ] n >
i 0 - o
: w
=12 | ] =3 -10|
1007 E '. = Z 10
- l: - T
B Ii | -1
102 = *
\ ! [ 1072k
-5 -7 -B -5 -4 -3 -2 -1 a 3 4 5 I:] 7 B L 1 | 1 | 1 1 1 1 1 1 | 1 | 1 | 1 | |
107107 10710710710710°10" 1 10 10° 10" 10" 10" 10" 10" 10 10°10 ™10 ™10 ™10 ™10™°10° 10° 107 20° 10° 10* 10° 107 10" 10° 10" 10* 10° 10°
E [MEV] Energy (GeV)

e Stationary SSC models usually adjust well to HBL
— PKS 2155-304 MWL “quiescent state” and PG 1553+113 SED

e 100% variation in X-ray emitting e > 10° for PKS 2155 and PG 1553
=< 50% variability at £, < 1TeV
= Current ACTs not sensitive to quiescent-state energetic electron fluctuations



e Emerging source class for ACT

e All have issues with overpredicting the
simultaneous our contemporaneous HE
flux as measured by Fermi with SSC
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e What is the amplitude of variability ?
e How are the amplitudes related to the timescales? (“Power Density Spectrum™)

e \WWhat are the timescales of variability? What are the shortest timescales? What
are the longest timescales? Are there preferred timescales?

e |s variability periodic?
e |s there evidence for non-linear behavior?
e How does the variability vary with luminosity ?

e Can the variability properties of an AGN change with time?
=

e How is variability of the various continua related?



Active Galaxies in GeV-TeV ~v-Rays::Perspectives::Short Term

Upcoming 28-m class HESS?2 telescope

e Statistical nature of the quiescent ~y-ray emission of PKS 2155-304
e Quiescent level of less bright AGN (PKS 2005-489, AP Librae, ..)
e Spectrally resolved burst analyses of flaring AGN

e Light curve/variability of LBL/FSRQ AGN

e improve Al = f(z) at z > 0.2 with better o
=> joint/intercalibrated analyses to fit EBL shapes beyond Al'?



Active Galaxies in GeV-TeV ~-Rays::Perspectives::Long Term
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Design Concepts for the
Cherenkov Telescope Array
CTA

An Advanced Facility for Ground-Based
High-Energy Gamma-Ray Astronomy

The CTA Consortium

May 2010

50hrs

20 wide-angle
10 m telescopes

1 delatalle Perez,
1 Biller, astro-ph
0602284

e CTA: 5-10 improvement in sensitivity in
100 GeV — 10 TeV

extensions << 100 GeV and > 100 TeV.

e observatory to a wide astrophysics com-
munity

e AGN science case mainly:
— MWL observations to distinguish

emission models

— improved spectra and lower thresh-
old for EBL/EMF studies

— probing variability down to the short-
est time scales



e “Advertisement” for GLAST /Fermi

Flux (3100 MeV) cm-2s-1,

25710° performance based on EGRET “iconic”
F o observation of 16334382 variability
b D
: ST e Probably first computation of 0 based
i on pair production absorption at the
0.05_ source
g Tl e e s T e How to ‘“improve” the “iconic”
' PKS 2155-304 flaring observations?
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e Use generalized Gaussian
shape /(t) and improve
statistics by
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e What is the amplitude of variability ?
e How are the amplitudes related to the timescales? ( “Power Density Spectrum”)

e What are the timescales of variability? What are the shortest timescales? What
are the longest timescales? Are there preferred timescales?

e |s variability periodic?
e |s there evidence for non-linear behavior?
e How does the variability vary with luminosity ?

e Can the variability properties of an AGN change with time?
—

e How is variability of the various continua related?

e Are mean variability properties the same for different classes of AGN?

= e.g., LBL-IBL-HBL, FSRQs, Radio Galaxies

e Do AGNs of the same class have the same variability properties?
—



