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OUTLINE OF THIS TALK

» Few words about CTA" - 7
-8 3 ’ ) A i o
- The CTA Extragalactic and AGN Science Programme
= |
= - CTA probes of the extreme extragalactic sky

« Extreme blazars with- CTA " :

-
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THE CHERENKOV TELESCOPE ARRAY @

In 32 countries
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cta

THE CTA TELESCOPE PROTOTYPES

Credit: Gabriel Pérez Diaz, IAC
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CTA PERFORMANCE IN CONTEXT |

Cld

T

—-
- |

1 III”I

| — . Llll'll

1
WWW,Cla-ObServalony onglscenceitta-performancey (prod3ov1)

By
w
o
o
g |
E 10°R —
g E =
5| :
- =
q
- I
W 10" -
~  Differential flux sensitivity &
P- i ' Alllll ' L 'S Llllll 'S s A llllll 'S A e llilll —J
1072 10" 1 10 10°

Energy ER (TeV)

https://www.cta-observatory.org/science/cta-performance/

eXtreme19 — Padova — JAN/2019

A factor of 5-20x
improvement in
differential sensitivity

relative to current
IACTS

Extension of the
accessible energy
range from below 100
GeV to above 100 TeV



CTA PERFORMANCE IN CONTEXT I
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Comparison with X-ray

Takahashi et al. 2012

and other high-ener : , . . 2
instrumentsg i i flom]  [Mev] p[Ge¥] i [Tev]
108 L IBIS/ISGRI

| | ' ]
! HXD-GSOf ! ' |
| :\/ : :

R : - : :

110710 E | COMPTEL : :

n Crab ! '
:tlrJL : : MAGIC!

o | > ey A ' ' !

: : W4.360 : :

- | : :

© 0-12 | HXD—PIN : 8 : 1

@)} : : \\\ :

. 1 | '

1) ! ' '

- | : Y B R T

L : : : \;\

N _— ] | ] [ B -

= 10 14 : HY| : : : \\\
| / [ ' i e

Chanldro : , | Mo
L/ : : :
V. : : !
1016 E E : :
102 104 106 108 10'0 1012 1014

eXtreme19 — Padova — JAN/2019

Energy [eV]



PRECISION HIGH-ENERGY SPECTRA
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Disentangling
hadronic from
leptonic scenarios
for AGNs
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CTA PERFORMANCE IN CONTEXT IlI Cta

CTA will be a high-energy
transient factory

Orders of magnitude
advantage over Fermi-
LAT in intra-day
timescales: GRBs, AGN
flares, binaries.
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Caveat & Synergies: Limited “Science with CTA Book”
FoV, depending on external
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THE NEW WINDOW OF MULTI-MESSENGER Cta
ASTROPHYSICS!

Detection of a gravitational wave event Chasing e s g;-;m fv;gg,,ga A mm,m:«
following a GRB onset and MWL follow-up

SClence RYAAAS
© First-time detection of VHE gamma rays by MAGIC from

a direction consistent with the recent EHE neutrino
event iceCube-170922A AR ST

A Fermi-LAT detection of increased gamma-ray activity of
Credouial | TXS 05064056, located inside the IceCube-170922A

Sobjects. Opescal, Gana error reglon.

ATel M1 ; Yesupuls T. Tansde (Hirmhina Usiversity ), Sara Buwsan (NASAGSFC), Danied
Kocoahd ENASAIMSPT) om dekall of che ¥ ermi LAT collabaranen
on 28 Sep 2007; 10:00UT
Creslesnad Cornificaniom. Dl 1. Thownpson { David J Thompson® sast gov |

[2Tris:  oox cracszaa

|wDEER: 21914

|STBIECT: loeCube-1T92IA - lcelube cheeswatics of & Sigh-esergy seutriso casdidate event
|oaTes 12/0072 > :u 29:24 oY

:na. Erik Bissfess ot T, Waryland/loeCude <blaaluss?igecebe.and.odo>

Sabpcae: Camena Ray, Nesttioos, AON

 NEUTRINOS

FROM A BLAZAR

Neutrinos: recent association of an extragalactic
flaring blazar with an lceCube neutrino event
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cta

THE THICK OF CTA SCIENCE

« Understanding the Origin and Role of Relativistic Cosmic Particles

— What are the sites of high-energy particle acceleration in the universe?
— What are the mechanisms for cosmic particle acceleration?
— What role do accelerated particles play on star formation and galaxy evolution?

* Probing Extreme Environments

— What physical processes are at work close to neutron stars and black holes?
— What are the characteristics of relativistic jets, winds and explosions?
— How intense are radiation fields and magnetic fields in cosmic voids?

« Exploring Frontier Physics

— What is the nature of dark matter? How is it distributed?
— Are there quantum gravity effects on photon propagation?
— Do axion-like particles exist?

eXtreme19 — Padova — JAN/2019 12



THE THICK OF CTA SCIENCE Cta |

« Understanding the Origin and Role of Relativistic Cosmic Particles
* Probing Extreme Environments
+ Exploring Frontier Physics

« 9 Key Science Projects (KSPs) and 1 DM Programme

— KSPs are defined as a set of complex and time-demanding observations
addressing multiple science questions within CTA themes

* Focuses on major and legacy projects

— surveys and population studies for legacy catalogues and data sets
— studies of sources as a class

— plus focus on a few iconic objects

eXtreme19 — Padova — JAN/2019 13
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POSSIBLE KSP VS G.O. TIME BUDGET Cta
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THE VHE SKY TODAY Cta

Credits: CTA Consortium _ +80' 360 Fermi-LAT sources E>50 GeV
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2FHL Ackermann+16

Only ~25% of the 2FHL sources have been previously detected by Cherenkov telescopes.
2FHL provides a reservoir of candidates to be followed up at very high energies.

eXtreme19 — Padova — JAN/2019 16



THE EXPECTED CTA ALL SKY VIEW

Thousands of VHE — —
Sources in Total = gl=aasy 4ox

S

Known sources:
¥¢ TeVCat

Galactic targets:

@ Supernova remnants
® Pulsars

Extragalactic targets:
® Blazars

rants
1sars

Extragalactic targets:
® Bazars
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> 300 expected
Extragalactic Objects
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CTA EXTRAGALACTIC SURVEY @

Unbiased survey of 1/4 sky to 6 mCrab

+ performed above b > 5°, over galactic longitudes
-90° <1< 90°

+ region includes Virgo & Coma clusters, Fermi
bubbles, and Cen A

— VHE population studies and their duty cycle;
— total time of about 1000 hours over 10 years;

galactic latitude (deg)
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galactic latitude (deg)

cta

CTA EXTRAGALACTIC SURVEY

Unbiased survey of 1/4 sky to 6 mCrab

+ performed above b > 5°, over galactic longitudes
-90° <1< 90°

+ region includes Virgo & Coma clusters, Fermi
bubbles, and Cen A

— VHE population studies and their duty cycle;
— total time of about 1000 hours over 10 years;

Aims:

+ unbiased determination of logN-log$S of

gamma-ray AGN (BL LACs + FSRQ)

- discovery of extreme blazars peaking in

the 100 GeV - 1 TeV region

serendipitous detection of fast flares (hours)
unseen by Fermi-LAT and HAWC

discovery of gamma-ray emission from new
classes like Seyferts and ULIRGs

discovery of dark sources with no
astrophysical counterparts

detection of gamma-ray bursts (GRBs) in
prompt phase at VHEs (a hard onel)

study of large scale anisotropies in the
electron spectrum beyond 100 GeV

19
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CTA EXTRAGALACTIC SURVEY
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QUEST FOR EXTREME BLAZARS Cta

_lllllllllllllllllllll_ll]llllllllllllllllll

NEW OLD

Discovery of extreme blazars peaking
in the 100 GeV - 10 TeV region
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(Costamante 2001)
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These are prime sources in terms of population :
studies for CTA, as they would be important for 10 15 20 25 10 15 20 25

EBL and IGMF studies, peaking at VHE energies. Log v [rest frame]
The Fermi blazer sequence
Concerning AGN science, EHBLs must either have Ghisellini et al. 2017

strong hadronic component or operate under
unusual deep Klein-Nishina regime.

Examples: Mkns 421 and 501, 1ES 0229+200
all of which have quiescent fluxes ~ 200 mCrab
>> 6 mCrab sensitivity of CTA

=> 200x larger volume space for searches.
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QUEST FOR EXTREME BLAZARS

cta

Can appear as hard TeV sources, but also as weak HBLs in the
Fermi bands, which makes them a population at the edge of

detectability, from which is hard to extrapolate predictions.

25 sources classified as

"' E SEDs from SSDC website .
2 59 —Efor all TeV sources in TeVCat
() =
1010 -
E o
I L ]
10'11 :E ae
- g
102 = af ig
= %
= 1{ ¢ My
10'13 ? .‘:‘ I! ...
= 3 2
10-14EF .:'.!ao
S u
10-15 E ; oi‘
§ ; i..l
10718 . reliminar
E : 1ES 0229+200 P y
II ll II II Il lI II II II II II lI Il l| I| II II II II |
10° 10" 10° 10" 107 100 10 10® . é)ézency&gf;]mz"
eXtreme19 — Padova — JAN/2019 22



QUEST FOR EXTREME BLAZARS
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Can appear as hard TeV sources, but also aJ MAGIC detects an unprecedented activity from the blazar
, -

Fermi bands, which makes them a populatic
detectability, from which is hard to extrapold

1ES 1218+304 at very high energy gamma rays
ATel #12354; Razmik Mirzoyan on behalf of the MAGIC
Collaboration
on 3 Jan 2019; 22:11 UT

SEDs from SSDC website
for all TeV sources in TeV|

ﬂf[_I'ITI'ﬂT

Credential Certification: Razmik Mirzoyan
(Razmik.Mirzoyan@mpp.mpg.de)

Subjects: Gamma Ray, >GeV, TeV, VHE, AGN, Blazar

Referred to by ATel #: 12360, 12365

The MAGIC telescopes have observed unprecedented level
of very-high-energy (VHE; >100 GeV) gamma-ray flux from
1ES 1218+304 (12h21m21.941s, +30d10m37.11s, J2000.0).
The preliminary analysis of the data from 2018/12/31 to
2019/01/02 indicates a VHE gamma-ray flux reaching the
level of ~25 % of the flux from the Crab nebula above 100
GeV. Compared to the quiescent state reported by VERITAS,
this implies an increase by a factor of ~4. The previous record
of VHE gamma-ray flux of this source was ~20% of the flux
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- guaefie
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= 11
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1ES 022
P T I T T
10° 10" 10’

from the Crab nebula above 100 GeV. It was measured by
VERITAS on the night of 30 January 2009 (2010ApJ,709L,
163A). 1ES 1218+304 is a high-synchrotron-peaked BL Lac

P3

| object located at redshift z=0.182. It was first recognized as a |
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QUEST FOR EXTREME BLAZARS

Catalogues such as the 1BIGB (Arsioli et al. 2017, 2018) contain 150 extragalactic
EHSP candidate sources, at the limit of Fermi-LAT detectability and provide a guide

for targeted searches with CTA.

Arsioli et al. 2018

Fermi plays an
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CURRENT VHE LIST & VIEW

cta

Systematic view provided by MAGIC and VERITAS, which have been observing
EHBLs systematically for almost a decade.
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VERITAS EHBL
Monitoring
List

See Gueta’s talk on
Tuesday!

1ES 0502+675

= \
= HMM»J.

i :
?sHW&WWMo“mM’
;T'

Source Z FoM
TXS 0210+515 0.049 1.3
1ES 0229+200 0.139 2.0
PGC 2402248 0.065 1.0
TXS 0637-128 2.5
BZB J0809+3455 0.083 0.3
RBS 0723 0.198 1.3
1ES 0927+500 0.187 1.0
RBS 0921 0.236 0.6
1ES 1426+428 0.129 4.0
1ES 2037+521 0.053 0.5
RGB J2042+244 0.104 0.8
RGB J2313+147 0.163 0.3

a) New TeV emitter

MAGIC EHBL
Observation Log!

See Vandad'’s talk on

Tuesday!

b) Not included in population study

a,b
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CURRENT VHE LIST & VIEW

cta

Systematic view provided by MAGIC and VERITAS, which have been observing
EHBLs systematically for almost a decade.
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Source Z FoM
TXS 0210+515 0.049 13 |a
1ES 0229+200 0.139 2.0
PGC 2402248 0.065 1.0 |ab
TXS 0637-128 2.5
BZB J0809+3455 0.083 0.3
Tuesday! RBS 0723 0.198 1.3 | a
1ES 0927+500 0.187 1.0
DDC NQO2D1 N 29°0C aWAy

b) Not included in population study

MAGIC EHBL
Observation Log!

See Vandad'’s talk on
Tuesday!
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THANK YOU

ulisses@cbpf.br

»
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