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http://www.cta-observatory.org/consortium_authors/authors_2017_10.html
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Major TeV facilities

VERITAS ‘

4 Medium-Size Tel. ('"MSTs O
2007: Full operation

2009: Relocation of T1

2012: PMT upgrade

HAWC

Particle-detector water tanks

MAGIC

2 Large-Size Tel. ('LSTs')
2003: MAGIC-I

2009: MAGIC-II

2Q12: PMT upgrade

\ e L e ~=m
s ‘“ s

H.E.S.S.
=4 MSTs (2003) + 1 LST (2012)
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Evolution the TeV sky (cta

1989 - early 2000s
Childhood of gamma-ray astronomy, triggered by Whipple - Crab Nebula + ~5 AGNSs

2003-Now

Growth triggered by H.E.S.S./MAGIC (2003), VERITAS (2007), and more recently HAWC (2015)
- >200 sources! A much-larger-than-expected variety of objects!
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Selected results cta

TeV Astronomy: Nature & Science

. &
| » - <53?
. . o
@
R\ Z .
. Q%V@QQ " '
NI
- 1 a
X \ LARGE MAGELLANIC CLOUD I. v 250 !
SMALL MAGELLANIC CLOUD . 2007 | 7 r E
" 0
[]
Y
1 s
- 3
Blazar Mkn 421 E
£

. Detection of TeV photons froM'the active galaxy
_Markarfan 421, Nature 358, 477 (1992) ; - ‘ | &

. Extremely fapid bursts of TeV photons from the astive . s :
galgxy Markarian 421, Nature 383, 319 (1996‘ : i’ e |
91990 1995 2000 2005 2010 2015
Year

3 BiteaL’— LIV workshop @ LPNHE - 20%7-11-30



Selected results cta

TeV Astronomy: Nature & Science
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Selected results cta

TeV Astronomy: Nature & Science
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Selected results cta

TeV Astronomy: Nature & Science
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North: 9
. Gravitationally |€QSE

Full Galactic plane: 3 Milky Way's outskirts

Extragalactic: 1% TeV cené\ s over Y of the sii .
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Precision ¢ measurements

Imaging Atmospheric C Technique km

a. Shape of the shower - bckgd rejection
b. Size of the shower —» energy estimator
c. (Time gradient — direction estimator)

Multiplicity is key

Coincidence from ++ telescopes

o -
- precisionona, b, ¢ Today

Tomorrow
Telescope Size
Low-energy vy rays:

fainter C signal
— Large mirrors

Array

High-energy vy rays:
Scarcer (PWL spectra)
- Large array layout
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Brute-force solution

In an ideal world, with an infinite budget:

Pave kilometer-square areas with large telescopes, every ~100m (C ground imprint)

cta
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Optimized layout cta

Shower-based optimization
LST (~23m): low E ~20-200 GeV - MSTs: mid E ~0.2-2 TeV - SSTs: high E >2 TeV

Northern Hemisphere Type: Southern Hemisphere Type:
o ) [ "
F 23-MLST @ = . 23-MLST @
i - o 12-MMST  © . - 12-MMST  ©
/ p—y MAGIC O - . ° 4-MSST =
o i " N -

8 o . o O o

= = 0" o O "o =

o
i \ o2° [ ] 4 L = = = 0 0go@® O = = =
iy © m (@) . 0.0 . o =
a O O O O O a
250 m - " ' ] = ' " 4 | 1000 m
] o [

4 LSTs, 25 MSTs, 70 SSTs

Science-based optimization
North EGAL oriented: EBL absorption at high-E
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Key performance

Sensitivity++
10s of GeV to 100s of TeV

Field of view
MSTs:: ~5°x 5° -» ~8°x 8°

Angular resolution
Better than 3' > 1 TeV

resolution
apove 200 GeV
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Observation modes

Deep field

Optimal performance - particularly important for faint objects / highest-quality observation

¥

(c) Wally Pacholka | AstroPics.com
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(c) Wally Pacholka | AstroPics.com
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Divergent pointing option — trade-off between sensitivity for a fixed livetime vs energy & angular resolution
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Observation modes cta

Snapshot

Monitor ++ objects at the same time — repoint towards the 'bursting' one in < 50s for LSTs, < 90s for MSTs, SSTs

O S '

¥

(c) Wally Pacholka | AstroPics.com
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Key Questions (Cta,

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 in feedback 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? What is their evolution?

Exploring Frontiers in Physics

. What is the nature of dark matter? How is it distributed?
. Are there quantum gravitational effects on photon propagation?
. Do axion-like particles exist?
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Key Science Projects

Dark Matter CrlteEie Galactic AT Cosmic Ray | Star-forming G‘:T;ZSC Galaxy

Programme Centie Plane Survey galactic PeVatrons Systems . Clusters
Survey Survey Nuclei

AN

R

Understanding the
Origin and Role of

Exploring Frontiers
in Physics

v
o . (4
Relativistic Cosmic
Particles
Probing Extreme
Environments
v
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Number of sources

Number of sources

Large / deep surveys

Field of view & Two hemispheres
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6/ 'mCrab

-80

Extragalactic Survey - 1000h
30-150 srcs + unbiased + unexpected

Galactic Plane - 1600h
300-600 srcs + full Gal. + unexpected

Galactic Center - 300h
DM + SgrA*+ Ridge + Dozen srcs

Optical Bulge
Scale Height
Fermi Bubbles
Central Survey
Extended Survey

Longitude

\
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(a) CTA lepton-dominated case (Ap/Ae=0.01)

Ap/Ae = 0.01
gamma= 2.0
cutoff = 300 TeV

DEC (12000) [degree]
390

—
S5pe

RA (72000) [degree]
2595 259.0 2585 2580 2575

0.00 375 7.50 11.25 15.00
Counts pixel™

(b) CTA hadron-dominated case (Ap/Ae=100)

DEC (12000) [degree]

AApf’Ae = 100
390

gamma = 2.0
cutoff = 300 TeV

RA (J2000) [degree]

259.5 259, 2585 2580 2575
e ———— S |
0.00 275 5.50 825 11.00

Counts pixel™
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High-quality imaging cta

Field of view & Angular resolution

Example: Cen A - 150h (within AGN KSP)
. southern radio lobe fully covered

. kKpc scales can be resolved

. high-fidelity centroid location

Fermi [ HESS
(10 Gev) ' 3TeV)

¥, "<k . HESS centroid
S ‘error

+ M87 - 100h (AGN KSP) - radio lobe
J. Biteau - LIV workshop @ LPNHE - 2017-11-30
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High-quality imaging cta

Field of view & Angular resolution

Large Magellanic Cloud Survey - 250h
Face-on, dozen srcs incl. SN 1987A, superbubble, 2 powerful pulsars

54°00"

Star-forming systems - GPs + 450h: M31, NGC253, M82, Arp220 |8
From stellar clusters to starburst glaxies

ALMA FOV ™ =
u ~

HESS limit

Carina _ ; NGC 253
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High-quality spectra cta
Energy dispersion

Cosmic-ray Pevatrons - 300h
RXJ1713.7-3946 + 5 candidate PeVatrons detected in the Galactic Plane Survey

Active Galactic Nuclei - 300h on high-quality spectra + M87/CenA

~40 objects targeted: 3 already detected at TeV energies + ¥4 based on Fermi-LAT extrapolations

....... Crab (MAGIC)

— acceleration & radiative processes + propagation (EBL & IGMF) R A
— 107 = — e PG 1218+304 (z=0.184)
n B N"” 1070k ——a—— PKS 1958-179 (z = 0.65)
f}‘E B E Sl T e ——&—— PKS 0537441 (z = 0.892)
SIPST] I ; - e o e PKS0625-35 (with 10TeV cutoff)
> g 2 R EEL L PO PG 1218+304 (with 10TeV cutoff)
[} = = B
= F w o
= 3 10" g
pd E "
o 10 " E_ 5 - . Tt """HD-',..L.'
% F L B 2 s
o~ B B - o S lrdebrd
o2 = 12 T3 %-!;.’:?"*: Ty
= 10 3 bt o 4 :-;-:,.".,F* "_.y, E +
= B, RN
10 — Ecut =10 TeV . ,\: \\‘ : *—f—-' . 'i"’f
F —— E,,, =100 TeV ERAM , iy
-~ E_,=200TeV % 10F
107" ' ] o -
1 10 102 0.02 0.1 02 1 2 3456 10 20
Energy E(TeV) energy E(TeV)

J. Biteau - LIV workshop @ LPNHE - 2017-11-30 25/36



Transients & Outbursts cta

Effective area and Slewing

Crab SED during Flare

— |
[ T woees | Transients - 2000h (full-array follow-up)
EoE e T D %ee | Galactic transients, GRBs, MWL, v & GW, self-triggered transients
< b A MJD 59669
N Active Galactic Nuclei - 1500h (long-term monitoring)
" \;\ it Nin + sub-array snapshot / follow-up + 1200 h (full-array follow-up)
N . Variability of AGNs (FSRQs, BL Lacs, radio galaxies) on all time scales
: ::;E\ . New classes of TeV AGN - NLSy1?
.pays | ) Triggers to the outside world: < 1 min
Energy [TeV]
A ey L B A s A 60 | ' | ' j
N'S 40_MInUteS “ 1 i Seconds z=4.3, E>30GeV, 0.1 sec time bin |
S - p Bl g - @ g
g o w“ ‘ dlw J:H'l‘l,‘ ' "-'[!‘}‘z' i ..“‘ 15 = ﬁ' - .
_E - W ﬁm'll [ ’lfyﬂlu‘ - g 20 Al “ J“ | ‘ 'y
10 |— i — . !“ .' ‘: ||" H" ¥ ‘ ] 1‘ lil l'ﬂ
i s s i s 0 W;Mi ﬂ M“m fdudioiti IIL “
Time [min] 80 100

Tlme from GRB [sec]
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o v (cm’s™)

Astrophysics & beyond cta

Possible discoveries in fundamental physics!

Galaxy clusters - 300h on Perseus ol " NGC 1275 _ Preliminary
Perseus: structure formation shocks + cosmic-ray content ¢ ¢ o =50meV, g0, 0.5 10 1 GeV 1 4
of the intra-cluster medium + NGC 1275 & IC 310 T Prodi Norfh, T = 300hours
+ decaying DM and y-WISPs (axion-like) coupling z100E .
R g
= " = Simulation inpu 1
Dark Matter Program - GC + dSphs(300h) + 700h 5 [~ seswestrs *
. Ry 10718 E x?/d.o.f. =94.78 / 48 E
Down to the thermal cross section for WIMPs F 4 slmulatedcmpem 1
w0 P I L | ]
w 25 _
. e ﬂ+++ Fithytt ++ Hat +¢+++ bt

0 Lorentz Invariance 7=k s " TTHE T T

107t 10°

Violation Energy (TeV)

e E-dependent delays - ]
- Probed by the combination  +w¢ 4

sl of AGN flares (AGN KSP), T :
- GRBs (Transients KSP) z [ Mkn501 flare — Preliminary .

and pulsars (GPS & LMC?) 5 F poven t b
- T Ferm dSon stncking Threshold effects £ [ — Specmmw/LIV ]

ol E%ﬁ?ﬁl@ﬁéﬁ?@fn Probed by the high-quality 0T Seanmioty E
2 el il 4 spectra of AGN (AGN KSP) P Y T =
005 01 02 1 2 3456 10 2030 10 10 10

DM mass (TeV) Biteau - LIV workshop @ LPNHE - 2017-11-30 Encrgy (TeV) 27/36
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 The CTA Community
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CTA Users (Cta,

The CTA Observatory

First true open observatory for
very-high-energy gamma-ray astronomy

Time distribution
40% Key Science Project (CTA Consortium)
10% Host-country time
50% User time

Annual Guest Observer
proposals, with P.l. from
participating countries

Open data High-level Open CTA Consortium
High-level data accessible after product Time Key Science
a one-year proprietary period Users Users Projects
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CTA Users (Cta,

The CTA Consortium

32 countries, 92 parties, 208 parties: 1402 members (480 FTE) as of May 2017

Definition of the project and of its component - definition of the Key Science Projects
Release of catalogs, maps, likelihood/posterior profiles...

£

CTA Consortium
Key Science
Projects
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CTA Users cta

Guest observers
Estimated Co-Is of guest-observer proposals O(5000). CTA - data products and support.

Alerts from Other Observatories

Observation
Scheduling &
Telescope
Control

£

Other
Observatories

&
A €
o Proposal
Real-Time Self Alerts Handling
Real-Time
Analysis Alerts

000

Acqll)liast;ion Data Users
- : Processin ienti
& Reduction ing (Scientists)

y = Open CTA Consortium
Storage - Archive -11:1‘;2: A::ahti?le Ti m e Key S-C i e n c e
Users Projects

Science
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CTA Users cta

Archival data and high-level-product users
Co-authors of archive-based publications ~ O(10,000)

Wide community engaged through a series
of workshops (astropart., astro, part. phys.)
A S P P P P *

< CTA = Science Verification —> User Operation. )
Low Frequency Radio : : H : : : : :

High-level Open CTA Consortium
- : product Time Key Science
et Users Users Projects

1 Kivanced IGO0+ Advanesd VIRGO (3019
" TeeCube (SINCE 2011) TceCube-Gen2?
@! YRKIBNET2 (ARCA) TEMSNET-3}

Telescope A = upgrade to TAxd.
Pierre A =

rade to Auger Prime
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 CTA - Status

:_?-_—____ _-—_-'.:
=
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CTA Timeline cta

A brief history of CTA

10 years of design for a first
telescope on site in 2018

Deployment up to 2024

CTA Preparatory Phase Supported by FP7
Grant from the European Commission

1t years largely dedicated to KSP

Progressive transition to GO proposals

A 100%
GO time

EU H2020 Funding for Site Preparations

First Pre-Production Readiness Review

late
2017 [Z]‘/

Status of the
deployment

KSP time

)

Time

Construction Project Completion
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Status of the sites cta

The CTA Observatory Southern site

Active work ongoing on both sites for the deployment of the array

Vulcano Llullaillaco
6739 m, 190 km east

Northern site

Cerro Paranal
Very Large Telescope

© Marc-André Besel
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CTA - Live!
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http://webcam.lst1.iac.es/stream2view.htm
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