THE CHERENKQV TELESCOPE ARRAY (CTA)
IN THE MULTI-MESSENGER ERA

Stefan Funk - Erlangen Centre for Astroparticle Physics (ECAP)



CHERENKOV TELESCOPE ARRAY
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SENSITIVITY / ENERGY RANGE / ANGULAR RESOLUTION
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SENSITIVITY / ENERGY RANGE / ANGULAR RESOLUTION
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Pre-Production

Current Phase 2018-2020

First Pre-Production
Telescopes on Site

(earliest 2018)

|
|
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Current Phase |

Production
2020-2024

Collect International Agreement Financial LST Prototype
I Sicnatures & Secure Financial — Threshold Completed on
Investment Reached La Palma
Oct 2016 o o Jan 2017 o o Apr 2017 a o Jul 2017 a Oct 2017 = a Jan 2018

Site

Site Infrastructure CTA Offices Open
— Preparations q '"f'gg}'niw"e in Bologna
{
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Current Phase

Production

2018-2020 2020-2024

Q3 2017 ° Q12018 o Q3 2018 ° Q12019 o Q3 2019 o Q12020

Phase 1
LST 2-4 & MST 3
Foundation &
Infrastructure

Phase 2
MST Foundations &
Infrastructure,
Technical Building

Phase 3

Telescope Assembly

PHYSICS

Infrastructure Desi
on —> E— DeSiSN & —-
WSS preparations Perrg;lits

LST 1 Prototype
Construction
Complete

Phase 1
Construction
Begins

Infrastructure .
| E— 4 # e  Design & #
Preparations 8

Permits

Phase 2
Construction
Begins

Phase 3
Telescope
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(until ~2021)
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2 LOCATIONS + HEADQUARTER AND SCIENCE DATA MANAGEMENT CENTER
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» 32 countries
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70x SST 208 1nstitutes

» 1402 members (480 FTE)
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SOUTHERN SITE: CHILE

® © 06 06 06 0 0 0 0 0 0 0 0 0 0 0 0 O O O O O 0 O O 0 O O O O O O 0 O O O O O O O O 0 O O 0 O 0 O O 0 O O O 0 O 0 O O O O 0 O O O O 0 O 0 O O O O 0 O 0 O O 0 O 0 O 0 O O 0 O 0 O 0 0 O O O 0 0 0 0O 0 0 0 0 0 0 o

Vulcano Llullaillaco
6739 m, 190 km east
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SOUTHERN SITE: CHILE
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NORTHERN SITE: LA PALMA

» Observatorio del Roque de los Muchachos
» Immediate vicinity of MAGIC telescopes

» Potential location of TMT (30m telescope)
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CONSTRUCTION OF CTA - FINANCIAL ASPECTS

» Estimated total costs for the baseline design (two sites) amount to
400M€ (Invest + Personal). Threshold for start of construction:
250M€.

» MoU signed by a few countries (Germany, Czech Rep., Switzerland, Spain,
Japan, Italy) totalling 201.4M€. France, UK, Austria and Australia to sign soon

CTA CTA
Baseline Implementation

Threshold
(€400M) (€250M)

Northern Array Number of LSTs
Number of MSTs
Southern Array Number of LSTs 4 0

Number of MSTs 25 15
Number of SSTS 70 50

RRRRRRRRRRRRRRRRRR
IIIIIIIIIII

ul
ll III
'lllllllll
limnm
oo



LATEST NEWS

» CTA observatory general
manager: E Ferrini,
project manager: W. Wild

» Site preparation:

» Northern site: contracts signed

» Southern site: still ongoing
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Contract text finished end of 2016

Approved by ESO and CTAO-
council but not yet signed

Discussions with Chilean ministry
ongoing
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PROTOTYPE TELESCOPES (E.G. LST-1)
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https://goo.gl/FvsDyD
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SST-1M Prototype Re _' . SST-2M Prototype
Krakow sl A Paris
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CTA TELESCOPE TREE

7N
CTA telescope
e
Large-Sized Medium-Sized
N
AN AN N AN TN
MST SCT SST-1M ASTRI GCT
\I/ N N \/ N
77 N\ 77 N\ 77N\ 7N\
NectarCAM FlashCam ASTRI Cam. CHEC Cam.
N N N N

» Next up: consolidation of telescope systems
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FERMI-LAT LEGACY

1.0Open observatory
2.Data challenges
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FERMI-LAT LEGACY I: CTA - AN OPEN OBSERVATORY

On Site Off Site Outside World

Alerts from Other Observatories

£

Other

Observatories
= Proposal
Real-Time Self Alerts Handling
Real-Time
Alerts
\ 000
~1000 Sviazh Data Users
PB/year Acquisition . seaies
. & Reduction B ng (Scientists)
Raw Data -

> Strict separation between CTA-Consortium (CTAC) and CTA-Observatory (CTAO)

» CTAC: Scientific motivation, specifications and requirements, telescope design, ...

» CTAO: Construction and running of observatory (including time allocation)
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KEY SCIENCE PROGRAM AS MAJOR LEGACY PROJECTS (CTAC)

Dark Matter "{f/ \\}“ . ExGal ~ Galaxy
S
=

Programme Clusters
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Star Forming
Systems
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Plane Survey
Galactic
Centre




LARGE-SCALE SURVEYS

Extragalactic Survey:
Unbiased survey of V4 sky to ~6 mCrab

VHE population study, duty cycle
New, unknown sources; 1000 h

itud

Galactic Centre Survey:

ID of the central source

Spectrum, morphology of diffuse emission
Deep DM search; base of the Fermi Bubbles
Central exposure: 525 h, 10°x10° : 300 h

galactic latitude (deg)

-90°
galactic longitude (deg)

Galactic Plane Survey:

Survey of entire plane to ~2 mCrab Large Magellanic Cloud Survey:
Galactic source population: SNRs, PWNe, etc. Face-on satellite galaxy with high SFR
PeVatron candidates, early view of GC, 1620 h Extreme Gal. sources, diffuse emission (CRs)

AN DM search; 340 hiin six poiatings ...



KSP TIME BUDGET VERSUS OPEN TIME OF THE OBSERVATORY

Fraction of operation time
U
S
X

20%
10%

1 2 5 10
Year of Operation of full system

» Available time per year, e.g. in the south: 1350 hours

(17
I
N

-
|
J

FRIEDRICH-ALEXANDER
NIVERSITAT 1 7
ERLANGEN-NURNBERG

|
]
I
il 1]
5
n

OOOOOOOOOOOO
SSSSSSS



FERMI LEGACY II: DATA CHALLENGES
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Simulation
csobsdef
ctobssim

IRF database

Photon
database

Event Data
Instrument Response Functions

Data Selection
ctselect

Binning
ctbin
ctcubemask
ctexpcube
ctpsfcube
ctbkgcube
Likelihood Imaging analysis || Spectral analysis || Timing analysis Utilities
anaIYSB ctskymap csspec cslightcrv cscaldb
ctlike cssens
ctbutterfly cspull
ctulimit cstsdist
cterror —
cttsmap
ctmodel
csresmap




DATA CHALLENGE | - FERMI-LAT +IACT INPUT
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CTA AS PART OF THE MULTI-MESSENGER VIEW OF THE HIGH-ENERGY UNIVERSE

LIGO \ N\
300 \\ | Swope "'1 0.9 h
LIGO/ —e .

Virgo 4 ‘ | |

Fermi-LAT detection of increased gamma-ray activity of Lo N
TXS 0506+056, located inside the IceCube-170922A = Ferml/ \ X
error region. 7 GBM e 1A E4_]
ATel #10791; Yasuyuki T. Tanaka (Hiroshima University), Sara Buson (NASA/GSFC), Daniel 1éh 12h
Kocevski (NASA/MSFC) on behalf of the Fermi-LAT collaboration 5d
on 28 Sep 2017; 10:10 UT )
Credential Certification: David J. Thompson (David J.Tho @ngea oo : 1

Subjects: Gamma Ray, Neutrinos, AGN

[ Previous | N

\ 80N T\ W -30°
H.E.S.S. follow-up of IceCube-170922A

ATel #10787; Mathieu de Naurois for the H. E.S. S. collaboration )
on 27 Sep 2017; 14:33 UT =
Credential Certification: Fabian SchAA%ssler (fabian.schussler@cea.fr)

Subjects: VHE, Neutrinos
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LARGE(ISH) FIELD OF VIEW (10 DEGREES ACROSS), FAST RESPONSE
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LARGE(ISH) FIELD OF VIEW (10 DEGREES ACROSS), FAST RESPONSE
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E.G. ALERTS AND TRIGGERS

60 _I | | | | | I | | | | ' | | | | l—
i z=4.3, E>30GeV, 0.1 sec time bin |
— [ ] . .
S 40l N Serendipitous
= I ] detections possible,
)
o | : | e.g. in divergent
O d yl! ) ] 'g' g
x 20 | | | ' .
LLi i’ B} R ] mode, huge potential
: 1 M : o | ~ Pl
ARSI iR x 4 il -‘ 1 l Jl‘ for local, low-
T AR RIS I IPWOR F TR IME QR ee ’
0 L %% { RE ¢ i {’ i“ ““ il s\l N 4 J! 1’.4 luminosity oVents
40 60 80 100

Start at to = 30sec Time from GRB [sec]

» Alerts and triggers to/from CTA for variable objects
» Crucial role of Fermi-LAT
» Including gravitational waves, neutrinos, and optical transient factories
» For GRBs - CTA requires (MeV) triggers*
» Swift, Fermi GBM, SVOM, ?
» Triggers from CTA** — broad astronomical community **Alert generation in 1 minute

» Rate expected to be low — but identified events likely to be extremely important
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FOR MORE DETAILS ...
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https://arxiv.org/pdf/1709.07997.pdf

SUMMARY

» CTA in prototype stage.
Construction will start once site

issues are solved and the threshold
scenario (250 M#€) is reached

» Part of a broad suite of new
observatories and tools that will
address fundamental questions of
the high-energy Universe.
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