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(South Site)

The Cherenkov Telescope Array ‘ Cta

Hofmann, 2016



(South Site)

The Cherenkov Telescope Array ( Cta

4 x 23 m 2 Large Size Telescopes (LST)
~20 GeV to ~ 1 TeV range

Hofmann, 2016



(South Site)

The Cherenkov Telescope Array ( Cta

25 X 14 m 2 Medium Size Telescopes (MST)
~100 GeV to ~10 TeV range

Hofmann, 2016



(South Site)

The Cherenkov Telescope Array ( Cta

70 x 4 m 2 Small Size Telescopes (SST)
few TeV to few 100 TeV range

Hofmann, 2016



EFFECTIVE AREA FOR GAMMA-RAY

DETECTION

Hofmann, 2016




CTA Performance Cta

Differential Sensitivity

= A factor of 5-10
improvement in
sensitivity in
the domain of
about 100 GeV
to some 10 TeV.
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CTA Performance
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CTA Performance
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CTA Performance ‘ Cta
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CTA as an all-sky Observatory Cta

[ ]oe<za<30° Sky Coverage ‘ E— Credits: The CTA Consortium

Known sources:
¥ TeVCat
Galactic targets:
© Supsmova remnants
® Pulsars
Extragalactic targets:
® Blazars




CTA as a transient factory Cta

« Huge advantage over Fermi in
energy range of overlap for

. - 1 hour — E =25 GeV
~minute to ~week timescale o E—40GeV
phenomena 0 \l conmme E =75 GeV

— Explosive transients '
— AGN flares

— Binary systems

« Disadvantage over Fermi
— Limited FoV (.compared to Fermi) R —
— Prompt reaction to external 10 vl vl vl vl sl vl ol vl 3

. . . 10 10° “:03“10“ 105 10° 10" 10° 109'“;"0“;
trigger is critical Time (5)

Differential Flux Sensitivity (erg cm? s)
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7 4

Science The ,
-

Theme 1: Cosmic Particle Acceleration
= How and where are particles accelerated?

» How do they propagate?

= What is their impact on the environment?

Theme 2: Probing Extreme Environments

= Processes close to neutron stars and black holes?
= Processes in relativistic jets, winds and explosions?
= Exploring cosmic voids

' Theme 3: Physics Frontiers — beyond the SM
.. = What is the nature of Dark Matter? How is it distributed?
r ‘ » |s the speed of light a constant for high energy photons?

: h 4 = Do axion-like particles exist?

o W\

| 3N :

: "'-1LZ'



: cta
Cta Observing Programme (1)

= Baseline plan for first ten years (see Business Plan)

= 40% Core Programme, organized by Consortium
= 60% Open time, DDT, and host country time
= Preparatory studies for KSP observations prior to start

of CTA user operations, if time left during Array
Commissioning and Science Verification (ACSV)

18



: cta
Cta Observing Programme (2)

= Core Programme (baseline CTA)

9 Key Science Projects (KSPs) and 1 DM Programme

Focused on major legacy projects: surveys & population studies
(providing legacy data-sets), large classes of sources, and a few
iconic objects

Summarized in document “Science with CTA” - newly released to
arXiv archive

Large potential for guest observer proposals - building on results
from the KSP surveys

We expect that the KSPs will be reviewed (and adjusted
accordingly) on a regular basis before, and during, the operational

phase.
19
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cta

cherenkov telescope array

Mapping Science = Observations

N
Dark Matter Salacty Galactic LMC Extra_ Cosmic Ray | Star-forming B
Centre galactic Transients Galactic
Programme Plane Survey| Survey PeVatrons Systems
Survey Survey Nuclei

Understanding the

Origin and Role of

Relativistic Cosmic
Particles

Probing Extreme
Environments

Exploring Frontiers
in Physics

AN

v v

DM KSPs

v

= KSPs are sets of observations addressing multiple science questions within CTA themes.
= Check-marks - impact of each KSP on a particular science question.

= The DM Programme has a transversal nature (GC, LMC, Galaxy Clusters).
21
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| A Submitted to
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The Survey KSPs

Extragalactic Survey:
Unbiased survey of % sky to ~6 mCrab
VHE population study, duty cycle

New, unknown sources; 1000 h /, /
+90° 7 7
g >

galactic latitude (deg)

-90°
galactic longitude (deg

Galactic Plane Survey: \

Survey of entire plane to ~2 mCrab
Galactic source population: SNRs, PWNe, etc.
PeVatron candidates, early view of GC, 1620 h

cta

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

SSTs involved
In all of them

Large Magellanic Cloud Survey:
Face-on satellite galaxy with high SFR
Extreme Gal. sources, diffuse emission (CRs)
DM search; 340 h in six pointings



Dark Matter Programme

« Key target: Galactic Centre
halo

— Deep observation (525 h) to
reach canonical thermal

cross-section for wide WIMP 1075
mass range -
10—24 E_
« Complementary € f
observations S 0k
© C
— Dwarf Sph. Galaxies (100 h) 7
— LMC (340 h) 1072
r —— H.E.S.S. GC halo
— Perseus Gal. Cluster (300 h) - — Fermi dSph stacking
L —— CTA Galactic Halo
— Expect strategy to evo lve 102 T Cra e o
with new information R B IE P F-T I

DM mass (TeV) 24



Transients Cta

Transients are a diverse population of
astrophysical objects. Some are known to be
prominent emitters of high-energy gamma-rays,
while others are sources of non-photonic, multi-
messenger signals such as cosmic rays, neutrinos
andlor gravitational Waves (GW > MoU already signed).

Obseg g yr— ! site—1)

Priority Target class Early phase | Years 1-2 Years 3-10 Years 1—-10
1 GW transients 5

Credits: The LIGO Scientific 2 HE neu.tr!no transients . 5

Collaboration 3 Serendipitous VHE transients P5 25
B GRBs 0 50
5 X-ray/optical/radio transients 10 10
6 Galactic transients 30 0(?)
Follow-up Target class Detected Trigge o Urgency Activity Obs. time (h) Total Site
priority @ HE (yr ™) duration /night time (h)
1 Magnetar giant flares - MeV 0.1 1 min 1-2d Max. 1 10 AB
2 PWN flares: Crab nebula Y HE 1 1d 5-20d(HE) 4 50 S&N
3 HMXB microquasars: Cyg X-3 Y HEX-ray 05 1d 50-70d (HE) Max. 1 50 N

Cyg X-1 Y HE/X-ray 0.2 1d 1-10d? Max. 1 30 N

4 Unidenftfied HE transients Y HE 1 1d ? 2 20 A/B
5 LMXB microquasars ? X-ray/radio 1 1d Weeks 2 20 A/B
6 Novae Y HE/opt. 2 1d Weeks 2 20 AB
7 Transifional pulsars Y Radio/opt. 0.5 1d Weeks 2 20 A/B
8 Be/X-ray binary pulsars N X-ray 1 1d Weeks 2 20 A/B

25



Neutrinos Astrophysics

Cld

TITLE:
NUMBER:
SUBJECT:
DATE:
FROM:

GCN CIRCULAR
v

21916

IceCube~170922A - IceCube observation of a high-energy neutrino candidate event

17/
Erik

a direction consistent with the recent EHE neutrino
v event IceCube-170922A

First-time detection of VHE gamma rays by MAGIC from jmd . edu>

ATel #10817; Razn|

Credential Certification: ]

Fermi-LAT detection of increased gamma-ray activity of
TXS 0506+056, located inside the IceCube-170922A

v

AGILE confirmation of gamma-ray activity from the

IceCube-170922A error region

Verrecchia (SSDC/ASI and INAI
A. Bulgarelli (INAF/IASF-Bq
Vercellone (INAF/OA-Brera), 1|
Striani (CIFS and INAF/IAPS), |
Trifoglio (INAF/IASF-Bo),A. {
A. Chen (Wits University), A.
Lazzarotto, I. Lapshov, L. Paccia
M. Rapisarda (ENEA-Frascati) .
(INAF/IASF-Bo), A. Pellizzo Credential Cert
Vallazza (INFN Trieste), F. Lo ) .
(INFN and Univ. Roma Tor Verg| Subjects: VHE, Neutrinos

and Univ. Roma Sanienza). |

ATel #10801; F. Lucarelli (SSDMCLAST and INAEINAR) £ Pinna (INAEITADS) (0 Dittnsi E

error region. v

lfanaka (Hiroshima University), Sara Buson (NASA/GSFC), Daniel
SA/MSFC) on behalf of the Fermi-LAT collaboration
on 28 Sep 2017; 10:10 UT

[ Previous | Next ]

Mathieu de Naurois for the H. E.S. S. collaboration

¢ H.E.S.S. follow-up of IceCube-170922A

ATel #10787,

atinn s Navid T Thawmncnn ’n"""’l.,.ThompSOH@nﬂsa.gOV)

VERITAS follow-up observations of IceCube neutrino

X

HAWC gamma ray data prior to lceCube-170922A

ATel #10802; Israel Martinez, Ignacio Taboada, Michelle Hui and Robert Lauer for the HAWC

X

collaboration
on 30 Sep 2017; 02:10 UT

Credential Certification: Ignacio Taboada (itaboada@ gatech.edu)

event 170922A

ATel #10833; Reshmi Mukherjee
on9 O0ct2017; 22:32 UT

| Certification: Reshmi Mukherjee (muk@astro.columbia.edu)

i
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Cosmic-ray PeVatrons ‘ Cta

Supernova remnants might be able to satisfy the
cosmic-ray energy requirement if they can
somehow convert ~10% of the supernova kinetic
energy into accelerated particles.

CTA will perform deep observations of known
sources with particularly hard spectra. Moreover, it
will search for diffuse gamma-ray emission from
the vicinity of prominent gamma-ray bright SNRs.

Credits: The H.E.S.S. Collaboration

27



Active Galactic Nuclei ‘ Cta

AGNs are known to emit variable radiation across
the entire electromagnetic spectrum up to multi-
TeV energies, with fluctuations on time-scales from
several years down to a few minutes.

VHE observations of active galaxies harbouring
super-massive black holes and ejecting relativistic
outflows represent a unique tool to probe the
physics of extreme environments, to obtain precise
measurement of the extragalactic background
light (EBL) and to constrain the strength of the
intergalactic magnetic field (IGMF).

Credits: ESA/NASA

AGNs will be useful to investigate fundamental
physics phenomena such as the Lorentz invariance
violation and signatures of the existence of axion-

like particles.
28
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The sky above 50 GeV C a

Source Types

6 PWN
inary amma
é B XRB PSR G
BIN

e HBL IBL FRI FSRQ
Blazar LBL AGN
(unknown type)

6 Shell SNR/Molec. Cloud
Composite SNR
Superbubble

6 Starburst
. DARK UNID Other

6 uQuasar Star Forming
Region Globular Cluster
Cat. Var. Massive Star
Cluster BIN BL Lac
(class unclear) WR

+80 360 Fermi-LAT sources E>50 GeV

-90
Wakely & Horan http:/ /tevcat.uchicago.edu/

~180 TeVCat sources - S A S
Y, ; i o0 gV w H

UNID
20%

+ SNRs and PWNe +« BLLacs o Unec. Blazars v Unassociated
%  Pulsars o FSRQs & Others o Extended

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. 3



cta

100 TeV sky

01-

1702.02992

arXiv




KSPs vs. proposal-driven programs Cta

Key Science Projects
= Ensure that important science questions for
CTA are addressed in a coherent fashion and

with a well-defined strategy,
= Conceived to provide legacy data sets for the
entire community

Example: galactic and
extragalactic
surveys

= Deep investigation of known sources

= Follow-up of KSP discovered sources

= Multiwavelength campaigns

* Follow-up of ToOs from other wavebands /
messengers

= Search for new sources

Proposal-Driven User Programme

Credits: Hofmann, Gamma 2016



CTA as an Open Observatory ‘ Cta

Regular (likely annual) AOs

Proposals evaluated by TAC, resulting in a long-term
schedule

Short-term scheduling on site, taking into account
telescope availability, sky and environmental conditions

Queue-mode operation by Observatory night operators

Presence on site of observers not required / not
foreseen

Observers will receive photon lists in FITS format, IRFs,
and science tools (ctapipe, currently under tests with
H.E.S.S., MAGIC, and VERITAS data)

Data publicly available after a proprietary period

33



CTA as an Open Observatory ‘ Cta

Pl-led
Projects:
“GO time”

or

“Open Time”

CTA
Observing
Time
Key Science
Projects

DDT

Host
time

Open Time Pool: Proposals by scientists from
CTA member states (some fraction of time open to
non-members); reviewed by TAC

Details tbd

Key Science Projects carried out by the CTA
Consortium

Director’s Discretionary Time

Time provided to host countries / host
organisations under hosting agreement



CTA Threshold ‘ Cta

Approved by the CTAO Council

CTA CTA

Baseline Implementation
Threshold
(€400M) FEY)
Number of LSTs
Number of MSTs 15 5
Southern Array Number of LSTs 4 0

Number of MSTs 25 15
Number of SSTS 70 50

35



CTA Performance (Threshold)

cta

Qualitative metrics results allowed a first determination of
CTA threshold performance for the KSPs in different energy

ranges.

DM Programme
Galactic Plane Survey
Extragalactic Survey
Transients

Star Forming Systems
Active Galactic Nuclei
Clusters of Galaxies

-
(=]
(=]

@
o

Relative Sensitivity (%)

D
(=]

40

20

sl

/
//4mwc
1 /Jl 'll 1 L1

ul 1

NORTH

10°

1

10 10
Photon Energy (TeV)

2

KSPs

energy
ranges

The higher, the better

A

DM Programme
Galactic Center Survey
Galactic Plane Survey
LMC Survey
Extragalactic Survey

Transients ssss——————

Cosmic Ray PeVatrons
Star Forming Systems

Active Galactic Nuclei s

Relative Sensitivity (%)

pry

00

60

CTA Baseline

44 4 }
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PHYS WG Organization

G

The PHYS WG has been re-organized following a
structured scheme, matching the different science

topics.

Coordinators and Deputies
rotate following a year-
based scheme.

Deputy becomes
Coordinator, for a total

Consortium Board

Spokesperson
Co-spokesperson

Science Coordinator
Deputy Science

term of duty of 2 years.

SWGH1 Coordinator
Deputy SWG1 Coordinator

Coordinator
SWG2 Coordinator SWGn Coordinator
Deputy SWG2 Coordinator Deputy SWGn Coordinator

38



Current PHYS WG Management Cta

CTAC Science Coordinator: Stefano Vercellone (INAF)
CTAC Deputy Science Coordinator: Stefan Funk (FAU)

. Galactic 5. Dark matter and exotic physics
1. Jamie Holder (coordinator, U. Delaware) 1. Fabio Zandanel (coordinator, Grappa Inst.
2. Roberta Zanin (peputy, mpi-k) 2. Aldo Morselli (peputy, INFN)

. Cosmic-rays 6. Intensity interferometry
1. Stefan Ohm (coordinator, DESY) 1. Dainis Dravins (coordinator, Lund Obs.)
2. Sabrina Casanova (peputy, iF-PaN) 2. Michael Daniel (peputy, cfa)

. Extra-galactic
1. Elina Lindfors (Coordinator, U. Turku)

2. Fabrizio Tavecchio (peputy, INaF) Multi-wave[ength and synergies
. TranSientS 1. Sera Markoff (coordinator, u. Amsterdam)

1. Catherine Boisson (Coordinator, Obs. Paris) 2. Emma de Ona Wilhelmi (Deputy, IEEC-CSIC)
2. Daniela Hadasch (peputy, IcrR)

39



INAF in PHYS ‘ Cta

63 [/432 (~15%)] members of the PHYS WG are INAF scientists.
People can apply to one or more SWGs.

_w INAF %

Galactic

Cosmic Rays 11 148 ~7
Extra-galactic 21 191 ~11
Transients 32 186 ~17
Dark matter & exotic physics 7 129 ~5
Intensity Interferometry 4 25 ~16

The INAF participation in the CTA SWGs roughly reflects the topics of
the CTA/SKA successful grants.

Intensity Interferometry is not a current Key Science Project. o



How to get involved in PHYS Tasks? ‘ Cta

« Computation of Quantitative KSPs performance metrics, to provide
the tools to quickly and efficiently adapt KSPs to external
conditions (such as Observatory performance for different
implementations of CTA).

- Refine key CTA science cases and analysis procedures and
document them in Consortium publications.

« 15t CTA Data Challenge, to probe simulation and analysis tools and
to engage more people in data analysis.

- Multi-wavelength and synergies activities, to evaluate and plan

access to relevant facilities.
41



How to get involved in PHYS Tasks? ‘ Cta

« Computation of Quantitative KSPs performance metrics, to provide
the tools to quickly and efficiently adapt KSPs to external
conditions (such as Observatory performance for different
implementations of CTA). - Almost completed

- Refine key CTA science cases and analysis procedures and
document them in Consortium publications.

« 15t CTA Data Challenge, to probe simulation and analysis tools and
to engage more people in data analysis.

- Multi-wavelength and synergies activities, to evaluate and plan

access to relevant facilities.
42



Consortium Papers ‘ Cta

Refine key CTA science
cases and analysis
procedures and
document them
in Consortium
publications

43



Planned Consortium publications C a

CTA sensitivity to DM annihil. in the GC X

CTA sensitivity to DM annihil. in dwarf galaxies X

Updated paper describing GPS in more complete detail than in X
A.Ph. article

x
x

Prospects for the detection and study of SN 1987A using CTA
Probing cosmic rays in the LMC using CTA X X

Dark matter in the LMC X X X
Transient survey with divergent pointing X X

Science of Galactic transients X X

Expected AGN population based on latest Fermi catalog and X
performance curves

Evaluate the number of expected flares of AGNs as a function of X
redshift and AGN class based on long- term light-curves from F-
LAT

Studies of the EBL, IGMF (pair echo), ALPs, LIV (pair threshold X X
modification)

Focus on spectral modifications due to line-of-sight effects X X

GAL.CL CTA Prospects for Studying Dark Matter and Cosmic Rays in X X X
Clusters of Galaxies

44



Data Challenge

15t CTA Data Challenge

45



15t CTA data challenge ‘ Cta

Aim: to produce simulated high-level science data covering a set of
physics cases related to the KSPs. The main goal is:

« involve larger group of people in realistic analyses of CTA-like data
(take a first step to prepare for first light)

We simulated three years of data north and south with observation
time that could match the original KSP-allocated time

Focus on

 Galactic Plane Survey: total 1620 hours (1020 South, 600 North)
 Extragalactic Survey: total 500 hours (200 South, 300 North)
 Galactic Center Survey: total 825 hours (South)

« AGN Monitoring: 960 hours (North)

46



Galactic latitude (deg)

Input example

Galactic Plane Survey model

75°

60°

45°

cta

Galactic diffuse emission
Fermi bubbles

Dark matter halo

Known TeV sources

. Binaries
.. Pulsars

PWN population

0° (%

-450 . -
-60°

d\l pulatlon

-75°  Galactic longitude (deg)

La—

1 n‘ld

=7

10°13

1012



Latitude (deg) Latitude (deg)

Latitude (deg)

Preliminary results

CTOOLS

300
Longitude (deg)

Cld

GammaPy

Development of an automated
catalog pipeline

Optimizing source detection
and studying source confusion




MWL @

Multi-wavelength and
synergies activities

infrared radio

optical

gamma-ray X—.r.ay

49



Synergies during CTA operation Cta

Wavelength (m)

0 10 1 107 10?7 10* 10* 10° 10° 107 10* 107 10" 10" 10" 10™ 10™ 10™ 10™ 10" 10™ 10" 10°
| 1 || | 1 1 1 1 | 1 | 1 1 1 | 1 || 1 1 | 1 1 1

1 | ? | 1 1 1 | | | | 1 || 1 | | 1 1 1 | | 1 | | | 1 | | | | 1
10* 107 10° 10° 10° 10° 107 10" 1 0 10° 10° 10* 10° 10° 100 10* 10° 107 10" 10% 10" 10"
Photon Energy (eV)

Major Astronomical
Facilities CTA

These are just a few of the MWL facilities available during the CTA era.

Next slide shows...

50



Synergies during CTA operation

S
S S A

[Low Frequency Radio |

N

)
MWA T MWA (upgrade) ) :
( VLITE on JVLA -> (~2018? LOBO) ):
):
Tier facilities) ),.
Kai7—>MeerKAT-->SKAl’hnsel ) :
: : : SKA1&2 (Lo/Mid
L(qsub)MnIhmeter Radlo : ( L " )
JCMT, LLAMA, LMT, mAM,NOEMA SMA, SMT SPT, Naan - Mopra, Nobeyama ... (many other smaller Facilities) )}
ALMA );
(_EHT (prototype —> full ops) )
u) tical Transient Factories/Transient Finders | : : : :
omar Transient Factory —> (~2017) Zwicky TF ) (LSST (buildup to fall survey mode) ):
( PanS’l‘ARRSl —> PanSTARRS2 T T T .
: [ Bhd:GEM (Meerllcht single dlsh prototype m 2016) ) : : :
Optical/IR Large Facllltles : : :
)
(G (ol peration 2020) & TV Gimeline less dlear?)
)
)

Gamma-ra 5 5 : g mma-ray + optical ground elements)

Neutrinos |
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Summary ‘ Cta

« CTA will be an Observatory open to the scientific community.

« Science will focus on cosmic particle acceleration, extreme
environments, and physics beyond the standard model.

- Proprietary time (significant fraction in the first years) will be
articulated in Key Science Programs.

« Large potential for guest observer proposals - e.g., building
on results from the KSP surveys.

e Contributions on:

« PHYS working group activities
 technical activities (e.g., analysis SW, Monte-Carlo,...)
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Prospects ‘ Cta

IRFs (Prod3b, internal distribution)

— North & South, baseline and threshold arrays, full and subsystems
(LSTs, MSTs, SSTs, MSTs+SSTs), 20 and 40 deg ZA, 100s, 30m, 5h, 50h

From Prototypes to the Threshold

— We need to generate/obtain similar IRFs for a specific set of
precursors.

Science cases

— Some KSPs can easily start well before the Threshold (e.g., AGN
monitoring, Surveys, PeVatrons, Transients)

— We have at least a couple of years where we have
« ASTRI prototype data = an extraordinary opportunity!

« Simulations and theoretical studies = to become leadersin a
few main CTA topics

MAGIC: tighten the link ?

53



