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CTA: First VHE gamma-ray observatory Cta

* Very High Energy (VHE) gamma-ray astronomy is a “recently”
established field with still a large exploring power

® Extended TeV Halo, PWN
- Starburst

©HBL, 1BL, FRI, Blazar, FSRQ,
LBL, AGN (unknown type)

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

® shell, SNR/Molec. Cloud,
Composite SNR, Superbubble
©DARK, UNID, Other

®Binary, XRB, PSR, Gamma BIN
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real astronomy at reach
only for bright sources
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CTA: First VHE gamma-ray observatory Cta

 The imaging atmospheric Cherenkov technology is a
successful, mature technology

7 -ray enters the °
atmosphere

Electromagnetic cascade

stereoscopy improves
angular resolution

| : : * Simplistically array
ﬁ@ sensitivity
ﬁ ‘ improves with VN

,.. 10 nanosecond snapshot : ° Array Sensitivity
0.1 km? “light pool”, a few photons per m?. .
improves >> VN
thanks to the good
angular resolution




CTA: First VHE gamma-ray observatory Cta

 The imaging atmospheric Cherenkov technology is a
successful, mature technology
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CTA Observatory ‘ Cta

VHE gamma-ray observatory with Imaging Atmospheric
Cherenkov Telescopes (IACTs)

Open-data access observatory
— data access to all scientists of participating countries
—  proposal driven observatory

High-level data products and tools

Operational lifetime of at least 30+10 yr
— significant effort for maintenance and operations costs optimization
— robust against advances in science & technology
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Requesting Observing Time ‘ Cta

* Once excluded Guaranteed Time Observations (GTOs), most of
time is devoted to scientists belonging to CTAO ERIC member states
(Member Time)

* Just a small fraction open to any scientists: International Community
Observing Time (ICOT)




Requesting Observing Time ‘ Cta

* Once excluded Guaranteed Time Observations (GTOs), most of
time is devoted to scientists belonging to CTAO ERIC member states
(Member Time)

* Just a small fraction open to any scientists: International Community
Observing Time (ICOT)

* Observing Time can be requested through:
* Key Science Projects
- large observation programs ensuring that the key science
issues for CTAO are addressed in a coherent fashion, and  hy
providing legacy Science Data Products. o
- Proposals developed by the CTA Consortium:

https://www.worldscientific.com/worldscibooks/10.1142/10986

Telescope

Standard Proposals
In response to an Announcement of Opportunity Call (once per year)


https://www.worldscientific.com/worldscibooks/10.1142/10986

CTA science case (Cta/

20 GeV 500 GeV 1TeV 10 TeV 300 TeV
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CTA science case
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cta

From the science case to the design

TeV

EBL

Surveys
Morphological
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Dark matter

UHE neutrinos
Extreme blazars
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Telescope design Cta

Parabolic optical design ~ « Davies-Cotton optical design = >chWarzschild-Couder
23 m mirror diameter * 12 m mirror diameter optical des.lgn
PMT camera e PMT camera ° 4.m dual mirror
~4 deg FoV ¢ ~7 degFoV * EIPM camera
4 LSTs at the array center ¢ \MSTs are workhorse * ~8degFoV
® >505SSTs

* ~0,5 km? area covered
! ~4km? area coverage



Array design
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CTA performance Cta
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CTA Observatory: a key player in the MM era ‘ Cta

* Integral part of the MWL/MM field

— wide sky coverage
— Several degrees of gamma-ray FoV

— Capability of issuing science alerts to external observatories within 30
seconds from the internal detection

— Repointing within 1 minute from the alert notification
— Source localization down to 5-10 arcsec
— Unprecedented Short-term Sensitivity

18



Short-term Sensitivity
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cta

If CTA can point at the transient phenomena, it is the most sensitive instrument

but given the limited FoV & limited duty cycle it requires external triggers:
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CTA performance

8° CTA FoV

Fermi  HESS
(10 Gev) . (3TeV)

Field of ——Angutar—— Source

view resolution localisation

Example: nearby active galaxy Centaurus A




Gamma Ray Bursts Cta

From an empirical to a theorectical approach

Prompt Emission
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From an empirical to a theorectical approach

* Allows to estimate the GRB detection rate and study the space
phase of parameters that can be explored



Gravitational Waves

GRB spectra

Simulation of BNS mergers
and GW signal in local

Synthetic GW-GRBs
Phenomenological model of |3l

universe VHE emission, from short-GRB [

GW skymap

Observation optimisation
and scheduler
CTA observing strategy

~ CTAttiling

CTA skymap

e

'II;, o Sy \ { Expected Results and CTA prospects )

Simulation of CTA
response (set of IRFs)
gammapy, ctools

= v Joint GW-CTA detection rates and coverag

v Optimal observation strategles

Credits to A. Stamerra, B. Patricelli

cta
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Gravitational Waves: observation strategy ‘ Cta

* The observation strategy is a critical point for instruments with
limited FoV:
1. Tiling pattern Pratricelli et al 2018, Bartos + 2019, Seglar-Arroyo et al 2019
* Coverage maximization versus
exposure time per tail

* Exposure time depends
on the latency time

* G@Galaxy density can be taken into account although may work
properly only for “closeby” GW

2. Increasing the FoV of the instrument \\ & &i \

by implementing a divergent array ﬂ ﬂ ﬂ H ﬂ
pointing mode

3. Coordination among the 2 array sites to be considered
23



UHE neutrinos Cta

EBL attenuation EBL attenuation
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e 2 neutrinos source populations simulated by FIRESONG () to
resemble the diffuse astrophysical neutrino flux
e TXS-like source population (after the 2014 TXS 0506 flare)
* Steady sources following star formation evolution

* corresponding gamma ray emission (py interactions) computed and
simulated it taking into account CTA IRFs & EBL absorption
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UHE neutrinos

Luminosity [erg/yr]
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Supernovae

e using SN 1993J as template to
model VHE emission at
different times

* non-isotropic attenuation
leads to a more optimistic
scenario

* Prospects for such a type of
observation during the first

days/months/years are being derived
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e SNe for which the shock radius would rapidly becomes larger than
the photospheric radius might be promising targets for CTA
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Conclusions < Cta

 CTA will usher in a new era in VHE Astrophysics
— rich science program answering many open questions

— large new discovery space

— The full exploitation of CTA science cases requires MWL/MM
synergies

* CTA will be the first gamma-ray ground-based observatory,

openly delivering data to the community
27
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