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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?

CTA Multi-Messenger School — Sexten 2019 4
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cta

THE THICK OF CTA SCIENCE

- 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

CTA Multi-Messenger School — Sexten 2019 6
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cta

cherenkov telescope array

KSP VS. PROPOSAL-DRIVEN

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
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cta

THE THICK OF CTA SCIENCE

« 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

Cooperation potential

e guest observer proposal building on KSP.results
» direct MWL / multi-messenger cooperation within KSPs

CTA Multi-Messenger School — Sexten 2019
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CTA PERFORMANCE IN CONTEXT |
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CTA PERFORMANCE IN CONTEXT Il

C

Comparison with X-ray
and other high-energy
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Current Galactic
VHE sources (with
distance estimates)

Current
Instruments




THE EXPECTED CTA ALL SKY VIEW

Thousands of VHE
Sources in Total

Known sources:

¥ TeVCat

Galactic targets:

@ Supernova remnants
® Pulsars
Extragalactic targets:
® Blazars

Known sources
 TevGat
Galactic targets:
@ Supernova reennants
® Pyisars
Extragalactic targets:
® Bazars
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CTA PERFORMANCE IN CONTEXT I
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Centaurus A, nearby radio galaxy MWL counterparts of sources

in catalogued data with new
CTA deep view observations
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SURVEYS AND SOURCE POPULATIONS
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Reaching the entire Galaxy
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CTA PERFORMANCE IN CONTEXT II:

TRANSIENTS

cta

CTA will be a high-energy
transient factory

Orders of magnitude
advantage over Fermi-
LAT in intra-day
timescales: GRBs, AGN
flares, binaries.

CTA Multi-Messenger School — Sexten 2019

Differential Flux Sensitivity E°dN/dE (erg cm™? s™)
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CTA PERFORMANCE IN CONTEXT II:

TRANSIENTS

ar

CTA will be a high-energy
transient factory

Orders of magnitude
advantage over Fermi-
LAT in intra-day
timescales: GRBs, AGN
flares, binaries.

CTA Multi-Messenger School — Sexten 2019

First time detection of a GRB at sub-TeV energies;
MAGIC detects the GRB 190114C

ATel #12390; Razmik Mirzoyan on behalf of the MAGIC Collaboration

on 15 Jan 2019; 01:03 UT
Credential Certification: Razmik Mirzoyan (Razmik Mirzoyan@mpp mpg .de)

Subjects: Gamma Ray, >GeV, TeV, VHE, Request for Observations, Gamma-Ray Burst

Referred to by ATel #: 12395, 12475

The MAGIC telescopes performed a rapid follow-up observation of GRB 190114C (Gropp et al.,
GCN 23688; Tyurina et al., GCN 23690, de Ugarte Postigo et al., GCN 23692, Lipunov et al. GCN
23693, Selsing et al. GCN 23695). This observation was triggered by the Swift-BAT alert; we
started observing at about 50s after Swift T0: 20:57:03.19. The MAGIC real-time analysis shows a
significance >20 sigma in the first 20 min of observations (starting at T0+50s) for energies
>300GeV. The relatively high detection threshold is due to the large zenith angle of observations
(>60 degrees) and the presence of partial Moon. Given the brightness of the event, MAGIC will
continue the observation of GRB 190114C until it is observable tonight and also in the next days.
We strongly encourage follow-up observations by other instruments. The MAGIC contact persons
for these observations are R. Mirzoyan (Razmik Mirzoyan@mpp.mpg.de) and K. Noda
(nodak@icrru-tokyo.ac.jp). MAGIC is a system of two 17m-diameter Imaging Atmospheric
Cherenkov Telescopes located at the Observatory Rogue de los Muchachos on the Canary island La
Palma, Spain, and designed to perform gamma-ray astronomy in the energy range from 50 GeV to
greater than 50 TeV.
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CTA PERFORMANCE IN CONTEXT II:

TRANSIENTS

CTA will be a high-energy
transient factory

Orders of magnitude
advantage over Fermi-
LAT in intra-day
timescales: GRBs, AGN
flares, binaries.

Differential Flux Sensitivity E*dN/JE (erg cm™ ™)

Caveat & Synergies: Limited
FoV, depending on external
triggers.
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EXTERNAL DATA
TIME DEMAND SUMMARY

cta

cherenkov telescope array

Time estimations for both observatory sites.

Gamma-rays

X-rays

Optical / IR
Photometry

Optical
Polarimetry

Optical Wide-
Field

Spectroscopy
& Imaging

mm/sub-mm

Radio waves

Radio VLBI

|

400 800 1200 1600
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cherenkov telescope array

SYNERGIES
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cherenkov telescope array

SYNERGIES
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band
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cherenkov telescope array

SYNERGIES

A complex scenario, of multi-dimensional relations across the
observational spectrum....

© Jonathan Biteau
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o e Ultraviolet HAWC, FACT ARIANNA, ARA TA X 4
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B t Visible liche NuStar, HXMT, AstroSAT > g. .
-| Xrays /700 SUSwift-UVOT/XRT, eROSITA, eXTP > monitoring
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" Radio waves P. Goldoni T. Hovatta, EBL, hadron beams
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cherenkov telescope array

CTA MWL / MULTI-MESSENGER NEEDS

Data quality
requirements

mwl / multi-messenger accessibility
requirements &
strategy

Observation time
requirements

Some astronomical data products

Imaiges Spectra Observation
Strategy

View from Earth

s
Light curve

Required data
products

Simulations

View from above

» John Hibbard hitp ‘awww cv nrao edu/~jhibbard/n4038/n4038 him|

* NASAJCXC/SAQIG. Fabbianoet al Comen tom
* Di Matteo. Springel and Hemguist 2005 GNO

GES 2007, 352007



EXTREME TRANSIENTS

https://icecube.nbi.ku.dk/

Cld

cherenkov telescope array

LESSONS FROM

SILICON VALLEY
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the merger
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EXTREME TRANSIENTS

SHORT GRB LINK

https://icecube.nbi.ku.dk/
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cherenkov telescope array

EXTREME TRANSIENTS

Rapid response challenge:
technological = rapid response capability through hardware + software
multi-instrumental coordination and alerts = VOEvents, GCNs, Telegrams...
which sources to follow and how to manage the numerous alerts...?

--=...- + Plus a number of all-sky (or large-

fraction thereof) instruments in the

multi-messenger, radio and high-energy
domains

------- + Many events constituting on potentially
' interesting, rare, high-scientific return
events, but no guarantee...

PTF/PTF, 7.3 deg?

Modified from Laher+17
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cherenkov telescope array

EXTREME TRANSIENTS

Rapid response challenge:
technological = rapid response capability through hardware + software
multi-instrumental coordination and alerts = VOEvents, GCNs, Telegrams...
which sources to follow and how to manage the numerous alerts...?
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+ counterpart search of multi-messenger events => decision on follow-
ups may depend on some form of real-time physically meaningful

cross-matching : a case for advanced A.l. applications in CTA
30
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cherenkov telescope array

EXTREME TRANSIENTS

Rapid response challenge:
technological = rapid response capability through hardware + software
multi-instrumental coordination and alerts = VOEvents, GCNs, Telegrams...

Dealing with poor location accuracy for follow-ups:
" o
neutrino accuracy >> 1 s /\bbott et al. (2016), ApJL, 826, L13
GW events ~ 100s square degrees

\_ IPN Fermi /
\ INTEGRAL
8

Gw
radio
opticalf/lR [

: A-ray
20h seray (allskt

Abbott et al. (2017), ApJL, 848, L12
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cherenkov telescope array

EXTREME TRANSIENTS

Rapid response challenge:
technological = rapid response capability through hardware + software
multi-instrumental coordination and alerts = VOEvents, GCNs, Telegrams...

Dealing with poor location accuracy for follow-ups:
neutrino accuracy >> 1° |
GW events ~ 100s square degrees

Simulated response to the VIRGO+LIGO
event GW170817 requires only two CTA
pointings.

CTA Multi-Messenger School — Sexten 2019 32



EXTREME TRANSIENTS

‘ cherenkov telescope array
Rapid response challenge:

- technological = rapid response capability through hardware + software
- multi-instrumental coordination and alerts = VOEvents, GCNs, Telegrams...

Dealing with poor location accuracy for follow-ups:
* neutrino accuracy >> 1° |
- GW events ~ 100s square degrees

Serendipity and external triggers by CTA:

- divergent pointing and survey-mode obs. time
may lead to serendipitous discovery

- RTA analysis detection of transients is a basic
requirement for enabling MWL follow-ups

Simulated response to the VIRGO+LIGO
event GW170817 requires only two CTA
pointings.
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EXTREME TRANSIENTS

‘ cherenkov telescope array
Rapid response challenge:

- technological = rapid response capability through hardware + software
- multi-instrumental coordination and alerts = VOEvents, GCNs, Telegrams...

Dealing with poor location accuracy for follow-ups:
* neutrino accuracy >> 1° |
- GW events ~ 100s square degrees

Serendipity and external triggers by CTA:

- divergent pointing and survey-mode obs. time
may lead to serendipitous discovery

- RTA analysis detection of transients is a basic
requirement for enabling MWL follow-ups

Simulated response to the VIRGO+LIGO
FAST RADIO BURST event GW170817 requires only two CTA

COUNTERPARTS? pointings.
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cherenkov telescope array

GAMMA-RAY SYNERGIES

Complementarity in the field

Direct

~steradian, 100%

Field-of-View, uptime

~degrees, 12%

1GeV 10GeV 100GeV 1TeV 10TeV 100TeV
Energy
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GAMMA-RAY SYNERGIES

cta

cherenkov telescope array

Complementarity in the field

Highest energy sky maps

- leading the way in the search for the
highest energy sources in the galaxy

© Petra Huntemeyer, HAWC

CTA Multi-Messenger School — Sexten 2019

Field-of-View, uptime

>

~steradian, 100%

~degrees, 12% |

Direct

s HAWC

X
£ ) -

| | 1 1 1 1 >
1GeV 10GeV 100GeV 1TeV 10TeV 100TeV

Energy
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GAMMA-RAY SYNERGIES

cta

cherenkov telescope array

Complementarity in the field

Highest energy sky maps

- leading the way in the search for the
highest energy sources in the galaxy

© Petra Huntemeyer, HAWC

High-energy SEDs for MM events

- the case of the neutrino event

associated to TXS blazar source.

CTA Multi-Messenger School — Sexten 2019
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GAMMA-RAY SYNERGIES:
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Working out the MWL / MM synergies Ana Bonaidi SKA
for CTA...

A CONCEPTUAL SUMMARY.....

Targeted observations
and surveys

 Matching MWL resolution
 Archival data x-match ] ]
+ Re-analysis and planning Triggered observations

and transients

Crucial time-coordination
Short time-resolution goal
fast trigger & response
real-time source D
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A CONCEPTUAL SUMMARY.....

Targeted observations
and surveys

 Matching MWL resolution
e Archival data x-match

. . Reduce instrumental sys
* Re-analysis and planning

increase info content
break degeneracies
full science potential

Triggered observations
and transients

Crucial time-coordination
Short time-resolution goal
fast trigger & response
real-time source D
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THANK YOU!
ulisses@cbpf.br
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