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BASELINE DOCUMENT
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A complete outlook on the CTA 
science and potentials. 
!
Now available as a book by 
World Scientific.

!
Open access in astro-ph:

arXiv:1709.07997
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THE CHERENKOV TELESCOPE ARRAY
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THE CTA TELESCOPE PROTOTYPES
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THE THICK OF CTA SCIENCE
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• 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?
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A factor of 5-20x 
improvement in 
differential sensitivity 
relative to current IACTS

CTA PERFORMANCE IN CONTEXT I
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Extension of the 
accessible energy range 
from below 100 GeV to 
above 100 TeV
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CTA PERFORMANCE IN CONTEXT II
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Comparison with X-ray 
and other high-energy 
instruments

Takahashi et al. 2012
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THE EXPECTED CTA ALL SKY VIEW
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Thousands of VHE 

Sources in Total

> 300 expected 

Extragalactic Objects
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POSSIBLE KSP VS G.O. TIME BUDGET
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© Steffano Vercellone
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THE THICK OF CTA SCIENCE
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• 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
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© René Ong

THE CTA KEY SCIENCE PROJECTS



SCIENTIFIC MAPPING
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THE NEW WINDOW OF MULTI-MESSENGER 
ASTROPHYSICS!
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THE NEW WINDOW OF MULTI-MESSENGER 
ASTROPHYSICS!
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CTA will be a high-energy 
transient factory

CTA PERFORMANCE IN CONTEXT III
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Orders of magnitude 
advantage over Fermi-
LAT in intra-day 
timescales: GRBs, AGN 
flares, binaries.

Caveat & Synergies: Limited 
FoV, depending on external 
triggers.
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© CTA Consortium, “Science 
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TRANSIENT FACTORIES & CTA
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Transients: 

• several prominent gamma-ray emitters are variable sources in the TeV sky

• plus “dark sources” (multi-messenger emitters) may have VHE electromagnetic 

counterparts and prompt the discovery of new sources.

Optical and Radio Transient factories: will be 
major sources of triggers to CTA follow-up. As 
well as the new class of GW and neutrino 
detectors.

!
Important to define the response criteria and 
follow-up strategy to these facilities, as well as 
for multi-messenger event alerts (VOEvents) 
to : 

	 — manage providers of triggers, 
    
	 — improve accurate source localisation,
    
	 — organise MWL follow-up campaigns, etc.    

LIGO



THE NEW WINDOW OF MULTI-MESSENGER 
ASTROPHYSICS!
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Neutrinos: recent association of an extragalactic 
flaring blazar with an IceCube neutrino event.

!
	 — fast slewing of the LST telescopes
    
	 — improved sensitivity at low timescales
    
	 — two-hemisphere coverage
    
	 — Blazars are more persistent sources, but…    



NEW WINDOW: GRAVITATIONAL WAVES 

FOLLOW-UP
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CTA will provide excellent follow-
up to GW events thanks to its 
large field-of-view

!

VIRGO+LIGO

Credit: F. Schüssler, IRFU/CEA Paris-Saclay

Figure 2. Representation of the 90 % C.R. in the sky localization of the selected GW event (red
contour) and the consecutive set of sky areas that can be covered by CTA follow-up observations
(circles, as in Fig. 1), assuming E

iso

=1050 erg and E
cut

=100 GeV.

8.2 Validation of the strategy

To verify the validity of the proposed strategy to detect short GRBs, we performed accurate
simulations of the GRB emission and detection with ctools. Specifically, we used the function
ctobssim to create the event maps for the simulated GRB, assuming a total latency and
duration of the observations as estimated with the previously described strategy. We then
verify if the source is detected producing the Test Statistic (TS) map (see Appendix A) with
the function cttsmap: we performed our simulations with a ROI of 2.25� ⇥ 2.25

� and a pixel
size of 0.2�.

One of the event maps obtained for the simulated GRB as seen by CTA South in the
energy range 0.03 - 10 TeV is shown in Fig. 3, together with the associated TS map. It can
be seen that the TS value is ⇠ 70: this corresponds to a statistical (post-trial) significance
> 5�: therefore, the adopted strategy allows to detect the source.

Different observations of a source with a given intrinsic spectrum could yield different
statistical significances, due to fluctuations in the number of detected photons. We evaluated
these fluctuations repeating the simulation 1000 times with different seeds. For each simula-
tions, we got a statistical significance for the EM detection of the event. The distribution of
the statistical significance of the detection for the observed field containing the true source
position is shown in Fig. 4. It can be seen that the distribution is well described by a Gaussian
with mean (post-trials) µ ⇠5 and � ⇠ 1.3, as expected.

– 10 –

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

CTA Follow-up strategy of GW sky localisation region. 
Patricelli et al 2018, arXiv: 1801.05167



CTA MWL / MULTI-MESSENGER NEEDS
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CTA MWL / MULTI-MESSENGER NEEDS
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!
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!
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!
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!
!
!
!
!
!
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THANK YOU
ulisses@cbpf.br 

!
www.cta-observatory.org
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