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•  The initial idea of CTA came in 2006, and since then it has 
evolved in such a way that it has managed to rank high in the 
roadmaps of all relevant European forums (ESFRI, ASPERA, 
ASTRONET) and American reviews (PASAG, Decadal Review). 

•  After over 10 years of work, CTA is just completing the 
Preproduction Phase by having passed a CDR, downselecting 
North and South Observatory sites, Headquarters and Science 
Data Management Centre, having working prototypes of most of 
its elements, and heading towards the Preconstruction Phase 
with its de-facto first telescope in construction already in CTA-
North. 

•  CTA shall be soon the first ground-based open Observatory in 
the field of Astroparticle Physics, providing a new leap in our 
exploration of the High Energy Universe. 

•  CTA is (finally…) coming on stage !. 

Summary and outlook  
 



1) THE MAKE OF THE 
CTA PROJECT
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Techniques 

   Many different approaches have been tried 

   Not all have stood the test of time 

   Major projects planned using three of them 
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IMFP	(Winter	Mee(ng)	2016	 Madrid,		April	5,	2016	J.	Rico	-	Gamma-rays	/	CTA	

Imaging	Cherenkov	principle	

O(1ns)	flash		
blueish	light	



TeV Observatories 

• Cherenkov Telescopes: low uptime, small FOV, excellent bkg rejection and angular resolution 
-> deep surveys, point sources, high-resolution energy spectra 
 
• Particle detector arrays: high uptime, large FOV, reasonable background rejection and angular resolution 
-> unbiased surveys, transients, extended/diffuse emission, cosmic rays and solar physics 



>175 sources detected 
by ground-based 
instruments 
	 

  Not impressive versus 
3FGL (O(2K)), but… 



TeV Impact Highlights from H.E.S.S., MAGIC,VERITAS 

●  
●  
●  
●  
●  
●  
●  
●  
●  
●  
●  

Microquasars: Science 309, 746 (2005), Science 312, 1771 (2006) 
Pulsars: Science 322, 1221 (2008), Science 334, 69 (2011) 
Supernova Remnants: Nature 432, 75 (2004) 
The Galactic Centre: Nature 439, 695 (2006) 
The Magellanic Cloud: Science 347, 406 (2015) 
Surveys: Science 307, 1839 (2005), PRL 95, 251103 (2005) 
Starbursts: Nature 462, 770 (2009), Science 326,1080 (2009) 
AGN: Science 314,1424 (2006), Science 325, 444 (2009), Science 346, 1080 (2014) 
EBL: Nature 440, 1018 (2006), Science 320, 752 (2008) 
Dark Matter: PRL 96, 221102 (2006), PRL 106, 161301 (2011) 
Lorentz Invariance: PRL 101, 170402 (2008) 
Cosmic Ray Electrons: PRL 101, 261104 (2009) 



WHAT IS CTA ?




CTA	consor(um:	a	world-wide	effort   

32	countries		
94	par<es		
208	ins<tutes		
1402	members	(480	FTE)				
(May	2017)	



	›   Improved background 
	 	rejection power 

☛ More telescopes ! 
Simulation: 
Superimposed images 
from 8 cameras 

How to do better with 
	 	IACT arrays? 
	
	●  More events 
	 	 	}}   More photons = better 
	 	 	 	spectra, images, fainter 
	 	 	 	sources 
	 	 	 	 	›   Larger collection area for 
	 	 	 	 	 	gamma-rays 

	●  Better events 
	 	 	}}   More precise 
	 	 	 	measurements of 
	 	 	 	atmospheric cascades and 
	 	 	 	hence primary gammas 
	 	 	 	 	›   Improved angular 
	 	 	 	 	 	resolution 



Larger Area More Contained Events 
			
	Light pool radius 
	R ≈ 100-150m 
	≈ typical telescope Spacing 

Sweet spot for best 
triggering & 
reconstruction… 
most showers miss it! 

✓Larger detection Area 
✓More Images per shower 
✓Better γ-ray reconstruction 
✓Lower energy threshold 



What is CTA? 
An advanced facility for very-high energy gamma-ray astronomy 

Large-Size	Telescopes	(LSTs)	
energy	threshold	of	O(10)	GeV	

Mid-Size	Telescopes	(MSTs)		
mCrab	sensi(vity	in	0.1	-	10	TeV	

Small-Size	Telescopes	(SSTs)	
~10	km2	effec(ve	area	at	
mul(-TeV	energies	

10	fold	sensi(vity	and	energy	range	w.r.t.	current	installa(ons	
Improved	angular	and	spectral	resolu(on	

->	A	mixed	array	of	
Cherenkov	Telescopes:		



CTA sensitivity in units of Crab flux 
for 5 σ detection & Nγ > 10  in each  0.2-dex bin in E, in 50 h 

SENSITIVITY (IN UNITS OF CRAB FLUX) 
FOR DETECTION IN EACH 0.2-DECADE ENERGY BAND


LST


MST


SST


background and

systematics limited


background limited


rate (=area) limited


-----	MAGIC	2010	



All-sky	coverage:		
two	observatories	

Galac(c	plus	
extragalac(c	

science	

Mainly	
extragalac(c	

science	
North	site	
ORM	Spain	

South	site	
ESO	Chile	

Low	energy	array	(4	LST	+	15	MST)	
~100	M€	

Full	energy	array	(4	LST	+	25	MST	+	70	SST)	
~200	M€	

Total	cost	~	300	M€	



ARRAY LAYOUTS


Reference (baseline) layouts


4 LST

15 MST


4 LST

25 MST

70 SST

36 SCT ext.


CTA-South
 CTA-North






… just brute force ? 
 

No ! 
 

 actually, smart force… 
  



CTA observation modes 

Very deep field 



CTA observation modes 

Deep field 
~1/2 of telescopes 

Deep field 
~1/3 of telescopes 

Monitoring 
4 telescopes 

Monitoring 
4 Telescopes 

Monitoring 
1 telescope 

Monitoring 
4 telescope 



CTA observation modes 

Survey mode: 
Full sky at current  
sensitivity in ~1 year 



 CTA status and plans 



->	TDR	VOLUMES	

Over	5000	pages	!	
=> CDR passed  in June 2015 




SST 1M 

Small size telescopes 
	

	ASTRI GCT 

	Science drivers 
	Highest energies (> 5 TeV) 
	Galactic science, PeVatrons 	
	Array layout 
	South site: 70 SST 
	North site: - 

Mondello 2016 13 

First	Cherenkov	light	
May	2016	

First	Cherenkov	light	
May	2017	



J. Cortina, CTA 

Medium size telescopes 
		

	Science drivers 
	Mid energies (100 GeV – 10 TeV) 
	DM, AGN, SNR, PWN, binaries, 
	starbursts, EBL, IGM 	
	Characteristics 
	Modified Davies-Cotton design 
	12 m diameter 
	90 m2 effective mirror area 
	1.2 m mirror facets 
	16 m focal length 
	8° field of view 
	0.18° PMT pixels 

Array layout 
South site: 25 MST 
North site: 15 MST 	
Status 
Telescope prototyped (Berlin-Adlershof) 
Prototype cameras under construction (2 types: NectarCAM & FlashCam) 

Mondello 2016 12 



J. Cortina, CTA Mondello 2016 12 

Schwarzchild-Couder	Mid	Size	Telescope	(SCT)	prototype	mechanics	ready	in	Arizona	



Large size telescopes 
	

	 	Science drivers 
	 	Lowest energies (< 200 GeV) 
	 	Transient phenomena 
	 	DM, AGN, GRB, pulsars 	
	 	Characteristics 
	 	Parabolic design 
	 	23 m diameter 
	 	370 m2 effective mirror area 
	 	28 m focal length 
	 	2 m2 mirror facets 
	 	4.5° field of view 
	 	0.11° PMT pixels 
	 	active mirror control 
	 	Carbon-fibre structure (fast repointing) 	
	 	Array layout 
	 	South site: 4 LST 
	 	North site: 4 LST 	
	 	Status 
	 	All elements prototyped 
	 	Prototype telescope under construction in 
	 	La Palma 					
	 

Mondello 2016 11 



LST1: Foundations ready at ORM 
 
Rail and central pin being commissioned 
 
First CTA Telescope on-site taking shape ! 



LA PALMA – CTA North 

•  Canary Islands, Spain 	
•  Observatorio del Roque de los Muchachos 	
•  Existing observatory, under management by 	

	Instituto de Astrofisica de Canarias (IAC) 	
•  Site of LST 1 & existing MAGIC telescopes 	
•  Current work: topographical study, building 
concepts, tender for geotechnical study soon 	4 LSTs	

15 MSTs	



ESO/PARANAL – CTA South 
•  Atacama Desert, Chile, below Cerro Paranal 	
•  Existing observatory, under management by 

European Southern Observatory (ESO) 
•  Near a set of existing (VLT) and future (ELT) telescopes 





Deployment 



2) CTA  
WILL BE AN OBSERVATORY




WHAT FOR, CTA ?




CTA RESEARCH TOPICS


§  Cosmic Rays

§  sites of acceleration in our galaxy and beyond

§  search for pevatrons

§  CR interactions within galaxies & clusters


§  Probing extreme environments

§  relativistic jets & winds in the vicinity of neutron 

stars & black holes

§  Probing the intergalactic medium


§  B-fields, background radiation fields

§  Physics frontiers


§  indirect DM searches (WIMPS, axions)

§  testing the invariance of the speed of light 




An overview of the CTA Science Case…

(credit Jim Hinton, Project Scientist)
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Few arcminute →

morphology 
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→ Pevatrons 




ASTROPARTICLE PHYSICS:  
CTA SPECIAL ISSUE MARCH 2013




CTA sensitivity 



	
World	Scien(fic	
open-access	Book	

(>200	pages)	
	

CTA	Key	Science	
	Programs	

	
Ready	for	
publica(on	



Key Science Projects (KSPs) 
					

	Transients 

	Galaxy 
Clusters 	ExGal 

Survey 
Dark Matter 
Programme 

Star Forming 
	Systems AGN 

	LMC 
Survey 

PeVatrons 

Galactic 
Plane Survey 

Galactic 
	Centre 



CTA AS AN 
OBSERVATORY




J. Cortina, CTA 

time 

Deployment status 

Observing Time 		
		Current assumptions 
 
	CTA parties pool the observing time in: 
 
	•    Open time (for scientists of party countries) 
 
	•    Consortium time (Key Science Projects) 
 
	All data will become fully public after a proprietary period 
	(typically one year) 

100% 

commissioning 

consortium time 

open time 

Mondello 2016 19 

Proposals 

Key 
Science 
Programs 



USER COMMUNITY 






§   CTA is the first true open observatory



for VHE gamma-ray astronomy 


§   Annual AOs for Guest Observer proposals 



 

§  With PI from participating country 


§   Anticipate public archive for all (high-level)



 
data after one year proprietary period 


§   Community Size? 


§   Consortium 1000, Estimated Co-Is of GO



 
proposals O(5000), Co-authors of archive-



 
based publications O(10000) 


§   Series of workshops held to engage



with a wider community 


§   Particle Physics, X-ray, Cosmic ray (+several



 
more general) 



 
CTA Archive Users 












CTA Consortium 









CTA Guest Observers 




Complementarity	with	other	Observatories			(Jim	Hinton	2015)	



3) SUMMARY  AND OUTLOOK




 

•  The initial idea of CTA came in 2006, and since then it has 
evolved in such a way that it has managed to rank high in the 
roadmaps of all relevant European forums (ESFRI, ASPERA, 
ASTRONET) and American reviews (PASAG, Decadal Review). 

•  After over 10 years of work, CTA is just completing the 
Preproduction Phase by having passed a CDR, downselecting 
North and South Observatory sites, Headquarters and Science 
Data Management Centre, having working prototypes of most of 
its elements, and heading towards the Preconstruction Phase 
with its de-facto first telescope in construction already in CTA-
North. 

•  CTA shall be soon the first ground-based open Observatory in 
the field of Astroparticle Physics, providing a new leap in our 
exploration of the High Energy Universe. 

•  CTA is (finally…) coming on stage !. 

Summary and outlook  
 



 

AND 
 

Since CTA shall be an Open Observatory, 

 ….all of you are invited to make out of it  

a great scientific discovery machine 

 in a few years from now ! 


