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Ideal Telescope
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Science-optimization
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99	Telescopes	
• 4	LST	
• 25	MST	
• 70	SSTs
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CTA Consortium

Slide	by	Werner	Hofmann

August 2018

31	Contries	
92	Parties	
202	Institutes	
1466	members	(513	FTE)
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México

• 7 Scientist 
- Ruben Alfaro
- Alejandro Lara
- William Lee
- Maria Magdalena
- Lukas Nellen
- Andrés Sandoval
- Gagik Tovmassian

• 2 Engineers
- Fernando Garfias
- Arturo Iriarte

UNAM
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CTA Brazil
       CTA - SP - MST

● IFSC- USP

– Prof. Vitor de Souza 

– Profa. Manuela Vecchi

– Profa. Cibelle Celestino

– Dr. Humberto Huerta

– Dr. Aion Viana

– Edyvania Martins

– Rodrigo Lang

– Luan Arbeletche

– Andres Delgado

– Rodrigo Guedes Lang

– Danielle Kaori

● IF-USP

– Prof. Edivaldo Moura

– Douglas Pimentel

● UFABC

– Prof. Marcelo Leigui

– Raquel de Almeida

● UFSCar

– Dr. Gustavo Rojas

● UFPR

– Prof. Rita de Cássia

● EEL / USP

– Prof. Fernando Catalani

– Prof. Carlos Todero

● SAIFR / IFT - UNESP

– Dr. Fabio Iocco

– Dr Ekaterina Karukes

– Maria Benito

CTA - SP - SST

● IAG – USP

– Profa. Elisabete dal Pino

– Prof. Rodrigo Nemmen

– Dr. Rafael Batistai

– Dr. Chandra Singh

– Dr. Grzegorz Kowal

– Dr. Reinaldo Lima

– Dr. Paramita Barai

– Dr. Luis Kadowki

– Dr. Claudio Melioli

– Dr. Juan Ramirez

– Tania Torrejon

– Renato Gimenes

– Pankaj Kushwaha

– Saib Hussain

– Carlos Fermino

– Raniere Menezes

– William Bohórquez

– Lucas Santos

● UNICSul

– Prof. Anderson Caproni

● EACH / USP

– Prof. Diego Falceta-Gonçalves

– Mohammad Ali

        CTA - Rio

● CBPF

– Prof. UIisses de 
Almeida

– Prof. Ronald Shellard

– Bruno Arsioli

– Bernardo Fraga

– Rodrigo Cardoso

– Amanda Carvalho

12 Instituions

25 Scientists

16 Students

5 Technicians
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The Array Locations

 Array Coordinates 
Latitude: 24o 41’ 0.34” South
Longitude: 70o 18’ 58.84” West

 Array Coordinates 
Longitude: 17o 53’ 31.218” West
Latitude: 28o 45‘ 43.7904” North

area covered 
by the array of 
telescopes

area covered by the 
array of telescopes

 CTA North 
 Spain, La Palma 

 CTA South 
 Chile, Paranal 

~ 5 km 2

~ 0.5 km 2
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The Array Locations
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Large-Sized Telescope (LST)

LST Main Parameters

20 - 200 GeVEnergy Range

(Numbers are estimations.)

At the centre of both the northern and southern hemisphere arrays, 
a cluster of four Large-Sized Telescopes (LSTs) looms.

Standing tall at 45 m and weighing in at about 100 tonnes, the LSTs are 
CTA’s biggest telescopes. Why so big? Because gamma rays with low 
energies produce small showers with a low amount of Cherenkov light, 
telescopes with large mirrors are required to capture them.

LST mirrors will be 23 m in diameter and parabolic in shape, and the 
cameras will have a field of view of 4.5 degrees. But looks can be 
deceiving – these massive telescopes also must be very nimble to 

Large-Sized Telescope

SST  MST  LST 

9 m 

18 m 

27 m 

36 m 

45 m 

Proportions

Camera Parameters

Type of Sensors Photomultiplier Tubes

Number of Pixels 1855

Field of View 4.5 °

Mechanical and Optical Parameters

Dish Shape Parabolic

Dish Diameter 23 m

Focal Length 28 m

Total Weight 103 tons

capture brief, low-energy gamma-ray signals. The plan is for the LSTs 
to be able to re-position to a new target in the sky within 20 seconds.

More than 100 scientists and engineers from Brazil, Croatia, France, 
Germany, India, Italy, Japan, Spain and Sweden are working together 
to design and build the LSTs. An LST prototype is being constructed 
on CTA’s site on the island of La Palma and is scheduled to be 
completed in 2018.
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At the centre of both arrays (25 in the southern hemisphere and 15 in the northern 
hemisphere) and scattered just beyond the LSTs, CTA’s “workhorses”, the Medium-Sized 
Telescopes (MSTs), will be tasked to cover the middle of CTA’s energy range.

Medium-Sized Telescope

MST mirrors will be 12 m in diameter and will have two different 
camera designs. Their wide field of view of 8 degrees will enable 
the MSTs to take rapid surveys of the gamma-ray sky.

The MSTs are being designed and built by an international collaboration 
of institutes and universities from Austria, Germany, France, Brazil, 
Poland, Spain, Switzerland and Italy. An MST prototype was deployed 
in Berlin in 2012 and is currently undergoing performance testing.

SST  MST  LST 

9 m 

18 m 

27 m 

36 m 

45 m 

Proportions

Type of Sensors Photomultiplier 
Tubes

Photomultiplier 
Tubes

Number of Pixels 1758 1855

Field of View 7.7 ° 8 °

MST Main Parameters

Camera Parameters

Mechanical and Optical Parameters

Dish Shape Modified Davies Cotton

Dish Diameter 12 m

Focal Length 16 m

Total Weight 82 tons

FlashCAM NectarCAM

100 GeV - 10 TeVEnergy Range

A dual-mirrored version of the MST, the Schwarzschild-Couder 
Telescope (SCT), is proposed as an alternative type of medium 
telescope. The SCT’s two-mirror optical system is designed to better 
focus the light for greater imaging detail and improved detection 
of faint sources. In collaboration with the SST-2M and MST groups 
and institutes in Germany, Italy, Japan and Mexico, institutes in 
the United States have been the pioneers of the SCT design since 
2006. A prototype of the SCT is under construction at the Whipple 
Observatory in Arizona.
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1-300 TeV

(Numbers are estimations.)

The Small-Sized Telescopes (SSTs) will outnumber all the other telescopes and will be 

spread out over several square kilometres in the southern hemisphere array.

This is because VHE gamma-ray showers produce a large amount of 

Cherenkov light, and the SSTs are sensitive to the highest energy 

gamma rays. SST mirrors will be about 4 m in diameter and will have a 

wide field of view of 9 degrees. Three different SST implementations 

are being prototyped and tested – one single-mirror design and two 

dual-mirror designs.

The SST-1M is a single-mirror design with a 4 m diameter (focal length 

of 5.6 m) reflector that uses hexagonal mirror facets. The SST-1M 

project teams are in Czech Republic, Ireland, Poland and Switzerland. 

A prototype of the telescope is being tested in Krakow, Poland.

The SST-2M ASTRI design is a dual-mirror Schwarzschild-Couder 

configuration. The 4.3 m diameter primary mirror is segmented into 

hexagonal facets and the 1.8 m secondary mirror is monolithic. Teams 

in Italy, Brazil and South Africa are contributing to ASTRI. In 2016, the 

ASTRI prototype in Serra La Nave, Italy, demonstrated the viability 

of the Schwarzschild-Couder design for the first time since its initial 

conception in 1905 and detected its first Cherenkov light in 2017.

SST-2M GCT is also a dual-mirror design. The optics are very similar 

to those of the SST-2M ASTRI, but the GCT emphasizes a low-mass 

design. The 4 m diameter primary and the 2 m secondary mirrors are 

each divided into six petal-shaped segments, and a fold-up shelter 

will protect the telescope when it is not observing. The GCT is being 

built by teams in Australia, France, Germany, Japan, the Netherlands 

and the United Kingdom. While undergoing testing in Meudon, France 

in 2015, the GCT prototype was the first CTA prototype to detect 

Cherenkov light.

SST  MST
 

 LST 

9 m
 

18 m
 

27 m
 

36 m
 

45 m
 

Proportions

CTA will use more than 7,000 

highly-reflective mirror facets (90 

cm to 2 m diameter) to focus light 

into the telescopes’ cameras.

Small-Sized Telescope

Type of Sensors Silicon 

Photomultipliers

Silicon 

Photomultipliers

Silicon 

Photomultipliers

Number of Pixels 2368 2048 1296

Field of View 10 ° 9.2 ° 9 °

Camera Parameters

Mechanical and 

Optical Parameters

Energy Range

ASTRI

Dish Shape 2-Mirror 

Schwarzschild- 

Couder

2-Mirror 

Schwarzschild- 

Couder

Davies Cotton

Dish Diameter 4.3 m 4 m 4 m

Focal Length 2.15 m 2.28 m 5.60 m

Total Weight 19 tons 7.8 tons 8.6 tons

GCT SST-1M

 Circles: 400 m, 800 m, 1200 m

Large-Sized Telescope (LST)

Small-Sized Telescope (SST)

Medium-Sized Telescope (MST)

Southern Hemisphere Array 70 SSTs

! "
 1000 m 

SST Main Parameters

22 23

1-300 TeV

(Numbers are estimations.)
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conception in 1905 and detected its first Cherenkov light in 2017.

SST-2M GCT is also a dual-mirror design. The optics are very similar 

to those of the SST-2M ASTRI, but the GCT emphasizes a low-mass 

design. The 4 m diameter primary and the 2 m secondary mirrors are 

each divided into six petal-shaped segments, and a fold-up shelter 

will protect the telescope when it is not observing. The GCT is being 

built by teams in Australia, France, Germany, Japan, the Netherlands 

and the United Kingdom. While undergoing testing in Meudon, France 

in 2015, the GCT prototype was the first CTA prototype to detect 

Cherenkov light.
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CTA will use more than 7,000 

highly-reflective mirror facets (90 

cm to 2 m diameter) to focus light 

into the telescopes’ cameras.

Small-Sized Telescope

Type of Sensors Silicon 

Photomultipliers

Silicon 

Photomultipliers

Silicon 

Photomultipliers

Number of Pixels 2368 2048 1296

Field of View 10 ° 9.2 ° 9 °
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Medium-Sized Telescope (MST)

Southern Hemisphere Array 70 SSTs

! "
 1000 m 

SST Main Parameters

22 23

1-300 TeV

(Numbers are estimations.)
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CTA Phases and TImeline

48Slide by Rene Ong.
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CTA -  Differential Flux sensitivity threshold
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CTA performance
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Angular	resolutionEnergy	resolution
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The γ-ray horizon

  

28

1 pc = 3 x 1016 m

CB

Slide	by	V.	De	Souza
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The γ-ray horizon
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CTA Key Science Projects (KSPs) 
Key Science Projects (KSPs)

6

Slide	by	A	Viana
�22



Three major study themes

The	origin	and	
role	of	relativistic	
cosmic	particles

Extreme	environments Frontiers	in	Physics

• Accelerate		
• Propagate	
• …

Understating Probing

• neutron	stars	
• black	holes	
• Relativistic	jets	
• …

Exploring

• Fundamental	
physics	
- LIV	

• Dark	Matter	
• Axions	
• …
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Testing the frontiers of physics

https://www.cta-observatory.org/what-
propogation-of-energetic-light-can-tell-us/

Gamma	rays	
produce	electron-
positron	pairs	
when	interacting	
with	EBL	photons

Exotic	processes	
such	as	LIV	or	
coupling	to	axion-
like	particles	could	
modify	the	
absorption,	
resulting	in	
characteristic	
spectral	features.

humbertomh@ifsc.usp.br �24
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Lorentz Invariance Violation

E2 � p2 ± ✏A2 = m2, A	general	modification	to	the	
dispersion	relation	would	rather	
involve	a	general	function	of	
energy	and	momentum✏ ! ✏(A)

The dispersion relation:

E � m,

✏(A)A2 = ✏(0)A2 + ✏0(0)A(2+1) +
✏00(0)

2!
A(2+2) +

✏000(0)

3!
A(2+3) + . . .

LIV	negligible	at	the	
lower	standard	energies	

n � 1

it is not necessarily bound to a particular LIV-model, which allows 
to generalize to some point the search of LIV-signatures.  

E2 � p2 ± �nA
n+2 = m2, �n = ✏(n)/Mn = 1/(E(n)

LIV )
n
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Pair production

The	threshold	equation

Critical	point

Background:

humbertomh@ifsc.usp.br

⇤n > 0

⇤n = 0

⇤n < 0 Threshold-shifts

LI	scenario

+2nd	Threshold

H. Martinez and A. Lorenzana  
Phys. Rev. D 95, 063001 (2017)

LI
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Lorentz Invariance Violation

Allowed	production	region	
will	change	with	the	LIV	
parameter	and	the	Energy

BKG

Lang, Martinez & De Souza
ApJ 853, no.1, 23 (2018) 

humbertomh@ifsc.usp.br
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Lorentz Invariance Violation

Allowed	production	region	
will	change	with	the	LIV	
parameter	and	the	Energy

BKG

Lang, Martinez & De Souza
ApJ 853, no.1, 23 (2018) 

Strong	LIV	effects

humbertomh@ifsc.usp.br
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Optical depth

The distance 
element  

Density of 
BKG photons  

Pair Production 
cross section  

Breit & Wheeler 
1934; Heitler 1960 

De Angelis, Alessandro et al.  
Mon.Not.Roy.Astron.Soc.  

432 (2013) 3245-3249

BKG

⇥
Z 1

�1
d(cos ✓)

1� cos ✓

2
�(E� , ✏, z, cos ✓)
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⌧�(E� , z, n) =

Z z

0
dz

c

H0(1 + z)
p
⌦⇤ + ⌦M (1 + z)3
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Optical depth + LIV

LIV

BKG

⌧�(E� , z, n, E
(n)
LIV ) =

Z z

0
dz

c

H0(1 + z)
p

⌦⇤ + ⌦M (1 + z)3
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Optical depth + LIV

⌧�(E� , z, n, E
(n)
LIV ) =

Z z

0
dz

c

H0(1 + z)
p
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Optical depth + LIV

More photons!!

⌧�(E� , z, n, E
(n)
LIV ) =

Z z

0
dz

c

H0(1 + z)
p

⌦⇤ + ⌦M (1 + z)3
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Strong	LIV	effects
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EBL absorption

LI LIV
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EBL absorption
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Simulating a LIV signature with CTA

F. Gate et al (CTA Consortium) ICRC’17  
arXiv:1709.04185
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Fact Sheets

The series of fact sheets are now available in English, French, Spanish, 

Italian and German on the Materials page of the website.

#CTAParis2018

CTA outreach

https://www.cta-observatory.org/wp-content/uploads/2017/06/cherenkov-
telescope-array-observatory_brochure_june-2017.pdf

https://www.cta-observatory.org

2017 Exhibition Wrap-up

• Three events attended: 
– EWASS (Prague)
– ICRC (Busan)
– Texas Symposium 

(Cape Town)
• Connected with 

hundreds of attendees 
and handed out:
– 400 brochures
– 450 CTA bags
– 550 CTA pens
– 800 CTA stickers

• Thank you to the 30+ 
volunteers who helped 
staff the booth!

#CTAParis2018
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• CTA is an unprecedented World wide effort for the benefit of all.

• It will be a venture beyond the high-energy frontier.

• It will have a large improvement in sensitivity and resolution 
over wide energy range.

• CTA Consortium is working to show the capability of CTA to 
explore various science cases ranging from cosmology to 
fundamental physics with an unprecedented sensitivity. 

• Such is the case of LIV signatures even beyond the Plank 
scale

• CTA science program: 
 
https://arxiv.org/abs/1709.07997  

Conclusions and remarks 
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LST-1 Inauguration: 10 October 2018, La 
Palma!

https://www.cta-observatory.org/
lst-1_inauguration/
#1537438338748-138fee30-0502

On	Wednesday,	10	October	2018,	
more	than	200	guests	from	
around	the	world	will	gather	on	
the	northern	array	site	of	the	
Cherenkov	Telescope	Array	(CTA)	
to	celebrate	the	inauguration	of	
the	prototype	Large-Sized	
Telescope	(LST).	The	telescope,	
named	LST-1,	is	intended	to	
become	the	first	of	four	LSTs	on	
the	CTA-North	site,	which	is	
located	on	the	existing	site	of	the	
Instituto	de	Astrofisica	de	
Canarias’	(IAC’s)	Observatorio	del	
Roque	de	los	Muchachos	located	
in	the	municipality	of	Villa	de	
Garafia	on	the	island	of	La	Palma.

https://www.cta-observatory.org/
http://www.iac.es/eno.php?op1=2&lang=en
http://www.iac.es/eno.php?op1=2&lang=en
http://www.iac.es/eno.php?op1=2&lang=en
http://www.garafia.es/
http://www.garafia.es/


Thanks!  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