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CTA infrastructures:  
Telescopes and Sites 

 
 

An overview of the various telescope structures and sites infrastructures 
needed to operate the Cherenkov Telescope Array 

 
	
  
	
  
	
  

Rodolfo	
  Canestrari	
  	
  

INAF-­‐Astronomical	
  Observatory	
  of	
  Brera	
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The	
  future	
  in	
  
VHE	
  gamma	
  ray	
  
astronomy:	
  

10	
  fold	
  sensi,vity	
  of	
  current	
  instruments	
  

10	
  fold	
  energy	
  range	
  

improved	
  angular	
  resolu,on	
  

	
  

O(100)	
  telescopes	
  in	
  mixed	
  arrays	
  

distributed	
  in	
  two	
  sites	
  (North	
  /	
  South)	
  

	
  operated	
  as	
  observatory	
  

	
  

Es,mated	
  cost	
  ~200	
  M€	
   World-­‐wide	
  coopera>on	
  

27	
  countries	
  

80	
  par>es	
  

348	
  FTEs	
  

1127	
  scien>sts	
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The zoo – part 1 

Core-energy array: 

-  Medium Size Telescopes MST 

-  Schwarzschild-Couder Telescopes SCT 

Low-energy section: 
-  Large Size Telescopes LST 

High-energy section: 

-  1-Mirror Small Size Telescopes 1M-SST 

-  2-Mirror Small Size Telescopes 2M-SST 



Rodolfo Canestrari – CTA Industry Day – INAF Headquarter – Rome – 16th July 2013	



The zoo – part 2 

Southern	
  site:	
  

-­‐  4x	
  LST	
  +	
  25x	
  MST	
  +	
  36x	
  SCT	
  +	
  70x	
  SST	
  

-­‐  3x3	
  km2	
  

Northern	
  site:	
  

-­‐  4x	
  LST	
  +	
  15x	
  MST	
  

-­‐  1x1	
  km2	
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The Large Size Telescope 

HOT	
  NUMBERS	
  

	
  

Diameter:	
  23m;	
  f/D	
  =	
  1.2;	
  f=28m	
  	
  

Collec,ng	
  area:	
  389	
  m2	
  	
  

	
  

Dish	
  profile:	
  Parabolic	
  

Deforma,on	
  of	
  mirror	
  dish:	
  <	
  10mm	
  	
  

Ac,ve	
  mirror	
  Control	
  	
  

	
  

Fast	
  rota,on:	
  360°	
  /	
  40sec	
  	
  

Tracking	
  accuracy:	
  20	
  arcsec	
  	
  

Total	
  weight:	
  70	
  tons	
  	
  

	
  

Grand	
  total	
  of	
  4	
  (+4)	
  telescopes	
  needed	
  

Motivation 
!  The role of LST sub-system 

!  Achieve the lowest possible Energy 
Threshold 

!  Key energy range:  20GeV-1000GeV 

!  Expand Gamma Ray horizon 
!  GRBs (z<4), high redshift AGNs(z<2) 
!  Pulsars, Galactic transients 

!  Specific challenges 
!  Fast rotation for the GRB follow-up 
observation (20sec / 180 degrees) 

!  High throughput optics 
    High reflective mirrors, 
     small shadowing 

Designed(by(MPI(Munich(and(MERO�CFRP	
  space	
  frame	
  structure	
  with	
  special	
  
end-­‐pieces	
  (T-­‐Igel)	
  

Steel	
  tubes	
  at	
  the	
  very	
  bo`om	
  



Rodolfo Canestrari – CTA Industry Day – INAF Headquarter – Rome – 16th July 2013	



The Large Size Telescope 

The	
   telescope	
   is	
   studied	
   by	
   a	
  
consor,um	
   of	
   German-­‐Spanish-­‐French	
  
Ins,tutes	
  and	
  Universi,es.	
  

Prototyping	
  ac,vi,es	
  planned/ongoing	
  

PI:	
  Prof.	
  Masahiro	
  Teshima	
  –	
  MPG	
  

masahiro.teshima@mppmu.mpg.de	
  
Specifications 

!  The Threshold Energy 
!  20GeV 

!  Telescope Structure 
!  Diameter: 23m 
!  Dish area: 389 m2 
!  F/D = 1.2, F=28m 
!  Dish profile: Parabolic 

" Isochronicity < 0.6 nsec in RMS 
!  Single mast supporting the camera 

" Reduce the shadow 
!  Total weight: 70 tons 
!  Fast rotation: 180 deg/ 20sec 
!  Deformation of mirror dish: <~10mm 

!  Active mirror Control 
!  Tracking accuracy: 20 arcsec 

Designed(by(MPI(Munich(and(MERO�

Rack and Pinion driving 
system and Rail System 

Rack and Pinion  
driving system 

Dual Rail System 

Upper(and(lower(wheels(grasp(the(rail(to(avoid((
the(strong(wind(li=s(up(the(telescope(structure((�

Rack and Pinion driving 
system and Rail System 

Rack and Pinion  
driving system 

Dual Rail System 

Upper(and(lower(wheels(grasp(the(rail(to(avoid((
the(strong(wind(li=s(up(the(telescope(structure((�

Complex	
  dual-­‐rail	
  and	
  
bogie	
  system	
  to	
  move	
  the	
  
telescope	
  and	
  to	
  hold	
  it	
  
against	
  wind	
  storm	
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The Medium Size Telescope 

Dirk Naumann  |  MST STR review  |  July 2012  |  page 5 

MST STR overview sub assemblies 

• head – assembly 
• DESY Zeuthen 
• weight ~ 10t 

• dish/ counterweight – assembly 
• ANL 
• weight ~ 45t 

• mirror support tubes/ Clamps – assembly 
• DESY Zeuthen 
• weight ~ 1t 

• mirror – assembly 
• Different Institutes 
• weight ~ 4t 

• tower/ foundation  
• DESY HH 
• weight ~ 6t (tower) 

• quadropod – assembly 
• CEA Saclay 
• weight ~ 4t 

• camera-dummy – assembly 
• LLR 
• weight max. 2.5t 

• lock unit/ foundation 
• DESY Zeuthen/ HH 
• weight ~ 1t (lock unit) 

HOT	
  NUMBERS	
  

	
  

Diameter:	
  12m;	
  f/D	
  =	
  1.3;	
  f=16m	
  	
  

Collec,ng	
  area:	
  100	
  m2	
  	
  

Ac,ve	
  Mirror	
  Control	
  

Camera	
  weight:	
  2.5	
  ton	
  

Fast	
  rota,on:	
  360°	
  /	
  78sec	
  	
  

Total	
  weight:	
  75	
  tons	
  	
  

Grand	
  total	
  of	
  25	
  (+15)	
  
telescopes	
  needed	
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The Medium Size Telescope 

The	
   telescope	
   is	
   studied	
   by	
   a	
   consor,um	
   of	
   German-­‐
French-­‐US	
  Ins,tutes	
  and	
  Universi,es	
  

Prototyping	
  ac,vi,es	
  planned/ongoing	
  

PI:	
  Prof.	
  Stefan	
  Schlenstedt	
  –	
  MPG	
  

stefan.schlenstedt@desy.de	
  

Stefan Schlenstedt | MST prototype experience | CTA meeting Chicago | May 28, 2013 |  

MST Positioner And Drive System 
For The SCT

> Production and mounting      
as planned 

• Surveys

• Upgrades

• Adaptations

> Drive and safety system       
as expected

• Optimization 

• Upgrades?

18Steel	
  structure	
  made	
  by	
  assembled	
  
tubes	
  (bolted	
  joints)	
  

The	
  column	
  hosts	
  the	
  azimuth	
  
drives	
  and	
  electric	
  cabinets	
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The Schwarzschild-Couder Telescope 

HOT	
  NUMBERS	
  

	
  

Dual-­‐Mirror	
  design	
  with:	
  

	
  M1	
  diameter:	
  9.66	
  m	
  

	
  M2	
  diameter:	
  5.42	
  m	
  	
  

	
  f/D	
  =	
  0.58	
  

	
  Collec,ng	
  area:	
  50	
  m2	
  	
  

	
  

Camera	
  weight:	
  0.7	
  ton	
  

Ac,ve	
  Mirror	
  Control	
  (M1	
  and	
  M2)	
  

Total	
  weight:	
  40	
  tons	
  	
  

	
  

Grand	
  total	
  of	
  36	
  telescopes	
  needed	
  

Truss	
  structure	
  made	
  by	
  assembled	
  
steel	
  tubes	
  (Open	
  Joist	
  Trusses)	
  

Use	
  the	
  same	
  column	
  and	
  driving	
  
system	
  as	
  MST	
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The	
   telescope	
   is	
   studied	
   by	
   a	
   consor,um	
   of	
   US	
  
Ins,tutes	
  and	
  Universi,es	
  

Prototyping	
  ac,vi,es	
  planned/ongoing	
  

PI:	
  Prof.	
  Vladimir	
  Vassilliev	
  –	
  UCLA	
  

vvv@astro.ucla.edu	
  

The Schwarzschild-Couder Telescope 
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The 1-Mirror Small Size Telescope 

This	
  design	
  is	
  similar	
  to	
  a	
  scaled-­‐down	
  
MST	
  and	
  uses	
  the	
  same	
  driving	
  system	
  

2 

1M‐SST – op8cs 

Single‐mirror Davies‐Co;on design with G‐APD photosensor camera with  

sensi1vity in 1‐300 TeV energy range 

•  physical pixel plate: 2.4 cm 
•  dish outer diameter: D = 3.98 m 

•  focal length: 5.6 m 

•  f/D = 1.4 

•  camera field‐of‐view: ~9o 

•  angular pixel pitch < 0.25o 

HOT	
  NUMBERS	
  

	
  

Diameter:	
  4m;	
  f/D	
  =	
  1.4;	
  f=5.6m	
  	
  

Collec,ng	
  area:	
  10	
  m2	
  	
  

	
  

Ac,ve	
  mirror	
  Control	
  	
  

Camera	
  weight:	
  0.3	
  ton	
  

	
  

Total	
  weight:	
  10	
  tons	
  	
  

	
  

Grand	
  total	
  of	
  70	
  telescopes	
  needed	
  



Rodolfo Canestrari – CTA Industry Day – INAF Headquarter – Rome – 16th July 2013	



The	
  telescope	
  is	
  studied	
  by	
  a	
  consor,um	
  of	
  Swiss	
  
and	
  Poland	
  ins,tutes.	
  

Prototyping	
  ac,vi,es	
  planned/ongoing	
  

PI:	
  Prof.	
  Teresa	
  Montaruli	
  –	
  Uni	
  Geneve	
  

teresa.montaruli@unige.ch	
  

The 1-Mirror Small Size Telescope 

1M‐SST – mechanical structure design 

4 

General features 

•  mast (1) holding camera (4, 300 kg) connected directly to dish support structure (2) 

•  counterweight (3) integrated with dish support structure; wings for s1ffness and resistance to wind blows 

•  mirrors (5) mounted on the dish (6) a;ached to (2) 

•  dish support structure mounted on the telescope support (7, tower) 

•  dock sta1on (8) locks telescope at parking posi1on 

•  camera housing under development – see next talk on 1M‐SST camera 

Developed by the Ins1tute of Nuclear Physics (IFJ PAN) team from Krakow 

Figures based on technical documenta1on by DTI, Gliwice 

1M‐SST – mechanical structure design 

4 

General features 

•  mast (1) holding camera (4, 300 kg) connected directly to dish support structure (2) 

•  counterweight (3) integrated with dish support structure; wings for s1ffness and resistance to wind blows 

•  mirrors (5) mounted on the dish (6) a;ached to (2) 

•  dish support structure mounted on the telescope support (7, tower) 

•  dock sta1on (8) locks telescope at parking posi1on 

•  camera housing under development – see next talk on 1M‐SST camera 

Developed by the Ins1tute of Nuclear Physics (IFJ PAN) team from Krakow 

Figures based on technical documenta1on by DTI, Gliwice 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The 2-Mirror Small Size Telescope 

HOT	
  NUMBERS	
  

	
  

Dual-­‐Mirror	
  design	
  with:	
  

	
  M1	
  diameter:	
  4	
  m	
  

	
  M2	
  diameter:	
  2	
  m	
  	
  

	
  f/D	
  =	
  0.5	
  

	
  Collec,ng	
  area:	
  10	
  m2	
  	
  

Ac,ve	
  Mirror	
  Control	
  (M1	
  and	
  M2)	
  

Total	
  weight:	
  20	
  tons	
  	
  

	
  

Grand	
  total	
  of	
  70	
  telescopes	
  needed	
  
It	
  uses	
  the	
  same	
  op,cal	
  layout	
  of	
  the	
  
SCT,	
  but	
  pushing	
  on	
  the	
  field	
  of	
  view	
  
instead	
  of	
  the	
  angular	
  resolu,on	
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May 28th – June 1st,  2013 CTA Meeting - Chicago 3 

Overview of the telescope  

Camera  

Mirror M1  

Azimuth Structure    

Mast and Truss Structure MTS    

Mirror M2  

Dish M1 

Elevation Structure    

Tower  

Counterweight  

Fork  

May 28th – June 1st,  2013 CTA Meeting - Chicago 9 

Optomechanical structure  

• Primary Dish 
– Fixed on a flange at an end of the central axis 
– Hexagonal structure whose each vertex is located  

at the CoG of one M1 panel and is an interface flange  
for the actuators support 

– Rectangular beams 160×80×8 mm3 
– Rotation of the M1 dish  

• Ease the M1 tiles assembly, maintainability 
• Reduce any hazards  

 

• Actuators  
– supported by a triangular structure similar to HESS I 

Mirror Unit developed by ECAP (Erlangen)  
– manufactured by moulding for large scale production 

and by an assembly of flat bars for prototyping.  
– optimised by FE with respect to changes in elevation 

angle and wind loads in operating and survival modes. 

Interface with the tubes 

Elevation axis 

Central axis 

Arm 

Structure  reinforcement 

MTS Support 

Primary Dish 

Optical axis 

Actuators 

Breakdown of Central Axis,  MTS Support 
and Primary Dish (top) – Back view of the 

PMS (bottom) 

The	
  telescope	
  is	
  studied	
  by	
  the	
  Paris	
  Observatory	
  

Prototyping	
  ac,vi,es	
  planned/ongoing	
  

PI:	
  Prof.	
  Helene	
  Sol	
  –	
  OBS	
  Paris-­‐Meudon	
  

Helene.Sol@obspm.fr	
  

The 2-Mirror Small Size Telescope 
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Prototyping	
  ac,vi,es	
  planned/ongoing	
  

PI:	
  Prof.	
  Giovanni	
  Pareschi	
  –	
  OA	
  Brera	
  

giovanni.pareschi@brera.inaf.it	
  

The 2-Mirror Small Size Telescope 

The	
  telescope	
  is	
  studied	
  
by	
  INAF	
  in	
  the	
  contest	
  of	
  
ASTRI,	
  a	
  flagship	
  project	
  

of	
  MIUR	
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The	
  telescope	
  control	
  hardware	
  include	
  at	
  least:	
  

-­‐  safety	
  and	
  health	
  monitoring;	
  

-­‐  ac,ve	
  mirror	
  control;	
  

-­‐  drive	
  systems;	
  

-­‐  electrical	
  cabinets	
  and	
  cabling	
  

-­‐  more	
  and	
  more	
  other…	
  

 

 ASTRI 
             

  Code: ASTRI-SPEC-IASFMI

 

           All information contained in this document is property of 

  

 

The control hardware is defined by the Telescope
constituted by three different intelligences

TCU – Telescope Control Unit, in charge of the servo Major system (AZ/EL motor)

THMU- Telescope Health Monitoring Unit, which is in charge of the safety PLC and of all 
the control and monitoring functions of the telescope. 
PSU are in the THMU system.

AMCU- Active Mirror control Unit which is in charge of the movement and monitor of the 
active surface (M1 and M2) 

A very high level scheme is shown 

 

Telescope Control System (TCS)

Telescope Control 
Unit

Profibus AZ

Optical Telescope Monitor 

Dati CCD 

To/from Switch Ethernet

Peltier Control

Fig. 4 High level description of TCS assembly

 

This hardware will be assembled by INAF and tested against SW functions coded by 
INAF. The contractor shall receive the assembly from INAF and it will be integrated in 
the cabinet. The contractor is requested to connect the TCS system to 
interface points:  

- Major Servo Drives (Contractor shall provide and install the Profibus cable)
- Active Mirror Boxes (Contractor shall provide and install CAN BUS cable)
- Monitoring (Contractor shall provide and install c

2.1.3) 
- Power (Contractor shall provide and install cable to TCS power supply as 

requested per Par. 2.1.2.1

ASTRI - Astrofisica con Specchi a  
             Tecnologia Replicante Italiana

IASFMI-3000-007  Issue 1 DATE 08/03/13

All information contained in this document is property of INAF.  All rights reserved.  

 

The control hardware is defined by the Telescope Control System, which is basically 
constituted by three different intelligences 

Telescope Control Unit, in charge of the servo Major system (AZ/EL motor)

Telescope Health Monitoring Unit, which is in charge of the safety PLC and of all 
trol and monitoring functions of the telescope. Most of the interface

in the THMU system. 

Active Mirror control Unit which is in charge of the movement and monitor of the 
 

A very high level scheme is shown below. 

)

Active Mirror 
Control Unit

Telescope Health 
Control Unit

Profibus AZ/EL
CanOPEN 

(M2)
CanOPEN 

(M1)

Optical Telescope Monitor (OTM)

Dati CCD (1Gb)

Health Monitoring

24V

Ethercat Ethercat

Power Supply

High level description of TCS assembly 

This hardware will be assembled by INAF and tested against SW functions coded by 
INAF. The contractor shall receive the assembly from INAF and it will be integrated in 

contractor is requested to connect the TCS system to 

Major Servo Drives (Contractor shall provide and install the Profibus cable)
Active Mirror Boxes (Contractor shall provide and install CAN BUS cable)

Contractor shall provide and install cables need to answer to

Power (Contractor shall provide and install cable to TCS power supply as 
2.1.2.1) 

Replicante Italiana 

08/03/13 Page 14 

 

Control System, which is basically 

Telescope Control Unit, in charge of the servo Major system (AZ/EL motor) 

Telescope Health Monitoring Unit, which is in charge of the safety PLC and of all 
nterfaces with the 

Active Mirror control Unit which is in charge of the movement and monitor of the 

Health Monitoring

220V

 

This hardware will be assembled by INAF and tested against SW functions coded by 
INAF. The contractor shall receive the assembly from INAF and it will be integrated in 

contractor is requested to connect the TCS system to the following 

Major Servo Drives (Contractor shall provide and install the Profibus cable) 
Active Mirror Boxes (Contractor shall provide and install CAN BUS cable) 

ables need to answer to Par. 

Power (Contractor shall provide and install cable to TCS power supply as 

 

 ASTRI 
             

  Code: ASTRI-SPEC-IASFMI

 

           All information contained in this document is property of 

  

 

HPC

Main Drive Power 
Distribution

Servo Major  
Drives 

C01

C02

Fig. 1 High level Power distribution indicative architecture

 

The contractor, during the design stage, can consider to revise the
architecture of power supply and describe a different and more efficient solution. The 
connection reported in figure are:

 

Type Description 

C01 Main power 

C02 Drive Power 

C03 HPC to LPC power 

C04 Power to TCS 

C05 Power to monitoring and 
communication  Systems

C06 Minor Servo 

C07 Telescope instrument

2.1.2 Power Supply Unit

In this paragraph the Power Supply Unit (UPS) in the LPC is described

 

ID1000.  Power distribution for electronic
sustain the peak power 

RATIONALE: Typical power consumption in operation is around 1000W when active 

ASTRI - Astrofisica con Specchi a  
             Tecnologia Replicante Italiana

IASFMI-3000-007  Issue 1 DATE 08/03/13

All information contained in this document is property of INAF.  All rights reserved.  

 

LPC

Power Supply Unit
PSU

Control Hardware 
(TCS)

Servo Minor 
Drives

Monitoring 
Systems

C03

C04 C06

C05

Telescope 
Instruments

C07

 

High level Power distribution indicative architecture 

during the design stage, can consider to revise the
architecture of power supply and describe a different and more efficient solution. The 
connection reported in figure are: 

Reference 

Main power external interface ref to 

Ref to ID0800 

 Ref to ID1000.  

Ref to ID1400 

Power to monitoring and 
communication  Systems 

Ref to ID1500, ID1600, ID1800, ID1900

Ref to  ID2000, ID2100 

Telescope instrument Ref to ID1700 

Power Supply Unit 

In this paragraph the Power Supply Unit (UPS) in the LPC is described 

Power distribution for electronics and servo minor systems shall be able to 
sustain the peak power of 1800 Watt. 

Typical power consumption in operation is around 1000W when active 

Replicante Italiana 

08/03/13 Page 7 

 

during the design stage, can consider to revise the indicative 
architecture of power supply and describe a different and more efficient solution. The 

Main power external interface ref to ID0100 

ID1900 

shall be able to 

Typical power consumption in operation is around 1000W when active 

Electrical equipment 
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South ~ 10 km2  

North ~ 1 km2  
 

Reasonably flat, but landscaping 
anyway expected 

 
No particular geological/hydrological  

conditions  

Communication 
Gbit/s netw. 

Civil infrastructures @ site(s) 

PI:	
  Thierry	
  Stolarczyk,	
  CEA	
  Irfu	
  

Thierry.stolarczyk@cea.fr	
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HOT	
  NUMBERS	
  
Roads	
  and	
  parking	
  

–  Main:	
  13.2	
  km	
  
–  Secondary:	
  17.2	
  km	
  
–  Parking:	
  4400	
  m2	
  

–  Central	
  area:	
  30000	
  m2	
  

Buildings:	
  3x	
  
Power:	
  4	
  MW	
  peak	
  
Data	
  Network	
  :	
  1	
  Gbit/s	
  

Secondary roads not shown 

Civil infrastructures @ site(s) 

SOUTHERN	
  SITE:	
  4x	
  LST	
  +	
  25x	
  MST	
  +	
  36	
  SCT	
  +	
  70x	
  SST	
  =	
  135	
  telescopes	
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HOT	
  NUMBERS	
  
Roads	
  and	
  parking	
  

–  Main:	
  3.0	
  km	
  
–  Secondary:	
  0.8	
  km	
  
–  Parking:	
  2000	
  m2	
  

–  Central	
  area:	
  30000	
  m2	
  

Buildings:	
  3x	
  
Power:	
  2	
  MW	
  peak	
  
Data	
  Network:	
  1	
  Gbit/s	
  

NORTHERN	
  SITE:	
  4x	
  LST	
  +	
  15x	
  MST	
  =	
  19	
  telescopes	
  

Civil infrastructures @ site(s) 
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OPERATION	
  BUILDING	
  
Personnel:	
  12-­‐15	
  persons	
  
Working	
  area:	
  832	
  m2	
  

Power:	
  consump,on	
  depends	
  on	
  
computers	
  (ROM	
  100	
  kW)	
  

Civil infrastructures @ site(s) 
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TECHNICAL	
  BUILDING	
  
Inside	
  working	
  area:	
  2000	
  m2	
  

Outside	
  working	
  area:	
  2800	
  m2	
  
Loca,on:	
  entrance	
  of	
  site	
  
Main	
  labs:	
  
-­‐  unloading	
  and	
  assembly	
  
-­‐  storage	
  
-­‐  workshops	
  
-­‐  clean	
  and	
  dark	
  rooms	
  
-­‐  coa,ng	
  chambers	
  

Ground floor First floor 

Civil infrastructures @ site(s) 
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RESIDENCE	
  BUILDING	
  
Living	
  area:	
  880	
  m2	
  

Max	
  occupancy:	
  ∼	
  30	
  pers.	
  
Loca,on:	
   far	
   enough	
   to	
   avoid	
   disturbance	
  
(light)	
  
Addi,onal	
  services:	
  
-­‐  recep,on/guard	
  apartment	
  
-­‐  medical	
  unit	
  

Civil infrastructures @ site(s) 
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+	
  Diesel/gas	
  generators	
  

Power	
  network	
  architecture	
  

4 M
W

 

Data	
  network	
  architecture	
  

Civil infrastructures @ site(s) 


