
The Swiss Contributions to 
Cherenkov Telescope Array

teresa.Montaruli@unige.ch 24	Nov.	2020
1



Switzerland : a funding member of CTA GmbH
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- CTA listed as emerging project in the ESFRI roadmap of 2006.

- UZH, UNIGE, ETHZ joined the CTA Consortium (CTAC) in 2007. 

- Since 2009 the Swiss groups have been supported by SNF (Div. 2, 3  
Sinergia grants, 2 FLARE grants) for the preparation phase

- In 2012 a "Declaration of Interest (Dol) for the pre-construction 
phase" was signed by the funding agencies and ministries of 13 
countries (of which 8 are European).

- In 2014 UZH, DESY and INAF funded the CTAO gGmbH

- A Swiss Steering Board coordinates the Swiss involvement in CTA 
and this structure and will evolve in the future into CTAO-CH 
collaboration with its steering board.

- Prof. Straumann CTAO GmbH Director (2016-2018), signed CTA 
North agreement with IAC



CTA: a project of national and International relevance

- The request submitted in 2015 for the inclusion in the Swiss Roadmap 
of Research Infrastructures of the State Secretariat for Education, 
Research and Innovation (SERI) was succesful 

- CTAO is in the Swiss Roadmap of the Swiss Institute of Particle Physics 
(CHIPP) since 2015 and is mentioned in the past CHAPS roadmap, 
which is being updated. First recomendation of APPEC Roadmap. 

- CTAO promoted as landmark of ESFRI in 2018 (RIs that reached an 
advanced Implementation Phase and that represent major elements of 
competitiveness of the European Research Area (ERA) with ELT, SKA, 
and other physics RI (ELI, ESS, XFEL, FAIR, HL-LHC).

- The University of Zurich withdrew its representat transfered the 
representation of CTA to UNIGE and from Nov. 2019 UNIGE is the 
representative Institute of CTAO in Switzerland. Transfer of votes 
effective on Nov. 2020. 

- Nov 30 Proposal to SERI for continuation of work including EPFL and 
still UZH scientists

3https://www.appec.org/roadmap



CTA community in Switzerland

Institute Current	Active	FTEs Cumulative	FTEs	
since	CTA	start

ETH Zurich Prof. A. Biland (50%) + 1 postdoc (90%) 2

UNIGE- DPNC
Prof.  T. Montaruli (70%) + Dr D. Della Volpe (100% MER) 
+ Dr M. Heller (100% Coll. Sci) + 4 postdocs (100%) + 2 
PhDs

14

UNIGE ISDC Dr. R. Walter (90%) + N. Produit (Coll. Scient., 30%), Eng. 
E. Lyard (100%) + 4 postdocs (100%) 8

UNIZH Prof. S. Prasenjit  (20%)+ Prof. F. Cannelli (5%) + 1 
postdoc (100%) 9

Total 33

4
And	more	interested	in	HE	Astrophysics	



Some of our past activities:
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1.2.2 Mechanics 

The actuator features a custom made stepper motor coupled to a high precision spindle with 1 mm thread 
pitch. A nut running on the spindle translates rotational into linear movement and positions the stamp of the 
actuator into the selected position (Figure 1). The stamp runs inside a sliding film and a ball head is attached 
at the end to allow the mirror movement without introducing shear strain. The flange finally interfaces with 
WKH PLUURU WKURXJK IRXU M4 VFUHZV. TKH IOaQJH¶V GLaPHWHU should be form locking with the mirror flange to 
SUHYHQW VWUaLQ RQ WKH VFUHZV LQ FaVH RI aQ HaUWKTXaNH. TKH VHaOLQJ RI WKH aFWXaWRU¶V LQQHU SaUWV KaSSHQV aW 
three positions; the power connector is rated IP68 (only with correctly screwed and sealed counterpart plug 
or dust cover), the bellow seals around the ball head and allows length change of the actuator, the flange 
seals with an O-ring towards the mirror flange. 
The absolute positioning system is split into two subsystems both using Hall sensors. One system [4] detects 
the position of the stepper motor and resolves one full turn into 256 steps corresponding to an angular 
resolution of 1.4° or a position resolution of the stamp of 3.9 µm. The second system [12] detects the 
position along the moving stamp resolving millimeters. Combining both the information allows an absolute 
positioning of the actuator below 5 µm. 
 
Figure 1 shows a sectional drawing of the actuator with the most important parts labeled and described 
below. 
 

 
Figure 1: Sectional drawing of the actuator with all important parts visible. 
 
Table 1: Mechanics and electronics parts of the actuator as shown in Figure 1. 
1. Power connector 24VDC, IP68 (with connected plug) 
2. Plastic cover (can be remove to access electronics) 
3. Electronics boards with wireless module 
4. Angle transmitter for absolute positioning 
5. Stepper motor 
6. Spring clip 
7. Clutch 
8. Ball bearing 

9. Spindle 
10. Nut connected to stamp 
11. Stamp 
12. Hall sensors for absolute positioning 
13. Bellow for sealing 
14. Ball joint 
15. Flange 
 

 
The electronics is powered by 24 VDC and features the XBee module as well as a PIC and stepper motor 
driver. 
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Figure 4: Actuator set with all deliverables as mentioned in the text. 

 
1.5 Interfaces 

 
1.5.1 Electrical interface 

 
The actuator is powered via a three pin connector (Figure 5) from Lumberg (part number 0314 03 (actuator 
side) and 0322 03 (plug)). Note that the Lumberg connector and hence the actuator is only watertight when 
mounted properly with an intact O-ring inside the plug (replacement O-ring for the connector should have 
inner diameter of 17 mm and a thickness of 1 mm) and a watertight mount of the cable. The delivered power 
to each actuator should not be less than 24 W. 

 
Figure 5: Three pin connector on actuator side. Pin assignment: pin 1 =GND, pin 2 = NC, pin 3 = +24VDC. 
 
 

1.5.2 Mechanical interface 
 
There are two mechanical interfaces, the flange to the mirror and the gimbal axes to the mounting triangle of 
the dish. 
 

1.5.2.1 Interface to mirror 

CTA Actuator 

• FlashCam 
• UZH has designed and built the camera mechanics & cooling and the safety 

and power control system for FlashCam Prototype taking data on HESS II

• Participate in Quality Control of the Photo-detection modules (66 module 

tested by UZH (~25% of the total)

• Mirrors’ Actuators: UZH has design the actuator originally for LSTs and it 

was decided to use them also for MSTs 
• Pilot production of 60 actuators (D-Serie);

• Some redesign in fixations taken over by MPI Munich which will produce 

them for LST;

• the design and IP transferred to MST has also a ‘licence’ to produce them.
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The SST-1M project
• UNIGE driven project, inheriting from FACT (ETHZ) (see A. Biland’s) 
• PI: T. Montaruli, Project Manager: D. Della Volpe, Camera coordinator: M. Heller(UniGe/DPNC)
• Software coordinator: R. Walter (UniGe/ASTRO)
• With Polish and Czech Consortia involved countries with 52 people (and about 27 FTE)

• advancing technology for production of 70 telescopes
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The SST-1M timeline

Structure deployed in Krakow  
November 2013

Official Structure inauguration  
February 2014

CDR Review

Prototype fully operational
August 2017

Start of Harmonisation
March 2018

Start of Review 
Process
October 2018 F2F review meeting

March 2019

First Hillas’ analysis of observations of Crab

1h20m About 4σ excess observed close 
to optical center of the camera

Thr: 117 p.e. / 21 pixels 
(baseline subtracted). 
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Polish Consortium of the CTA Project – 13 institutions, about 80 
members (leader – Jagiellonian University in Kraków)

The main instrumental contributions:
• composite mirrors for MSTs developed at IFJ PAN
• Single-mirror SST – Polish-Swiss-Czech collaboration (leader – IFJ 
PAN)

Poland in CTA

Glass-aluminum composite mirror for 
MST.
Size: 1.2 m (ftf), Focal length 16.14 m,
PSF < 20 mm

SST-1M; inauguration in June 2014 at the test site 
in IFJ PAN, Kraków.
Dish size: 4 m, Focal length 5.6 m, 18 spherical 
mirrors
Field of view 9,1o

Silicon photomultipliers based camera with fully digital 
readout electronics (DigiCam); 1296 pixels

First design 
 2012

First gamma Event 
August 2017 (one week later)

4𝜎 Crab observation 
October  2017

Year of consolidation 
of documentation

Year of standardisation 
of documentation

Camera ready at UniGE
For validation

150 m

2021
Two SST-1M will be installed 
at the Ondrejov observatory, 
40 km from Prague, by end of 
2021. To be operated in stereo 
with 150 m distance. 
We will observe Crab and 
monitor blazars.
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The developed know-how has been widely recognised towards 
current LST commitments



The Swiss representation in the CTA Observatory (CTAO) 
organisation

• Two steps are critical at this time: 

• Establishment of CTAO ERIC:  application process requires a phase 2 submission. If succesful, inauguration foreseen in 

Aug. 2021.

• Definition of the best configuration to fit ~280MEuro available from shareholders, maximizing possible science output. A 

critical role are discussions driven in the newly formed Transition WG (including X. Reymond as representative of Council)
8

Current representation:


• Council: CTAO steering board (Chair:  G. Chardin). CH members: X. 
Reymond, TM


• Board of Governmental Representatives (BGR): A. Biland, X. Reymond, 
TM, relevant CTAO ERIC documents, Chair: A. Covello.


• STAC: advising board to Council (renewal ongoing, JP Kneib proposed by 
CH)


• Administrative and Finance Committee (AFC): L. Ognois. Administrative 
and legal matters of financial management.See	Prof.	Ferrini’s	talk



Large Size Telescope at La Palma 

M. Teshima’s talk

Photo	credit:	D.	Kerszberg 9



UNIGE	ASTRO	
• Telescope	Control	Unit	
• Engineering	GUI

UNIGE DPNC 
• Data analysis pipeline

• Data/Monte Carlo validation

Swiss scientist’s role in LST UNIGE DPNC: 
• System engineering 

with main focus on CDR 
follow-up


UNIGE DPNC/EPFL/
ETHZ 
• Project coordination

• R&D activities on sensor, 

front-end electronics and 
digital readout

L1 trigger rate data/MC comparison

LST Observation scheduler



The Swiss scientist’s role in LST: System Engineering

• CDR passed and follow-up actions to end of 2021 before 
Acceptance to the site
• Reliability, Availability and Maintainability 
• Requirement and Verification
• CE certification
• Interfaces to CTAO
• Introduced Documentation version controlled system 

(EDMS) to be adopted also by CTAO

• LST-1 completion of commissioning

• LST2-4 Construction
• Tendering process follow-up
• Managing the IKC from all collaborators

• Introduced regular meetings with CTAO, appreocated even in 
the November Council as example of CTAO-project cooperation

11



The Swiss scientist’s role in LST: TCU
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• TCU is based on ACS and implements ACADA control Application 
Programming Interface (API)

• Existing components:
• Telescope Manager
• Structure and Camera independent state machines
• Web-based engineering GUI (eGUI)
• Automatic operation executor (Scheduler)
• Loggers

Structure

eGUI

ACADA

Drive LoggerAMC AUX Safety Broker CaCo Camera  
Subsystems

TCU

ACS Bridges

ACS

Operator

Drive CaCoSafety BrokerAMC AUX

OPC UA

Camera

Auto. operator

GCN Alerts

WS

WS

Logger

Telescope 
Manager

Drive

Telescope	movement		
schedule	for	a	complete	night



The Swiss scientist’s role in LST: Data Analysis
• Data Analysis Pipeline:
• Likelihood image fit exploiting calibration 

and timing information at their best
• Data Level 2 framework
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Sensitivity obtain with LHFit analysis  
(optimised θ2 cuts)

Data/MC comparison  
for L1 trigger rate scan

Camera center displacement extracted 
using star tracking vs. time

• Data/Monte Carlo validation:
• L1 trigger scan

• Pointing activities:
• Using star tracking

See	C.	Alispach’s	and	E.	Lyard’s	posters See	L.	Foffano	&	A.	Carosi’s	poster See	M.	Dalchenko’s	poster



The Swiss scientist’s role in LST: R&D
LST PMT camera LST SiPM camera

1.3 TeV proton

1855 pixels 
(0.1°)

7420 pixels 
(0.05°)

14
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LST Advance Camera

WP1
Management

WP2 
Simulation & System 
Specifications

WP3
Photosensor Plan

WP4
Readout

WP5
Mechanics & 
Cooling

Unige/DPNC Unige/DPNC Unige/DPNC	
ETHZ

Unige/DPNC	
EPFL

Unige/DPNC

More	in	E.	Charbon’s	talk

• Develop the next generation of 
camera for IACT using SiPMs to 
outperform PMT-cameras

• The challenge is to do it for the 
LST:
• large number of pixels
• high night sky background
• Low power consumption
• High data throughput
• Reasonable cost

• R&D plan:
• Front-end ASIC
• FADC ASIC
• Innovative trigger approach

FLARE	proposal	submitted



Future of ACADA and DPPS activities in Switzerland
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Unige-ASTRO	
(coordination)	
ETHZ

Unige-DPNC

Item FTEs 
(2021-2028) Institutes

1 ACADA ADH 15.2 UNIGE-Astro, ETHZ
2 DPPS Data Quality 18 UNIGE-DPNC
3 DPPS Archive 6 UNIGE-ASTRO, ETHZ

4 DPPS Machine 
Learning 6 UNIGE-ASTRO

5 SUSS Event broker 6 UNIGE-ASTRO
Total 51.2

• ACADA -  Array Control And Data Acquisition WP 
develops the software to operate CTA


• UNIGE coordinates the Array Data Handler 
(ADH), which handles the raw data from the 
telescopes.


• DPPS  (Data Processing and Preservation 
System) stores, process and distributes CTA 
Science data 

• LoIs submitted by Institutes and approved by CTAO, 
then followed by an MoU with financial commitments

Unige-ASTRO



KSP OF CURRENT CH INTEREST
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Active 
Galactic 
Nuclei

Galactic 
Centre

Galactic 
Plane

Transients

Galaxy 
Clusters

Star 
Forming 
Systems

Cosmic 
Ray 

PeVatrons

• Understanding of the origin of the cosmic rays  
in a multi-messenger context 

• Probing extreme environments, such as neutron stars, 
black holes and gamma-ray bursts, the physics of the jets 
and how particles are accelerated by them; 

• The Galactic plane Survey;
• Exploring frontiers in physics, such as the nature of Dark 

Matter in the Galactic Centre, axions and their interplay with 
magnetic fields and photons, the extragalactic background 
light and how it informs on galaxy formation, and quantum 
gravitational effects in photon propagation.	

• See afternoon sessions for the preparation of which we 
had  
A big thanks to all who participated!!

https://arxiv.org/abs/1709.07997	


