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Outline 

 Introduction to the School 
 

 Overview of Elettra 
 

 What is a Control System? 
 

 Architectures and Technologies 
 

 Introduction to TANGO 
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TANGO School Lecturers 
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Giulio Gaio 

Lorenzo Pivetta 

Roberto Passuello 

Marco Lonza 

Claudio Scafuri 
Giacomo Strangolino 

Graziano Scalamera 
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School Programme 
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Monday 

09:00 
Presentation of Elettra and introduction to 
control systems Marco Lonza   

12:30 

14:00 
Basics of TANGO Claudio Scafuri   

17:30 

Tuesday 
09:00 

TANGO Device Servers Graziano Scalamera   
12:30 

14:00 
TANGO Clients and Events Claudio Scafuri   

17:30 

Wednesday 
09:00 

Alarms, Archiving and Tools Graziano Scalamera, 
Claudio Scafuri   

12:30 Graphical User Interfaces (GUI) Giacomo Strangolino 

14:00 Graphical User Interfaces (GUI) Giacomo Strangolino 
  

Visit of Elettra   
17:30   

Thursday 
09:00 TANGO installation and setup Roberto Passuello 

  
Hands on: Device Server development Giulio Gaio 12:30 

14:00 
Hands on: Device Server development Giulio Gaio   

17:30 

Friday 
09:00 

Hands on: Device Server development Giulio Gaio   
12:30 

14:00 
Final test Lorenzo Pivetta   

17:30 



you are here 
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Van Der Graaf accelerator (1929) 

New ideas for charge insulation systems 

Voltages obtained up to 25 MV 
Used to accelerate subatomic particles 



Introduction - Marco Lonza 
 

School on TANGO Control System - Trieste 4-8th July 2016 8 

The Linear Accelerator (LINAC) 

In 1917 Wideroe develops a first prototype with two sections 
accelerating electrons up to 50 KV at 50 Hz 

Sloan and Lawrence in 1931 built a LINAC with 20 sections accelerating 
Hg+ ions up to 1.26 MV 
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The Cyclotron 

1930 - 25$ 1946 - 1.5M $ - 200 MeV 

E.O. Lawrence in 1929 
  
Same accelerating voltage gap used many 
times by a particle beam bent by a magnetic 
field 

Oggi - 6M $   
Cancer therapy 
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The Synchrotron 

Principle of the Synchrotron invented by Vladimir Veksler in 
1944. Edwin McMillan built the first synchrotron of electrons 
in 1945.  

 Orbit of a particle beam inside a torus-shaped 
(donut) vacuum pipe with vacuum inside 
 

 Accelerating RF electromagnetic field and 
bending and focusing static magnetic field 

Cosmotron -1952 
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The Synchrotron as a collider 

Ada - Frascati - 1961: e - e collider, 200MeV, 5m circumference 

LHC - CERN Ginevra - 2007: p - p collider, 14TeV, 27km circumference 
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In 1947, the General Electric laboratories near 
New York built a 70 MeV synchrotron having 
some glass windows  
 
 
 
 
 
Only by chance a technician noticed some light 
coming out from a windows and discovered for 
the first time the synchrotron light 
 

The Synchrotron as a light source 



Introduction - Marco Lonza 
 

School on TANGO Control System - Trieste 4-8th July 2016 13 

Synchrotrons built in the '90s are primarily 
built for generating photon beams.   
They feature magnetic systems designed to 
stimulate the electromagnetic radiation. 
These systems force electrons to follow 
sinusoidal or spiral trajectories, thus 
producing collimated photon beams which 
can also be polarized 

The Synchrotron as a light source 
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Bending magnets and Undulators 
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Undulator 

Bending Magnet 
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2.5 GeV Booster Injector - 37 m diameter 
2.5GeV Storage Ring - 82 m diameter 

Elettra Storage Ring Synchrotron  

Elettra Synchrotron Light Source 
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Elettra Synchrotron Light Source 
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Elettra Synchrotron Light Source 

Video 
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The Electromagnetic Spectrum 
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Why“UV” and X-rays are so useful? 
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In order to "see" an object, the waveleght of the light used to observe it 
should be similar to the dimension of the object itself 

 In the visible light band the smaller 
objects we can see are bacteria 

 In order to analyze viruses, proteins, 
atoms or build micro devices we need  

... UVs and X-Rays 
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XPS 
 
 
 
 

UPS 
 
 
 

  ARPES 
 
 
 
 
 

  XPD 
 
 
 
 
 

   TR 

IR microscopy 
 
 
 
 
 
 

X ray microscopy 
 
 
 
 
 
 

  X ray tomography 
 
 
 
 
 

  Photoelectron Mic. 
 
 
 
 
 
 

Fluorescent Img. 

Elastic 
 
 
 
 
 
 

Inelastic 
 
 
 
 
 
 

Magnetic 
 
 
 
 
 

SAXS / WAXS 
 

X ray fluorescence 
 
 
 
 
 
 

Reflectometry 
 
 
 
 
 
 

Micro XRF 
 
 
 
 
 

Reflectivity 
 

NEXAFS 
 
 
 
 
 
 

EXAFS 
 
 
 
 
 
 

XMCD 
 
 
 
 
 

Infrared 
 
 
 
 
 
 

Time Resolved 

Cristalloghraphy 
 
 
 
 
 
 

Powder Diffraction 
 
 
 
 
 
 

Surface Diffraction 
 
 
 
 
 

Time Resolved 
 

How do we use the light? 
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28 

The Elettra beamlines 
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Synchrotrons in Europe 

SOLARIS 
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Synchrotrons in the world 
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Basic Research and ... 
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Tomography of a Violin 
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Mammography 

Better image quality, less 
radiation dose to the patients with 
respect to conventional X-Rays 
sources 
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Internal Structure of Polymeric Foams 
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“Slice” 3D reconstruction of the sample 
(3.2 x 3.0 x 1.4) mm 

 1 mm 
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Radiography of hi-tech sails 
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Micro-mechanics: Gecko Project with ESA 
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 “Gecko” project 
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Spettrometric Micro-analysis 
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Contaminating Metals on tea leaves 

Al Mg 

P Si 

C O 

Section of a leaf 

E=2.19 keV 
80 x 80 mm 

O 
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Elettra Users 
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undulator hall 
~100 m long 

experimental hall 
~60 m long 

FERMI Free Electron Laser 

linac  
~200 m long 

Total project cost:  140 M€ 
Financing Sources:  
Italian Minister of University and 

Research (MIUR) 
Friuli Venezia-Giulia region 
European Investment Bank (EIB) 
European Research Council (ERC) 
European Commission (EC) 
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FERMI Free Electron Laser 

Video 
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1.5 GeV LINAC 
18 normal conducting  
accelerating sections 

bunch compression 
<1 ps electron bunches 

photo-cathode GUN 
low emittance electron beam 
50 Hz repetition rate 

electron beam dump 

FEL photon beam 
high peak power (>GWs), short pulse length (<100 fs) 
full spatial and temporal coherence 
tunable wavelength (100-4 nm), variable polarization  

UV seed laser 

injector  
laser 

FERMI Free Electron Laser 
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FEL-1 
One Stage 

Bunching at 5λ with harmonic at λ  
Dispersive 

section 

Micro Bunching 

FEL-2 
Two Stages 

FERMI: First seeded FEL designed to produce fundamental output wavelength of 
4 nm with High Gain Harmonic Generation 

High-Gain Harmonic Generation 
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Spreader FEL1 

FEL2 
Main Beam 

Dump 

To the 
Beamlines 

Dispersive 
Section 

Radiator Undulator 

Dispersive 
Section 

Dispersive 
Section 

Delay 
Line 

Modulator Undulator 

100m 

Undulator Hall 

FEL1 

FEL2 I/O Mirrors & 
Gas Cells 

Slits 

Experimental Hall 

Spectrometer 

Switching Mirror 

60m 

Gun Laser-heater L0 L3 L2 BC1 BC2 L4 L1 Diagnostic 
Beam Dump 

100 MeV 300 MeV 800 MeV 1.5 GeV 200m 
Linac 

FERMI Layout 
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FERMI Beamlines 

2015 
Proposals submitted: 95 
proposals allocated: 36 

Users 
44% Germany 
25% Italy 
11% France 
8% Japan 
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Other FELs 

FEL for Users 
• Flash - Germany 
• LCLS - USA 
• FERMI - Italy 
• SACLA - Japan 

 

FEL under construction 
• X-FEL - Germany 
• PAL - Korea 
• SwissFEL - Switzerland 
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The particular characteristics of the FEL photon beam enable time resolved 
experiments to study ultrafast dynamics and transient phenomena of matter under 
extreme irradiation conditions 

e-  

Supersonic 
cluster of 

gas 
molecules 

FEL pulse 

Conventional 
laser 

CCD Image 
detector 

 Elastic and Inelastic Scattering 
  Transient Grating Spectroscopy (collective dynamics at 

the nano-scale) 
  Pump & Probe Spectroscopy (meta-stable states of 

matter) 
 Diffraction and Projection Imaging 
  Single-shot & Resonant Transverse Coherent 

Diffraction Imaging 
  Morphology and internal structure at the nm scale 
  Chemical and magnetic imaging 

 Low Density Matter 
  Structure of nano-clusters 
  Ionization dynamics 
  Magnetism in nano-particles 
  Catalysis in nano-materials 

Science Case 
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Science Highlights 
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Elettra Sincrotrone Trieste in numbers 

41 

 400 employees  

 28+ Beamlines ELETTRA and 6 FERMI  

 10 laboratories user support (biology, material preparation, micrometrics, ...)  

 5000 light hours/year of synchrotron radiation (Operation 24/7)  

 More than 1000 users per year, from all over the world 
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