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&Y -  outine TANGAL

nnnnn ting things togethe

v" Introduction to the School

v Overview of Elettra

v What is a Control System?

v Architectures and Technologies

v" Introduction to TANGO
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nnnnn ting things togethe

&Y - TANGO School Lecturers TANGQ

Giulio Gaio Roberto Passuello

| Lorenzo Pivetta
- Marco Lonza

Claudio Scafuri
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Elettra

Monday

Tuesday

Wednesday

Thursday

Friday

e School Programme

09:00]

control systems

Presentation of Elettra and introduction to

Marco Lonza

12:30
14:00

Basics of TANGO Claudio Scafuri
17:30
09:00

ITANGO Device Servers Graziano Scalamera
12:30
14:00

ITANGO Clients and Events Claudio Scafuri
17:30
09:00 Graziano Scalamera,

Alarms, Archiving and Tools

Claudio Scafuri

12:30|Graphical User Interfaces (GUI) Giacomo Strangolino
14:00|Graphical User Interfaces (GUI) Giacomo Strangolino
17:30V|5|t of Elettra
09:00[TANGO installation and setup Roberto Passuello
12:30 Hands on: Device Server development Giulio Gaio
14:00,

Hands on: Device Server development Giulio Gaio
17:30
09:00|

Hands on: Device Server development Giulio Gaio
12:30
14:00

Final test Lorenzo Pivetta
17:30,
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Connecting things together
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Sincrotrone
Trieste

Voltages obtained up to 25 MV
Used to accelerate subatomic particles
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Elotr Van Der Graaf accelerator (1929)

TANGA.

Connecting things together

New ideas for charge insulation systems
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q sae| | NE Linear Accelerator (LINAC) TANG&

Trieste

eeeee ting things togethe

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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q Sincrotrone The Cyclotron TANGQ

Trieste
nnnnn ting things togethe

Extraction region Beam

E.O. Lawrence in 1929 Oscillator

Same accelerating voltage gap used many
times by a particle beam bent by a magnetic

field

Gap
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Trieste

q siaee  1The Synchrotron TANGE

Connecting things together

G Accelerating cavity

Farticle injection

Y

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

Emerging beam

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

v Accelerating RF electromagnetic field and
bending and focusing static magnetic field
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&) - The Synchrotron as a collider  TANG£:

Connecting things together

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

1961 : ADA (Anello Di Accummilazione)

—

LHC - CERN Ginevra - 2007: p - p collider, 14TeV, 27km circumference
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q i The Synchrotron as a light source TANGQ

Trieste
nnnnn ting things togethe

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
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q e The Synchrotron as a light source TANGE,

Trieste
Connecting things together

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
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Connecting things together

q - Bending magnets and Undulators TANGL

Undulator

INSERTION DEVICE
(Wiggler or Undulator)
Permanent Magnetic Material
Nd-Fe-B

[y

Gap@1-3cm
Electrons ”
T Synchrotron

Radiation
X-ray beam

\h_.lmd Bending Magnet

Magnet Fynchrotron

Light

14
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Elettra . ;L
“" Elettra Synchrotron Light Source  JANGE.
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q w. " Elettra Synchrotron Light Source TANGQ

INJECTION BOOSTER
SYSTEM RING

L/

e/

STORAGE
RING
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we | Elettra Synchrotron Light Source TANGQ

Video
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Elettra

Trieste

Sincrotrone

The Electromagnetic Spectrum

TANGSY.

Connecting things together

THE ELECTROMAGNETIC SPECTRUM

WAVELENGTH

<

(in meters)

COMMON
NAME

ACCELERATOR-
BASED LIGHT
SOURCES

COMMON
SOURCES

FREQUENCY
(waves per
second)

ENERGY OF
ONE PHOTON

{electron volts)
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q seoee \Why“UV” and X-rays are so useful? TANGQ

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

SUEEUUE OF RADIATION  OBJECTS v"In the visible light band the smaller

0 - -~ objects we can see are bacteria
R v" In order to analyze viruses, proteins,
- e S atoms or build micro devices we need
- MICRO -
e e ..._.UVs and X-Rays
Lot 'Reo 105 '
wirus O
I 0 wower 107 ROTEN Jf
SOFT ECUL
a on - 10 09 LA
F'Isnd-.::-:ﬂe: .1 lﬂ-i:? ‘ laTom @
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@ -1 10775
Particle 3 i
Accelerators
T A
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- How do we use the light? TANGL,

Trieste
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The Elettra beamlines TANGLL,

Connecting things together

1.1L TwinMic MCX 71
1.2L Manospectroscopy ALOISA 7.2
1.2L ManoESCA BEAR 8.1L
12R FEL LILIT 8.1R
2.2L ESCA Microscopy BACH B.2
22R SuperESCA SI551 a1
3.2L Spectro Microscopy APE 8.2
3.2R VUV Photoemission X-Ray Fluorescence 1010
4.2 CiPo DXRL 10.1R
5.2L SAXS IS 10.2L
52R  XRD1 BaDEIPh 10.2R
6.1L Materials Science ¥AFE NM.AR
6.1R SYRMEP xRD2 11.2C
6.2R GasPhase Xpress M.2R
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we " Synchrotrons in Europe TANG&
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we " Synchrotrons in the world TANG’Q
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q These Basic Research and ... TANG&

Bottom-up approach for the low-cost
synthesis of graphene-alumina
nanosheet interfaces using bimetallic alloys

The common methods for the production of graphene-oxide

interfaces come with a series of issues: they are complex, i - -
costly and easily introduce defects and contaminants, with e \ % "
detrimental effects on the carrier mobility. Here we show that the \ o ¢
epitaxial growth of graphene on a Ni,Al alloy, and its subsequent ‘ .

n;h:mm
o'y

exposure to oxygen result in the selective oxidation of the Al
atoms at the interface and to the formation of a 1.5 nm thick

alumina nanosheet underneath graphene. This new strategy o _
opens a promising route to the direct synthesis on a number of A= — 4
graphene/high-k dielectrics interfaces. Al dunel

Frotoomesson intensdy (A unds)

287 e W K BN
Binding Erevgy (aV) Binching Enresgy (aV)
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Connecting things together

= Tomography of a Violin TANGR

LETELINTIET] IMAGING TECHNOLOGY

IMAGING TECHNOLOGY
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LEARNING
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q s Mammography TANGQ

Better image quality, less
radiation dose to the patients with
respect to conventional X-Rays
sources
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e | Internal Structure of Polymeric Foams TANGA,

Connecting things together

3D reconstruction of the sample
(3.2x3.0x1.4) mm

27
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Ellettratrone ] ] ] ;L
w="| Radiography of hi-tech sails TANGL,

3 mm
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ue| Micro-mechanics: Gecko Project with ESA TANGL,

Connecting things together

esa space for europe

European Space Agency”

“Gecko” project
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Spettrometric Micro-analysis

Contaminating Metals on tea leaves

Section of a leaf

P

£

subsidiary aparture
cell

E=2.19 keV
80 x 80 mm
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Elettra
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Trieste

Elettra Users

Users at Elettra

Il semester 2014 - | semester 2015
Proposals submitted: 832
Proposals allocated: 508
Elettra proposals allocated by Research Area

Environmental
and Earth Science 4%
Condensed matter - Electronic
and Magnetic Structure 23%

Polymers
and Soft Matter 5%

Protein and Macromolecular
Crystallography 9%

ace Atoms Molecules
and Plasmas 5%

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

Elettra allocated Users

TANGA.

Connecting things together

EU funded users 149 ARGENTINA
Italian funded users 165 AUSTRALIA 2
General users (not funded) 1078 BELARUS
Total Users 1392 BRAZIL 10

CANADA 1
AUSTRIA 54

CHINA 14
BELGIUM 1

EGYPT 5)
CROATIA 28

INDIA b5
CZECH REPUBLIC 26

INDONESIA
DENMARK 12

IRAN, ISLAMIC REPUBLIC OF
FRANCE 125

ISRAEL
GERMANY 192

JAPAN 11
GREECE 18

JORDAN
HUNGARY 3

KOREA, REFPUBLIC OF
IRELAND 2

MEXICO
ITALY 458

PAKISTAN 11
LATVIA 4

QATAR 2
NETHERLANDS 2

RUSSIAN FEDERATION 14
POLAND 10

SOUTH AFRICA 6
ROMANIA 6

SRI LANKA
SLOVENIA 80

SWITZERLAND 13
SPAIN 41

THAILAND
SWEDEN 40

UKRAINE 4
UNITED KINGDOM 75

UNITED STATES 38
European Union 1187

Others 205

Total Users 1392
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Trieste

q - | FERMI Free Electron Laser TANGSY.

Connecting things together

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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q = FERMI Free Electron Laser TANGQ

Trieste
nnnnn ting things togethe

Video
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Trieste
Connecting things together

q e FERMI Free Electron Laser TANGE

Wavelength(nm)
1000 100 10 1 0.1

1033 gl‘ﬂl\ TT T |H\Ill T T |III|I T T ‘IIIH\ T T |\IJHII T E 1033
10%2 ;r é 10%
? 10 ;_ / _% 10%
£ 10°F FERMI@Elettra 410°
S 10k 1107 FEL photon beam
. 28 | 1. 28 . p
o 10F 310 high peak power (>GWSs), short pulse length (<100 fs)
T 27 [ 7 27 .
E0F ERN full spatial and temporal coherence
> 107 410" . .
£ s E T tunable wavelength (100-4 nm), variable polarization
> - -+ ELETTRA Storage Ring FEL 1 ..
h 10 3 E 10
§ 102 %_ _% 102
£ 107f 410% P
; 1™ éf ELETTRA U5.6 E=2 GeV é 10%' -4
g 1ob m =400 mA] 3 = electron beam dump
= 10 g R 110" UV seed laser -
3 - FEU -7 Short U5.6 N N A PR -
5 10 U TR N 10
& 107E 7 Shorewisg 0\ |\ 10’GeV LINAC
1000 e Thagret \\ ' 19"yrmal conducting
10151— |m Lol Lol |\|-||\1-|\:

PR *1°"erating sections
1 1 10 1

Photon Energy (eV)

] 1

10 10

injecto

laser bunch compression

<1 ps electron bunches

phbto-cathode GUN

low emittance electron beam
50 Hz repetition rate
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Trieste

q ... High-Gain Harmonic Generation TANG£.

Connecting things together

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

Bunching at 5A with harmonic at A

Dispersive
FEL-1 seed laser section _ HGHG
One Stage 5) modulator radiator

electron beam planar APPLE Il

250 nm -2 50 nm e-beam
IOQ(W/
Micro Bunching
electron beam | 2920 nm 2 50 nm 2 10 nm
FEL-2 =={> <250 nm - 50 nm e= ~50nm ~10 nm -

Two Stages

synchoromz
seedmg pulse
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Trieste ] i
Connecting things together

&) - FERMI Layout TANGAY

Linac
200m 100 MeV 300 MeV 800 MeV 1.5 GeV

Gun LQ Laser-heater L1 BC1 L2 L3 BC2 L4 Diagnostic

Beam Dump

Undulator Hall

Dispersive
100m Spreader isper: FEL1 \

> To the
Beamlines

Dispersive Dispersive

Section Line Section Mai
ain Beam
Q\% [N Modulator Undulator Dump \

MM Radiator Undulator

50 Experimental Hall
m
B N‘«::I?
FEL1 _ Slits | Spectrometer
e - S
FEL2 | : /O Mirrors & Switching Mirror
I \5’/

Gas Cells
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q e FERMI Beamlines TANG&

EIS-TIMER

ElS- TIMEX
DiProl
LDM

TeraFERMI MagneDYN

Users
2015 44% Germany
25% Italy
11% France
8% Japan

Proposals submitted: 95
proposals allocated: 36
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Elettre
= Other FELs TANGA

FEL for Users

e Flash - Germany
« LCLS - USA

« FERMI - Italy

« SACLA - Japan

FEL under construction
« X-FEL - Germany

 PAL - Korea

 SwissFEL - Switzerland
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&) -  Science Case TANGQ:,

Trieste
Connecting things together

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

Elastic and Inelastic Scattering

v Transient Grating Spectroscopy (collective dynamics at
the nano-scale)

v Pump & Probe Spectroscopy (meta-stable states of

matter) " CCD Image
. - - . - . detector
Diffraction and Projection Imaging e
v Single-shot & Resonant Transverse Coherent
Diffraction Imaging
v Morphology and internal structure at the nm scale S;Eg{gfg}c
v Chemical and magnetic imaging gas

molecules* -

Low Density Matter _&Tonventional

v nano-clusters - laser

v (_lonization dynamics EL pulse
v Magnetism in nano-particles
v v

Catalysis in nano-materials
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o= Science Highlights TANGLL,

Connecting things together

nature .
photonics

Home | Current issue | Comment | Research | Archive ¥ | Authors & referees ¥ | About the journal *

home » current issue » letter » abstract

nature ; : ! ' ARTICLE PREVIEW

photonics ' s

NATURE PHOTONICS | LETTER <

i

Home | Current issue | Comment | Research | Archive ¥ | Authors & referees ¥ | About the journal ¥

home » archive » issue » article » abstract

Coherent control with a short-wavelength free-
ARTICLE PREVIEW electron laser

view full access options »

K. C. Prince, E. Allaria, C. Callegari, R. Cucini, G. De Ninno, S. Di Mitri, B. Diviacco, E.
NATURE PHOTONICS | ARTICLE ‘< Q Ferrari, P. Finettl, D. Gauthler, L. Glannessli, N. Mahne, G. Penco, O. Plekan, L. Raimondi, P.
Rebernik, E. Roussel, C. Svetina, M. Trové, M. Zangrando, M. Negro, P. Carpeggiani, M.

BREESH
Reduzzi, G. Sansong, A. N. Grum-Grzhimailo + etal.
ng hly coherent and Stable pU|SeS from the FERMl Affiliations | Contributions | Corresponding authors
Seeded free_e|ectron |aser in the extreme Nature Photonics 10, 176179 (2016) | doi10.1038/nphoton.2016.13
. Received 22 September 2015 | Accepted 18 January 2016 | Published online 22 February 2016
ultraviolet
\!. Citation r. Reprints LY Rights & permissions Article metrics
E. Allaria, R. Appio, L. Badano, W.A. Barletta, S. Bassanese, S.G. Biedron, A. Borga, E. nature

Busetto, D. Castronovo, P. Cinquegrana, S. Cleva, D. Cocco, M. Cornacchia, P. Craievich, |
Cudin, G. D'Auria, M. Dal Forno, M.B. Danailov, R. De Monte, G. De Ninno, P. Delgiuste, A.
Demidovich, 8. Di Mitri, B. Diviacco, A. Fabris, R. Fabris, W. Fawley, M. Ferianis, E. Ferrari,
Ferry, L. Froehlich, P. Furlan, G. Gaio, F. Gelmetti, L. Giannessi, M. Giannini, R. Gobessi, R

h - Extreme ultraviolet and X-ray free-electron lasers (FELs) produce short-wavelength pulses with
p OtomCS high intensity, ultrashort duration, well-defined polarization and transverse coherence, and have
been utilized for many experiments previously possible only at long wavelengths: multiphoton
ionization‘, pumping an atomic laser? and four-wave mixing speﬂmsoopya. However one

Home | Current issue | Comment | Research | Archive v | Authors &

important optical technique, coherent control, has not yet been demonstrated, because self-

Ivanov, E. Karantzoulis, M. Lonza, A. Lutman, B. Mahieu, M. Milloch, S.V. Milton, M. Musare home - archive - issue » article » abstract ) " o o PP,
amplified spontaneous emission FELs have limited longitudinal coherence™ = ®- . Single-colour
Nikolov, 5. Noe, F. Parmigiani, G. Penco, M. Petronio, L. Pivetta, M. Predonzani, F. Rossi, L - ARTICLE PREVIEW ~  pulses from the FERMI seeded FEL are longitudinally coherent® 2, and two-colour emission is
Rumiz, A. Salom, C. Scafuri, C. Serpico, P. Sigalotti, S. Spampinati, C. Spezzani, M. Svandr view full access options » predicted to be coherent. Here, we demonstrate the phase correlation of two colours, and
C. Svetina, §. Tazzari, M. Trovo, R. Umer, A. Vascotto, M. Veronese, R. Visintini, M. Zaccari manipulate it to control an experiment. Light of wavelengths 63.0 and 31.5 nm ionized neon, and
Zangrando & M. Zangrande - Show fewer authors NATURE PHOTONICS | ARTICLE we controlled the asymmetry of the photoelectron angular distribution'® " by adjusting the phase,
with a temporal resolution of 3 as. This opens the door to new short-wavelength coherent control
Affiliations | Contributions | Corresponding author BAREES experiments with ultrahigh time resolution and chemical sensitivity.
Nature Photonics 6, 699-704 (2012) | dol:10.1038/nphoton.2012.233 TWO'Stage Seeded SOﬂ-X-I'ay free_electron Iaser
Received 04 April 2012 | Accepted 16 August 2012 | Published online 23 September 2012
| — _~ E. Allaria, D. Castronovo, P. Cinquegrana, P. Craievich, M. Dal Forno, M. B. Danailov, G.

D'Auria, A. Demidovich, G. De Ninno, S. Di Mitri, B. Diviacco, W. M. Fawley, M. Ferianis, E.
Ferrari, L. Froehlich, G. Gaio, D. Gauthier, L. Giannessi, R. lvanov, B. Mahieu, N. Mahne, I.
Nikolov, F. Parmigiani, G. Penco, L. Raimondi, C. Scafuri, C. Serpico, P. Sigalotti, S.
Spampinati, C. Spezzani, M. Svandrlik, C. Svetina, M. Trovo, M. Veronese, D. Zangrando & M.
Zangrando - Show fewer authors

Affiliations | Contributions | Corresponding authors

Nature Photonics 7, 913-918 (2013) | doi:10.1038/nphoton.2013.277
Received 11 June 2013 | Accepted 12 September 2013 | Published online 20 October 2013

L — e —
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mee | Elettra Sincrotrone Trieste in numbers TANGQ

Connecting things togethe

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)

v
v
v
v
v

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

41
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