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Elettra is a multidisciplinary international research center of excellence, 
specialized in generating high quality synchrotron and free-electron laser 
light and applying it in materials and life sciences



1993: 2.0-2.4 GeV (310/160mA) 

Storage Ring

ELETTRA: Storage Ring Synchrotron

28 VUV-Xrays beamlines

• Spectroscopy

• Spectromicroscopy

• Diffraction

• Scattering and lithography

• Infrared microscopy and spectroscopy

• Ultraviolet inelastic scattering

Upgrade project: Elettra2.0

• 2-2.4 GeV 400mA storage ring

• Reduced emittance for increased 

brilliance and coherence

• Time schedule: 2025-2026



Two undulator lines: FEL-1 and FEL-2

Experimental hall with 6 end 

stations

1.5 GeV electron 

linear accelerator

Free Electron Laser source:

• “Seed” by a conventional laser

• high peak power (>GWs)

• short pulse length (<100 fs)

• full spatial and temporal coherence

• photon energy bandwidth < 10-3

• tunable wavelength (100-4 nm)

• variable polarization

FERMI: Free Electron Laser (FEL) - 2010



Sequencers
High-level automation based on "Behavior Trees".
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the constraints of client-side GUIs.

Physicists and operators often need to know the correct sequence of
actions, which are usually performed through a large number of
graphical panels where operations are "embedded" in client-side code,
thereby limiting the level of automation that a control system can
achieve.

As a result, it's very challenging to determine the optimal sequence of
actions required to perform a task, making the accelerator's
performance dependent on the abilities of the physicist/operator.
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Sequencer: a high-level automation 
framework based on "Behavior Trees".

• Inspired by the recently introduced "behavior trees" in the gaming industry.

• Internally developed by the controls group, they are TANGO device servers.

• Highly complex actions are created, composed of simple autonomous tasks 
decoupled within a tree structure, regardless of how they are implemented.

• Logic is shifted from GUIs to the server-side, where simple tasks can be easily 
organized, inspected, and stacked to build more intricate actions.

• They can be created and modified without the need for compilation or server 
deployment.
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Sequencer: a Tango device
In the Tango control system, devices are created to perform complex actions 
through operations on other devices or by executing Python or MATLAB code.
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Sequencers: the base syntax

Incremetal step

Jump to step

Control structure
«alternative»
(if then else)

Timeout
Success and error Readout
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Sequencers: the base syntax

Delay Command to Tango 
devices Error catch

Write/Read Tango attributes
(external ed internal)Definition of internal attributes

Substitution Wildcards
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Sequencers of Sequencers: Launchers

• These are special sequencers capable of sequentially executing other 
sequencers.

• They can be behaviorally configured through a project via a bit-mask.

• Operators can configure them to potentially exclude unnecessary 
steps based on the usage context.

• They are versatile and can be modified over time for implementing 
new hardware or making changes to machine usage procedures.
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Launcher example: 
Recover Storage Ring after Beam Dump

• Initially drafted based on paper-based procedures for operations to 
be carried out on Elettra following a Beam Dump.

• Performs the necessary actions and checks until the first injection into 
SR, which is still done manually for safety reasons.

• Enables a reduction in preparation times compared to manual 
execution using specific GUIs.

• Eliminates human errors of forgetting actions or checks.

• In many cases, it can be executed while concurrently addressing faults 
that led to the Beam Dump, thereby saving additional time.

• Continuously evolving and improving.
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Recover Storage Ring after Beam Dump:
the operations:
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Recover Storage Ring after Beam Dump:
the on-field show

Video of the sequence in action, captured on-site on May 14, 2021, 
following a Beam Dump in “Light for Users“ operations.

SPOILER: It won't be able to complete all the steps.

The Beam Dump had been caused by the shutdown of an entire vacuum 
rack that serves sections 2 and 3 (and partly 1), which had not yet been 
resolved.

Due to the active safety interlock, it won't be able to open the BSTs (Beam 
Stoppers) of the BTS (Booster to Storage ring transfer line)
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Grazie

ありがとう

Thanks
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