Peek on recent ML activities at
DESY

Raimund Kammering for the IPC team and ...
Shanghai, 15. Oct. 2021 - virtual conference
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No news from DESY on ML on ICALEPCS2019, but ...

much has happened since then

* Bundled DESYs internal forces

* Intelligent Process Control
* ongoing activities

 Reaching out - building collaborations

* Helmholtz Al
 HIRA3X
« CDCS etc.
« Arecent example = next talk by Antonin
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DESY accelerators & test benches
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Different machines - different challenges
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Plasma accelerators (lasers control/ HPC /in-situ FB)

315m

Challenges and degree of matureness very different, but
- Increased complexity of controls
- Higher demands on accelerator operations

- Push on the limits regarding performance & flexibility & availability
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Intelligent Process Control (virtual) group founded in 2020
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PC activities
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Intelligent Process Control Seminar

The IPC-seminar serves as information and exchange platform for scientific computing within the accelerator division.
Target audience are scientists, engineer’s, postdocs, master and bachelor students working on data analysis & data
mining, fault diagnosis & supervisory control or data-driven advance feedbacks using modern istics, machine learning
algorithm and artificial intelligence methods. The seminar should provide a low-threshold hub for presenting your results,
to address challenges, and for disseminating knowledge on controls, computing, data-acquisition and software-
structures relevant for your work. We also include tutorials on methods, advanced processing techniques, software
frameworks & languages to leverage our scientific computing efforts toward autonomous and higher performance
accelerators.

Meeting takes place in 30b/ Sem. 459
Virtual access via zoom:
https://desy.zoom.us/j/3215623178?pwd=0Hd6dVFHNU1QK0JDcndsK01tb305QT09
Meeting-ID: 321 562 3178
Kenncode: 426314

Launched seminar series

Contacts: A. Eichler, H. Schlarb, R. Kammering, I. Agapov

There is one event in the future. Show

November 2021

E 02Nov Jun Zhu, "tba"

September 2021

E  21sep Daniel Ratner, "Artificial Intelligence & Machine Learning for Accelerator Operation at
SLAC"

August 2021

E 24Aug Karl Jansen, Kerstin Borras, "Opportunities in Quantum Computing and Quantum
Technology at DESY"

June 2021

Bl 150un  Ahmad Al Zhoubi, Gianluca Martino, Jun Zhu, "Xilinx acap”

B o1Jun Andrei lvanov, "Physics-based neural networks for particle accelerators”
May 2021

E 18May Gorschwin Fey, "Artificial Neural Networks and Faults"

E  o04May Karin Rathsman, "The ESS Control System Machine Learning project with lessons
learned on how to ride a hype without losing control"

April 2021

B 20apr Elena Fol, "Supervised Learning based optics corrections in circular accelerators”
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Reaching out - Heimholtz Al
Subheading, optional H E L M H 0 LTZ

RESEARCH FOR GRAND CHALLENGES
* Already in 2019

« Autonomous Accelerator

HELMHOLT Z Al | R reans oLt IGENCE OURMODEL  OUR RESEARCH [ YOU + HELMHOLTZ Al J tatest N
i collaboration With KIT cuedalls vl a lriaill > vicaulnl
-are examining irradiated

tissue using high-resolution 3-D microscopy. Al supports the evaluation of the images and the analysis of
radiation damage.

Contact: Dr. Stefan Bartzsch, stefan.bartzsch@helmholtz-muenchen.de (HMGU)

= Autonomous Accelerator: Machine learning for autonomous accelerators (DESY + KIT)

Modern particle accelerators offer extraordinary beams for new discoveries in science. Increasing beam
- requirements make their operation more demanding, and a fully autonomous accelerator seems a long way off.
However, this project is taking its first steps towards implementation. It brings reinforcement learning to the

Karlsruher Institut fir Technologie linear accelerator operation at DESY and KIT.

Contact: Dr. Annika Eichler, annika.eichler@desy.de (DESY)
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on Reliability, Repetition, Results

at the Most Advanced X-Ray Sources

* Helmholtz International Laboratory

&  PARINERS - WORK PACKAGES

Partners

VIRTUAL PROJECT KICK OFF

I PARTNERS
8 September 2020

The “Stiftung Deutsches Elektronen-
Synchrotron”, DESY, is one of the world's
leading accelerator centres for the
investigation of the structure of matter with
approximately 2,300 employees and the
most advanced scientific, technical and
administrative infrastructures. DESY
develops, operates, and uses complex
accelerators, detectors and observatories
for photon science, particle and
astroparticle physics.

< DESY website
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European

XFEL

The European XFEL is the world's largest
X-ray laser. With its ultrashort X-ray flashes
—27 000 times per second—and a peak
brilliance a billion times higher than that of
the best synchrotron X-ray radiation
sources, the European XFEL will enable
researchers from all over the world the
investigation of still open scientific problems
in a variety of disciplines (physics, structural
biology, chemistry, planetary science, study
of matter under extreme conditions and
many others).

<» XFEL website

%) e | S8 ALY
% XFEL “Ph=iNo

The SLAC National Accelerator Laboratory
is one of 17 Department of Energy national
labs. SLAC pushes the frontiers of human
knowledge and drives discoveries that
benefit humankind. They invent the tools
that make those discoveries possible and
share them with scientists all over the
world.

< SLAC website
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Reac h i N g O ut - H I R3X Reinforcement Learning for Accelerator Optimisation

Studies on Feasibility and Best Practices Agent

state 8 reward ¢ action a;

» Train RL controller to autonomously optimise accelerator’s state.

« Can be extremum seeking of certain measures or setup of the accelerator such that specific values desired by the
operator are achieved.

» Gain experience on simple but also interesting example (ARES Experimental Area) in order to establish
best practices to routinely build RL agents for similarly phrased problems/tasks.

Prototyping PETRA IV autonomous stack and digital twin

c/o M. Boese

Implementing automation for storage PET RA “’.

Results i
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« Task 1.3: Machine learnir

+ Automated pulse shaping using autograd and machine learning

Burst flattening deployed at European XFEL

- Differentiable (classic) laser amplifier modelling. ML based electron gun planned
-> Optimize amplitude and phase for desired output

-> Current status: optimize for arbitrary pulse shapes

Courtesy H. Chapman, B. Dunham
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Reaching out - CDCS

Collaboration with universities via

One such project in the next talk by Antonin

S
TER FOR DATA AND COMPUTING
ATURAL SCIENCES

Thank you for your attention!

Computational Controls of Accele-
rators (CDL4)

ist eine neue gemeinsame Einrichtung der Universitit Hamburg, des Deutschen Elektro-
otrons DESY und der Technischen Universitat Hamburg. In der neu entstehenden Science

City Bahrenfeld verbindet es naturwissenschaftliche Forschung mit modernster Informationstechno-
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