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A world-leading accelerator lab
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A unique combination of analytical tools
Brilliant X-rays
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Overview of our priorities and strategy

(1) delivering highest quality beams to
users with today‘s machines

(2) upgrading our machines for
tomorrow to offer performance
increase — FLASH, PETRA lll, XFEL

(3) carrying out foundational R&D for
building the next generation of
machines

(1) Plasma and SRF

(2) Ultra-fast Electron Diffraction

(3) Autonomous accelerator/machine learning
(4) Medical applications
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Key investments: I Key challenges:
PETRA IV Technical Design PETRA IV
Report (TDR)
highly skilled technical
FLASH2020+ Machine staff and diversity
Upgrade [>

\

KALDERA: world leading laser

J/ 3
for laser plasma accelerators :

fn

CAST and Technicum
building, space for PETRA IV

Potential PITZ upgrade for
radiation biology



PETRA IV. X-ray microscope for chemical, biological and physical processes
Scientific excellence in X-ray Analytics to address global challenges PETRAIV

Unprecedented beam parameters

Significant contributions to major
social challenges and to almost
all UN sustainability goals

Project partners:
For a broad national and

international user community of ' 222 Helmholtz-Zentrum
. agn 888
universities, research centres s:4: Geesthacht
and indu stry Zentrum fiir Material- und Kiistenforschung
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FLASH2020+ Project is progressing on all fronts

First long shut down defined

—

New acceleration modules: Kai Siegbap,,

)
2) Finalization of the Laser Heater and Photocathode Laser parameters; FEL Experiments
3) Laser Heater beamline defined and under final revision; FLOCBCZ
4) Evaluation for BC2 options. D1 Q1 Q2 D2 OTR2D3 Q3 Q4 D4

ssssss

« Definition of general Seed Laser parameters

FLOUBC2 FLODBC2

» Definition of main requirements for new Pump and Probe Lasers
BLM1 BPM2 BLM3  BPM3 BLM4
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PETRAIV. & FLASH2020

01‘2025: Start construction work

TDR: 01'2023: Kickoff _
+ partly funded Targeted submission of - PETRA IV End PETRA Il operation
> + proposal to roadmap pf»posal project 2;’2027: Start up
: PETRA IV
— stimulus funds
LEAPS, \/ PETRA IV PETRA IV
< HGF-FIS project phase operation
PETRA IV.
m PETRA IV 122022: TDR
h TDR Phase
m PETRA IV 12°2019: CDR\/ ——— hd
m CDR Phase
2016 | 2017 | 2018 | 2019 | 2020 | 2021 2022 2023
(DI CDR TDR
-- FLASH
FL1({Seed
< \ 20204
I I Upgrade Linac Upgrade FLASH1 Und. || Seeding 100 kHz
fu n d e d Aot Ca e eeciion L
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Making DESY a model lab for resilience and sustainability

Knowledge
and
Innovation
for society

Employer of
choice:
socially and
environmentally
responsible




From providing safe work environments and expanded mobile
work to remote user services and controls

Will require investment, coordination with different DESY divisions, and innovation

» Safe work environment and ensure cyber security

= Mobile work modalities and paperless processes . F -2

PPE Video meetings

: , 1 = |ncrease remote operations capabilities and virtual control
= . 1k rooms

i T— = Assess systems where remote monitoring and control can be
Remote control of technical infrastructure Im prove d

= Establish user modes that minimize on-site presence
» |ncrease sample mail-in capacity/capability
= Autonomous accelerators integrated with artificial intelligence

= Deploy robotic technology and we need to maximize their utility
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Enabling a new mode of operation and autonomous
accelerator operation through machine learning

» Autonomous accelerators
» Enable new user modes of operation:

» Experiment drives the machine
» Find new optimized operations by relying on sophisticated search algorithms

> Intelligent process control:

» Algorithm and hardware/firmware/software development
» Fault diagnosis and response methods

» Reduce night shift crew and its impact on personnel health

= How:
» Strengthen know-how and expand capabilities at DESY:
» Build a dedicated team

» ML already deployed in PETRA IV design, XFEL, laser plasma
accelerators

» Build partnerships
» Create an integrated plan and capitalize on new funding opportunities
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digitalDESY is an umbrella initiative that spans all of DESY

The work packages cover a decade of new developments — all of them already underway

STANDARDS

Robotics
immersive
remote
user/operator
experience

Autonomous
accelerators
data
handling
AlI/HPC

High performance
computing

Robotics & human-
machine interface

Al &
technology
for society

Rapid data processing
for machine &
experiment
Modelling of physical
systems

New modalities
for users &
machine operation

Machine learning &
artificial intelligence

Autonomous accelerators
Data analysis
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Technology development through partnerships

Leverage strengths of Helmholtz, Fraunhofer, Max Planck, Leibniz and all universities and industry to provide
tailored solutions

Robotics & human-
machine interface

 formachine® '\ goroocie New modalities

~experiment |\ /" ) " forusers &
L #>~__machine operation
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We pursue new funding opportunities and partnerships

Autonomous accelerator operation: Leverage strengths of Helmholtz, partner universities and industry

to provide tailored solutions

» Data acquisition and analysis pipeline

» Fault diagnosis and prevention

~ Intelligent control algorithms for accelerator operation
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A3 Ad A5 BC2

Institutes, e.g.:
» Helmholtz institutes: various projects (ARD, DMA)
» SLAC: HIR3X

» CERN: simulation interface for ML _
» ESS: Alarms, data sharing, fault diagnosis and protection ess

Universities  [GI —ww  TUTI
"._tli TUHH — HAMBURG ;\ﬁ}i%%%j ﬂﬁ
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digitalDESY: can we deploy remotely controlled robot-assisted
installation and user operations?

Develop a da Vinci-like robot for assisting users and technical staff

http://Shadowrobot.com/

VR driven controls Human Machine Interface TI_ITI

UH
Prof. F. Steinicke et al. Prof. S. Haddadin

TUHH =i NCT

Karlsruher Institut fiir Technologie 1 4

da Vinci Surgical Robot (Intuitive Inc., USA)
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Next step

« Advanced operations of accelerator based light sources

* Robotics/antropomatics
 Virtual reality/augmented reality based advanced human-machine interface

« Atrtificial intelligence with focus on autonomous accelerators — machine learning

* Would take place in Spring 2021

* Duration: 2x 3-4 hrs -- virtual
* Keynote talks
« What is possible today?
« What are the challenges?
« What is on the horizon?

» Working groups/discussions
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Contact

Prof. Dr. Wim Leemans
Accelerator Division

DESY. Deutsches
Elektronen-Synchrotron

www.desy.de



