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• PEARLS DESY crew 
• Case for Encoding Data at Large Accelerator Facilities like FLASH at DESY 
• Available Diagnostics and Data Management Pipelines 
• What’s Missing?  
• PEARLS Encoding objective 
• Update from PEARLS DESY - Hamburg
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PEARLS: Precision in Energy-aware AI Research 
for Low-carbon Solutions

Goal: "Reduce the carbon footprint of AI & ML in high-energy 
physics research — without losing accuracy.” 

“Under the continuation of current trends, AI electricity 
consumption could reach up to 30% of global demand by 2050, 
corresponding to more than 8 gigatons of annual CO2-equivalent 
emissions.” 

Scenario-based forecasting of the global energy demand and carbon footprint of artificial intelligence. PLOS 
ONE, 21 (3): e0343056. DOI: 10.1371/journal.pone.0343056
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There is no shortage of motivation:



DESY Working Groups and Their 
Goals (Reduce the Model Size)
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DESY Working Groups and Their 
Goals 
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Covered by Simran yesterday

Topic for today: Why current data formats are not well suited for most ML workflows



Why Encode Data at an Accelerator 
Facility/Light Source Facility 
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For example, DESY (which is Both an Accelerator and a Light Source Facility)  

• Large infrastructure with lots of 
instrumentation 

• Many researchers 
• Many Users 
• International Experiments 
• Large Datasets 
• Dedicated computing structures for 
control, postprocessing, and analysis



Why Encode Data at an Accelerator 
Facility/Light Source Facility 
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The Accelerator and Free-electron Laser Beamlines

First User Facility FEL and Blueprint for the 
Machines that came after



Why Encode Data at an Accelerator 
Facility/Light Source Facility 
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FLASH1

FLASH2

‘Albert Einstein 
Hall’‘Kai Siegbahn 

Hall’ 

The Photon Science Beamlines



Why Encode Data at an Accelerator 
Facility/Light Source Facility 
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The Photon Science Beamlines

FLASH1

FLASH2

‘Albert Einstein 
Hall’‘Kai Siegbahn 

Hall’ 



Think of FLASH as a camera with very high 
resolution & Shutter Speed
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The Accelerator and Free-electron Laser Beamlines

FLASH Has A Swiss Army FEL Design philosophy

FLASH2: 
High Pulse Energy 
Short pulse schemes  
Highest Photon Energy (with 
afterburner)

FLASH1: 
Narrow Spectral Bandwidth 
Shot-to-shot Stability 
Longitudinal Coherence

FLASH3: 
Plasma Acceleration 
(investing in future 
generation of 
accelerators)



Why Encode Data at an Accelerator 
Facility/Light Source Facility 
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The Accelerator and Free-electron Laser Beamlines

FLASH Has A Swiss Army FEL Design philosophy



One Facility, Two Communities 
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One Facility, Two Communities 
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Photon diagnostics sit between the 
accelerator and the experiments 
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Mobile "semi-permanent" endstations 
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Mobile "semi-permanent" endstations 
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HEXTOF



HEXTOF (High Energy X-ray Time-Of-
Flight) end station
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HEXTOF
Space-, Time-, and Spin-resolved photoemission spectroscopy using a time-of-flight 
momentum microscope

Sparse event stream → Multidimensional histogram    (Similar to HEP detector Data structure?)



What does DESY Computing and 
Controls already provide?
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What does DESY Computing and 
Controls already provide?
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JDDD (Java DOOCS Data Display) 
— control-room dashboard for 
DOOCS operators use to tune the 
machine

DOOCS (Distributed Object-Oriented 
Control System) — the communication 
and control layer connecting the facility’s 
devices and their data.



What does DESY Computing and 
Controls already provide?
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Different DAQs!!!!

Machine (Iinac) DAQ saves data 
continuously, and then this data is 
deleted after 2 weeks unless it is 
requested to be saved in dCache

Experiment DAQ (varies for different 
photon science experiments)



What does DESY Computing and 
Controls already provide?
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Stored Data is not automatically AI-Ready Data



Before Machine Learning, we must solve 
a data-engineering problem
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Before Machine Learning, we must solve 
a data-engineering problem
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Use a subset of parameters from 
the machine that have a 
correlation with the FEL pulse 
diagnostic to add:   

• Event association,  
• validity,  
• Quality, 
• Uncertainty,  
• Calibration

Gesa Goetzke’s Talk after 
coffee break



Goal of Encoding: preserve physical meaning while creating 
a representation that ML models can benefit from
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Postdoc level 
methods

Master’s level 
methods



How about before AI-assisted machine 
setup?
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How about before AI-assisted machine 
setup?
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I will discuss the challenges of this tomorrow.



UPDATE from PEARLS DESY - Hamburg
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• Established Collaboration with the photon science 
group at DESY (LEAPS) 

1 postdoc for 3 years  ; 2 postdocs for 2 years 
Hiring process takes time, and its nice to have the 
flexibility  

• Paper at the IPAC 2026 conference 
Discusses motivation and goals 

⟹



UPDATE from PEARLS DESY - Hamburg
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• Computing Access:  
JUWELS (juwels regular CPU nodes) + Data 
Storage 
JUPITER (jupiter booster GPU nodes) 
DESY - MAXWELL 

• The hiring process took a long time.  
1 postdoc hired  
1 is currently being advertised: 
Supported DESY-Zeuthen hiring as well 

https://v22.desy.de/e67416/records313935/index_eng.html



Summary and Outlook

311st PEARLS Days Workshop 22-24 September 2026 |  September 23rd, 2026   | P. Niknejadi

• Goal of Encoding: preserve physical meaning while creating a representation that ML models 
can benefit from 

We are not starting from zero. We are building on existing infrastructure. 

• Through collaboration, it’s possible to do fairly advanced physics-based encoding  
Gesa has a lot of experience with ML and NN; PEARLS can benefit from it 

• If PEARLS timeline allows, it will be very exciting to implement encoding+pruning+uncertainty 
calculation + CO2 footprint 

• Actively looking for future funding and colaborations (Thursday discussions) 
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Q&A and Discussion



The impact of Artificial Intelligence 
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The impact of Artificial Intelligence 
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FLUXS (FLASH Liquid-phase Ultrafast 
X-ray Spectroscopy)
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A flexible system for advanced solution-phase spectroscopy in the soft X-ray regime. 
Used in different modes and machines

Different levels of representation 
The same experiment produces data with different dimensionality and physical 
meaning as acquisition and analysis progress.

FLUXS

Detector data → physical coordinates → multidimensional scientific data


