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Outline

* The European XFEL – a data perspective

* The EU.XFEL Data Operation Center

* Experiences from running the Data Operation Center
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The European XFEL – a Data Perspective

X-Ray Detectors at EU.XFEL Instruments
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The European XFEL – a Data Perspective

Custom FPGA-based Data Producers at EU.XFEL
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The European XFEL – a Data Perspective
PLC Systems at EU.XFEL



6European XFEL Data Stack –  Visit to PSI and ESRF, November 2023 S. Hauf on behalf od DATA

The European XFEL – a Data Perspective

*

Time server

AGIPD 

Online Calibration

Beckhoff

The Karabo Control System for the MID instrument

Number of control properties at EU.XFEL



7European XFEL Data Stack –  Visit to PSI and ESRF, November 2023 S. Hauf on behalf od DATA

European XFEL – Time Structure

* 10 Hz base structure

* Up to 4.5 MHz burst

* Readout of pulse resolving 
detectors in the 99.4 ms gap

* à Bursts of up 20 Gb/s data 
for MHz detectors

* à10 Hz or event driven 
updates for everything else
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The European XFEL – a Data Perspective Data Produced in CW46 2021 – All Data Systems Working
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The European XFEL – a Data Perspective

If data services are working, facilities like EU.XFEL
easily produce scientific data in the Peta-Byte range
in a few days
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Karabo - Architecture

* Central Message Broker (Control and slow data)
* Currently: OpenMQ
* Soon RabbitMQ.

* Event driven:
* Data propagates through the system when

values change – push not poll

* Message driven:
* Signal – Slot paradigm
* Asynchronous core, synchronous

convenience in middleware
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Karabo - Architecture

* pipeline (p2p) connections (scientific/large) data
* Scatter/Gather/Copy/Distribute
* Block/Drop on congestion
* TCP
* Also GUI Server – GUI client
* Capable of saturating a 10G line

* Dynamic, discoverable topology
* No central database instance

* GUI Server:
* Gateway to the Control system
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Centralized Data Acquisition
* Central DAQ instance per instrument/installation

* Distributed ”Data Aggregators”
* 1 per MHz detector module (e.g. 16 total)
* ~5-10 for remaining data

► Fast pipeline data: Imagers, digitizers
► Slow broker data

* Data acquisition is run-based. A run is a period 
of (semi-) static experimental conditions
* Importantly, data shapes* and Karabo device 

schema do not change

* Except along pulse axis
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Centralized Data Acquisition
* Implemented as Karabo Devices (C++)

* Up to ˜30 GB/s for a full installation

* Single aggregator can handle a few 1000 slow 
control properties

* Within one sequence file all sources are aligned 
by train id in the rows of the HDF5 tables

* Current work: refactoring to facilitate integration 
of online data reduction using RDMA offloading 
of processing.
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Contacts: Alessandro Silenzi/Dennis Goeries
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Centralized Data Acquisition
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Importance of Facility-Side Processing: Calibration
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Importance of Facility-Side Processing: Online Calibration

Contact: David Hammer (Data Analysis)
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Importance of Facility-Side Processing: Online Calibration

• Sufficient I/O bandwidth to pass single module 
data into calibration host

• Once data is on the host, use shared memory and 
GPU memory to link different correction steps

• Sufficient I/O bandwidth to pass single module 
data from calibration host to online processing 
code.
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Importance of Facility-Side Processing: Online Calibration
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Importance of Facility-Side Processing: Online Calibration and Data Reduction

Contact: Egor Sobolev (Data Analysis)
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Importance of Facility-Side Processing: Online Calibration and Data Reduction

• Sufficient I/O bandwidth to pass single module data into 
calibration host

• However, data serialization to transfer via TCP takes too long 
to scale to all modules of a Mpixel detector

• Solution (work in progress): RDMA via Infiniband: 80Gbit/s on 
100 Gbit/s link from Karabo device to Karabo device for 
~100MB images stacks.
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Importance of Facility-Side Processing: Online Processing Tools (Gallery)

DSSC: 4000 frames/s 
into Hummingbird

Jungfrau 4M: geometry assembly
Gotthard II: Commissioning GUI

AGIPD and LPD into OnDA 
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Contact: Luis Maia (ITDM)
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Data Management and Data Migration
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Importance of Facility-Side Processing: Offline Calibration

Contact: Philipp Schmidt (Data Analysis)
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Importance of Facility-Side Processing: Offline Calibration

Automated processing: raw to processed data
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Importance of Facility-Side Processing: Offline Calibration

Automated processing: new correction constants



28European XFEL Data Stack –  Visit to PSI and ESRF, November 2023 S. Hauf on behalf od DATA

Importance of Facility-Side Processing: Offline Calibration

On-request processing: raw to processed data



29European XFEL Data Stack –  Visit to PSI and ESRF, November 2023 S. Hauf on behalf od DATA

Importance of Facility-Side Processing: Offline Calibration

On-request processing: new calibration constants
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Importance of Facility-Side Processing: Offline Calibration - Tech Stack

Fully reproducable
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Contact: Janusz Malka (ITDM)
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Infrastructure Summary
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Summary

* Infrastructure and Software go hand-in-hand to achieve peak storage of 2PB/day, and online streams of 
4kHz mega pixel images.

* Separation between online and offline data stream
* Online: in-memory, staged pipelines using Karabo and ZMQ (to user space). Python and C++
* Offline: HDF5 files with most computing done on Maxwell HPC. Mainly Python.

* Data reduction will be the next challenge in terms of throughput (and is mandatory to address the 
storage challenge)
* Online data reduction exceeds current stream protocol bandwidth. RDMA is a promising evolution 

path currently being implemented.
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Expert Contacts
* Data Management via MyMDC: Luis Maia (luis.maia@xfel.eu)

* Data Infrastructure: Janusz Malka (janusz.malka@xfel.eu)

* Data Acquisition: Dennis Goeries (dennis.goeries@xfel.eu)

* Online Calibration: David Hammer (david.hammer@xfel.eu)

* Offline Calibration: Philipp Schmidt (philipp.schmidt@xfel.eu)

* Data Reduction Algorithms: Egor Sobolev (egor.sobolev@xfel.eu)

* Extradata data access library: Thomas Kluyver (thomas.kluyver@xfel.eu)

* Group Heads
* Data Analysis (luca.gelisio@xfel.eu)
* ITDM (krzysztof.wrona@xfel.eu)
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