
Gesa Goetzke

● Early days
● Physics studies at TU Berlin

● Bachelor Thesis
● Master Thesis

● Work at DESY
● Disentangled autoencoders for photon diagnostics
● U-net based approach for TDS evaluation

● Motivation

PEARLS introduction



Early days
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Early days

https://www.alemannische-seiten.de/deutschland/schopfheim.php 1/21



Early days

● Abitur at Theodor Heuss Gymnasium 
Schopfheim

●  major subjects history and physics
●  volunteer courses in computer science 

and astronomy
● What to study: mathematics?, computer 

science?, physics?
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Early days

● Abitur at Theodor Heuss Gymnasium 
Schopfheim

●  major subjects history and physics
●  volunteer courses in computer science 

and astronomy
● What to study: mathematics?, computer 

science?, physics? => physics!
 Not within a ‘weekend-radius’
 Significantly larger than Schopfheim
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TU Berlin

● Join working group: Analytical X-ray physics of Birgit Kanngießer
● X-ray physics I and II, joint lecture by Prof. Dr. Birgit Kanngießer, Prof. Dr. Stefan 

Eisebitt, Prof. Dr. Thomas Möller

https://www.tu.berlin/en/axp/about , Stand: 20.09.2026!
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● Bachelor Thesis

● Spektrenentfaltung für winkelaufgelöste Röntgenfluoreszenzanalyse 
(Spectral deconvolution for angle-resolved X-ray fluorescence analysis)

● Find individual fluorescence lines in noise, overlapping peaks, insufficient 
statistics, detector artifacts…  
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● Master Thesis

Fast evaluation of single photon events with convolutional neural networks 
for angle-resolved X-ray fluorescence measurements

?

clustering

CNNs

J. Baumann Dissertation, TU Berlin, 2017

photon density
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PhD at DESY

Introduction Desy… 

https://photon-science.desy.de/facilities Stand: 2026-09-21
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The Free-Electron Laser FLASH

ultrashort, bright photon pulses that can 
be used for research on:

- energy transition
Advancements in Liquid Jet Technology and X‑ray Spectroscopy for 
Understanding Energy Conversion Materials during Operation, Acc. Chem. 
Res. (2023) , DOI: 10.1021/acs.accounts.2c00525

- better electronics
Advancing Energy Materials by In Situ Atomic Scale Methods", Advanced 
Energy Materials, 2025, DOI: 10.1002/aenm.202404280

- safer drugs
Direct observation of ultrafast symmetry reduction during internal 
conversion of 2-thiouracil using Coulomb explosion imaging, Nature 
Communications (2025), DOI: 10.1038/s41467-025-57083-3

- advanced materials
Melting, Bubblelike Expansion, and Explosion of Superheated Plasmonic 
Nanoparticles, Phys. Rev. Lett. 134 (2025), DOI: 
10.1103/PhysRevLett.134.136101

 

FLASH Brochure 2007, 
https://photon-science.desy.de/sites/site_photonscience/content/e62/e189219/e187240/e208351/e306911/FLASH-
BroschrefrsWeb_2007-05-22_eng.pdf?preview=preview 6/21



Desy: ML for OPIS

● Joined FLASH Photon Diagnostic in 2021, PhD project under supervision of 
Gregor Hartmann (HZB)

● First project: ML for online PhotoIonization Spectrometer (OPIS)

1) random hits
2) prompt signal
3) baseline disturbance
4) trace without signal
5) periodic ‘zigzag’ behavior
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Non-invasive online 
wavelength 

measurements at 
FLASH2 and present 

benchmark,
Journal of Synchrotron 

Radiation 2018



● Joined FLASH Photon Diagnostic in 2021
● First project: ML for online PhotoIonization Spectrometer (OPIS)

Desy: ML for OPIS
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Pulse length diagnostic: SASE pulses

Needed for temporal diagnostics:

SINGLE SHOT capability 
High dynamic range ( few fs to ~300 fs)
Wavelength independent (VUV to X-rays)
Parasitic / Transparent

Techniques study: S.Düsterer et al, PRSTAB 17, 120702 (2014)
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Pulse length diagnostic: SASE pulses

Needed for temporal diagnostics:

SINGLE SHOT capability 
High dynamic range ( few fs to ~300 fs)
Wavelength independent (VUV to X-rays)
Parasitic / Transparent

Techniques study: S.Düsterer et al, PRSTAB 17, 120702 (2014)

More an experiment 
themselves than a ‘standard 

diagnostic’
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ML for PolariX TDS

'FLASH2020+ Conceptual Design Report' (CDR) (Jan. 2020, Reference DOI: 10.3204/PUBDB-2020-
00465).
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Pulse reconstruction
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disentangled-variational autoencoder

18DESY
.

L = Lreconstruction + β*Ldistribution 

[x, y, r, 0, 0]
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ML for PolariX TDS
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Desy

https://goetzkeg-vaeexplorer-playls-bg188j.streamlit.app/

Desy: PolariX TDS
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ML for PolariX TDS
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Reconstructed reference



3 Months at SLAC in California 



Femto-Pixar

Lasing off Lasing on
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Thesis

Submitted thesis with title:

 “Unsupervised machine learning approaches for

photon pulse diagnostics at free-electron lasers”
 on March 10th
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Johan Lundquist

NN

measured

predicted

calculated
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What now?

- Transfer all my knowledge about ML and Pulse diagnostic to something usable!
- build a useful / well documented  Tool that each operator can use.

Started to translate matlab (calibration)  tool into python (pyqt5)

Check both phases

Tune lasing off

Record reference set

Status lights –
Red  record new lasing offs→

Multiple reference finding tools,
With and withoul ML
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Thanks to:

Gregor Hartmann
Felix Möller

ML Group at HZB

Rajan Plumley
Daniel Ratner
Joshua Turner

Philipp Amstutz

Stefan Düsterer
Kai Tiedtke

Matthias Vogt
Christopher Gerth

Markus Ilchen

The entire FLASH team



Thank You

Questions?
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