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Early days
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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?
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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!
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TU Berlin

* Join working group: Analytical X-ray physics of Birgit Kanngiel3er

* X-ray physics I and II, joint lecture by Prof. Dr. Birgit Kanngiel3er, Prof. Dr. Stefan
Eisebitt, Prof. Dr. Thomas Moller

Analytical X-Ray Physics RESEARCH SEMINAR STUDY AND TEACHING RESEARCH ABOUT

‘You are here: Versit 3erli y Institute for Physics

About

The research group "Analytical X-ray Physics" is located
in the Eugene-Wigner-Building (EW) at Hardenbergstr.
36 on the third and ground floor.

% i e
= - ) > &

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



https://www.tu.berlin/en/axp/about

Bachelor Thesis

* Spektrenentfaltung fir winkelaufgeloste Rontgenfluoreszenzanalyse
(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
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PhD at DESY

https://photon-science.desy.de/facilities Stand: 2026-09-21



https://photon-science.desy.de/facilities

The Free-Electron Laser FLASH

ot e it s o o =3 ultrashort, bright photon pulses that can
REGUN  Bunch Compressors == De used for research on:
Lasers 350MeV -
5 MeV 150 MeV 550 MeV 1350 MeV

- 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




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)

Non-invasive online
wavelength
measurements at
FLASH2 and present
benchmark,
Journal of Synchrotron
Radiation 2018
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Desy: ML for OPIS

* Joined FLASH Photon Diagnostic in 2021
* First project: ML for online Photolonization Spectrometer (OPIS)
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Article Open access Published: 01 December 2022
Unsupervised real-world knowledge extraction via

disentangled variational autoencoders for photon
diagnostics

Gregor Hartmann &, Gesa Goetzke, Stefan Diisterer, Peter Feuer-Forson, Fabiano Lever, David

Meier, Felix Méller, Luis Vera Ramirez, Markus Guehr, Kai Tiedtke, Jens Viefhaus & Markus Braune

Reconstruction Scientific Reports 12, Article number: 20783 (2022) | Cite this article




Pulse length diagnostic: SASE pulses

Needed for temporal diagnostics:

SINGLE SHOT capability e e bl e
High dynamic range ( few fs to ~300 fs)
Wavelength independent (VUV to X-rays) __

Mapping FEL pulse time structure on the angular coordinate of photoemission (.hand of a clock”)

Methodological Kick-Off at European SpeAR Project
XFEL - 5Q5 (W. Helml/ M. lichen)
Techniques study: S.Disterer et al, PRSTAB 17, 120702 (2014) “Ball"-chamber of M. Braune

(FLASH - DESY) at 5QS in June 2022

=238
THz Streaking -
Measuring the pulse duration and arrival time by means of a single cycle THz streaking |
field: - Parameter range
« 20-200fs
«+ Online monitoring o 4-40 nm .
« Single bunch resolved measurement - 1-500p First isolated sub-fs pulse at 1 ke¥ ——— =~ Founded by EfUM Pro TRANSALP & SpeAR (M. lichen,
. (Almost) non-invasive photon energy directly measured in W. Helm et al ) & FLARE (C. Mai, Ch. Gerth el al)
. . time.
« High rep. rate possible ,
Electron TOF

spectrometer




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) et Lo e
Parasitic / Transparent

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

Hartmann et al., Nature Pholon 12, 215-220 (2018)

e on the angular coordinate of photoemission (.hand of a clock”)

SpeAR Project
THz Streaking

Measuring the pulse duration and arrival time by means of a single cycle THz streaking
field:

« Online monitoring

«+ Single bunch resolved measurement
« (Almost) non-invasive

« High rep. rate possible

Founded by ErUM Pro TRANSALP & SpeAR (M. lichen,
W, Helm et al ) & FLARE (C. Mai, Ch. Gerth et al)




ML for PolariX TDS

” F Gun

Bunch Compressors
Lasers 350MeV -
5 MeV 150 MeV 550 MeV 1350 MeV
Dipole/XUV 8
4 Screen b o
--"""/ ~ E z
¢ / / ener 5 g+
TDS gy
— \ . 2
SASE undulators time

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

measured

diagnostic data
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0 g0 40408080505 0)0) ¢!
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_ 0) M . .
a priori sample ~—. low-dimensional 0.0
knowledge 000 znodes | representation [X,y, 1,0, 0]
B-VAE: LEARNING BASIC VISUAL CONCEPTS WITH A
CONSTRAINED VARIATIONAL FRAMEWORK
0.0.0.0 000000 Irina Higgins, Loic Matthey, Arka Pal, Christopher Burgess, Xavier Glorot, ‘
. neural netwo rk MauhewBotvi_nick.ShakirMohamed,AlexanderLerchner
Google DeepMind
decoder ke e L Google DeepMind
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ML for PolariX TDS
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Desy: PolariX TDS

J Controls
® Beta-VAE Latent Space
0 v
Explorer
Latent Space to Image
_ Original Reconstructio Absolute
o Settoimage Values :
Image n Difference
Latent Space Reset : ' :
o Setto zero " .
: -
Latent Space Dimensions i
Dimension 0 @
hlnlfd

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




ML for PolariX TDS
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3 Months at SLAC in California




Femto-Pixar

two monochromatic
X-ray pulses H
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reconstruction
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OPtiES EXPI’ESS Vol. 33, Issue 15, pp. 31235-31243 (2025) - https://doi.org/10.1364/0E.562798

femto-PIXAR: a self-supervised neural network method for
reconstructing femtosecond X-ray free electron laser pulses

Gesa Goetzke, Rajan Plumley, Gregor Hartmann, Tim Maxwell, Franz-Josef Decker, Alberto Lutman, Mike Dunne, Daniel
Ratner, and Joshua J. Turner

Author Information =~ C, Find other works by these authors -



Submitted thesis with title:

“Unsupervised machine learning approaches for

photon pulse diagnostics at free-electron lasers”

on March 10th




Photon
THz Diagnostics

. Soft X-ra
RF Stations Accelerating Structures sFLASH .

Undulators
VVY \ 4 \ 4 \ 4
m o H ]_lA?"[ El]]]]]FLASH1

0
RF Gun

Bunch Compressors
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5MeV | 150 MeV 450 MeV 1250 MeV
Kai SieZbars Johan Lundquist
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| - MAXIV
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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)

FLASH2 POLARIX Calibration Tool ® €

Machine: FLASH ~ | Beamline: FLASH2 ~

Time Calibration Time Calibration Extra Controls /Check both phases
| Dummy Action 1 |

Time Axis: | x axis + 1.0 1.0
Phase Left Phase Right [ Dummy Action 2 J
< om 2| os oe ¥—Record reference set
( Read Phase Il Read Phase |'{ o064 0.6 4

Dummy Selection
Do Time Calibration

0.4+ 0.4+
| Load Time Cal... /| Load Last Time Cal |

Time Cal. | 0,00 fsipix  Streak | 0,0 Time res. | 0,0 fs 029 021 = ‘4'_ MU|t|p|e reference flndlng t00|s’

Time Stamp 0.0 T T T 0.0 T T T Extra Plot i h d i h I
000 025 050 075 100 000 025 050 075 1.00 Wlt an Wlt ou M L
Do Simultaneous Time and Energy Calibration
Print to Elog
Energy Calibration Py 1.0 - Dummy Plot
Energy Calibration
Current Top Current Bottom 0.8 Tu ne |a SI n g Off
0,00 * 0,00 - 1.0 1.0
0 0.6
| Read Current /| Read Current | 2
s 0.8 0.8 "
Do Energy Calibration > 0.4
[ Load Energy Cal.. I Load Last Energy Cal || ©61 061
0.2
Energy Cal. | 0,0000 MeVipix Dispersion | 0,0000 m 0.4 4 0.4
Time Stamp 0.0 1
0.2 4 0.24 0.00 025 050 075 1.00
Scan Settings 0.0 00 X axis
000 025 050 075 100 000 025 050 075 1.00
Choose Camera QTRIFL2XTDS v e
Number of = . Print to Elog | .
umber of steps = ——
Status lights -
Number of images 10 2
Number background 10 - Take Configuration data loaded for POLARIX at FLASH2

Camera prepared: OTROFL2XTDS
Background Method Camera Trigger - Pixel scale X: 6.184e-06 m/pix
Pixel scale ¥: 6.352e-06 m/pix

Red - record new lasing offs

Take Images

@O @

Take Calibrated Image Continuous

Fit |None v




Thanks to:

Gregor Hartmann
Felix Mdller HzZB

ML Group at HZB
Stefan Dusterer

Kai Tiedtke
Rajan Plumley Matthias Vogt
Daniel Ratner Christopher Gerth
Joshua Turner Markus llchen

. ‘ NATIONAL
= —— =@ ACCELERATOR

B N LABORATORY

The entire FLASH team

Philipp Amstutz

European

XFEL
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Thank You

Questions?

\\
1A
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