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Temporal diagnostics

■ High-quality temporal and spectral beam information is essential for several experiments.
■ Angular streaking experiments:
▶ Beam ionizes gas and produces photo-electrons.
▶ Circularly polarized optical laser streaks photo-electrons.
▶ Encodes time spectrum information in energy and angular distribution of photo-electrons.

■ Improve and automate analysis:
▶ Virtual Spectrometer automates and enhances from angle-resolved TOF spectrometers.
▶ QUantum-based Angular streaking ReConstruction Kode reconstructs spectrum.

Virtual Spectrometer [1]
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Virtual Spectrometer

Spectral diagnostics devices available in SASE3:

Grating Spectrometer (GS)
■ High resolution.
■ Simple calibration
■ Invasive.
■ Train-resolved.

Photo-Electron Spectrometer (PES)
■ Low resolution.
■ Complex calibration.
■ Non-invasive.
■ Pulse-resolved.

Map PES to GS to get best of both worlds → Virtual Spectrometer (VS) [1].

Training Inference

Collect data
(PES xxx ,
GS yyy )

Denoise
and reduce
x̄̄x̄x = PCA(xxx)
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■ Systematic resolution studies under several conditions done.
■ Comparison with PES show better resolution.
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■ Software deployed.
■ Requires unchanged measurement conditions.
■ Quality control and explainability:
▶ Uncertainty informs on results quality.
▶ Conditions are monitored and alarmed on.
▶ Resolution estimates provided.
▶ Interface informs on method and procedure.

Related posters

Electron-photon correlations: towards x-ray pulse diagnostics at MHz repetition rate, F. Bishara
Experiment overview and automated data analysis with DAMNIT, T. Michelat
Interpretable Machine Learning at the EuXFEL, D. Ferreira de Lima

QUACK

QUACK Simulator
■ Strong Field Approximation [2] with first order perturbative expansion on FEL-gas interaction.
■ Calculate amplitude bbb for a photo-electron detection with momentum ppp due to a FEL with

photon energy ℏω.
■ Transition dipole moment ddd estimated with XATOM [3].

b(ppp, ℏω) =
i
ℏ

∫ tdetection

0
dt ′EEE(t ′) · ddd(ppp − e

c
AAA(t ′)) exp

{
− i
ℏ
[
ϕ(tdetection)− ϕ(t ′)

]}
ϕ(t) =

∫ t

0
dt̃

[
1

2me
(ppp − e

c
AAA(t̃))2 + Ip

]

QUACK Reconstruction
■ Reconstruct observation intensity yyy from simulated amplitudes bbb.
■ Prediction: ŷyy .
■ Electric field Fourier coefficients: xxx .
■ Non-linear phase retrieval algorithm [4] used to obtain electric field expansion.

Ex(t) = Re

{∑
n

xn eiωt

}
xn ∈ C

ŷyy = |bbb xxx |2

xxx = argminxxx
[
ŷyy − yyy

]2

xxx = argminxxx

[
|bbb xxx |2 − yyy

]2

■ QUACK’s output is the electric field of the X-ray pulse.
■ We use the formalism in Ref. [5] to obtain a Wigner distribution per X-ray pulse.

Γ(t ,∆t) = Ex(t)E∗
x (t +∆t)

W(t , ω) = F∆t→ω {Γ(t ,∆t)}

■ QUACK can provide the FEL field including phase.
■ Example: linear chirp, circular polarization.
■ Detector effects in the right-hand-side plot: 1 eV Gaussian resolution.
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Simulated observation
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Reconstructed electric field
time spectrum

■ Width calculated from the intensity time spectrum.
■ Without detector effects, QUACK reconstructs the time FWHM very well.
■ Detector effects (right-hand-side) include only 1 eV Gaussian resolution.

No instrument resolution effect
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With 1 eV instrument resolution
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Summary

■ Data science methods can be leveraged to enhance the spectral and temporal diagnostics of
X-ray pulses.

■ The Virtual Spectrometer combines the advantages of two different spectrometers leveraging
machine learning.

■ QUACK leverages the Virtual Spectrometer to improve the quality of its output.
■ Interpretability, explainability and quality control assets to guide towards adequate solutions.
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