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Motivation: why Pulse Shaping?
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Motivation: why Pulse Shaping?

e Control light-matter interactions
e Tailor the phase and amplitude of pulses to

direct chemical reactions (coherent control)

DESY. 10.09.2025 RECONSTRUCTION OF ULTRASHORT LASER PULSES FOR THEIR COMPRESSION IN A CONTROL LOOP



Motivation: why Pulse Shaping?

e Control light-matter interactions
e Tailor the phase and amplitude of pulses to

direct chemical reactions (coherent control)

- Compress pulses to extremes

« Shorter pulses — finer pump—probe resolution

- Higher peak power — stronger nonlinear effects (more
efficient HHG for attosecond pulses)

+ Tailored control — selective excitation

- Compression — efficient use of existing lasers
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Goal of Experiment

General scheme: arbitrary tailored pulse
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Goal of Experiment

ALGORITHM

Feedback loop

General scheme: arbitrary tailored pulse
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GOal Of Expen ment Our goal: Compress fer.nto\fsec.:ond
pulses close to Fourier limit.

ALGORITHM

Feedback loop

General scheme: arbitrary tailored pulse
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| f EX rim N Our goal: Compress femtosecond _
Goal 0 pe ent pulses close to Fourier limit. AzAw = 0.441

ALGORITHM

Feedback loop

General scheme: arbitrary tailored pulse
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4f Geometry and SLM

DESY. 10.09.2025 RECONSTRUCTION OF ULTRASHORT LASER PULSES FOR THEIR COMPRESSION IN A CONTROL LOOP 4



4f Geometry and SLM

spectral decomposition, modulation at Fourier plane, recombination
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4f Geometry and SLM

spectral decomposition, modulation at Fourier plane, recombination

Grating
e(u)

Original
pulse

t
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4f Geometry and SLM

spectral decomposition, modulation at Fourier plane, recombination
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SHG and FROG
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SHG and FROG

Frequency-Resolved Optical Gating (FROG)
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measured
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SHG and FROG

Frequency-Resolved Optical Gating (FROG)

Pulse to be
measured

v
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Experimental setup
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Experimental setup
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Pulse retrieval
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Pulse retrieval
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Pulse retrieval
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FROG from SWAMP Optics is industry
standard - “Black box”
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Pulse retrieval
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FROG from SWAMP Optics is industry
standard - “Black box”
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Pulse retrieval
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FROG from SWAMP Optics is industry
standard - “Black box”

DESY. 10.09.2025 RECONSTRUCTION OF ULTRASHORT LASER PULSES FOR THEIR COMPRESSION IN A CONTROL LOOP 7



Pulse retrieval
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FROG from SWAMP Optics is industry
standard - “Black box”
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Pulse retrieval
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FROG from SWAMP Optics is industry Pypret: -Reproduces SWAMP

standard - “Black box” -Runs faster
-Scriptable & scalable
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Analysis of pulses with Pypret

Trace error: 3.759e-02
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Analysis of pulses with Pypret

Trace error: 3.759e-02
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Comparison with SWAMP
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Comparison with SWAMP

Time Domain FWHM
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Implementation of Pypret:
- agrees with SWAMP well on simulated/exp. pulses
- Reproduces all metrics of the pulse (FWHM, TBP)
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Comparison with SWAMP

Time-to-target ECDF (T = 0.001)
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Iterations to reach R < 0.001

Pypret:

- Converges faster (+100 vs 500 steps) and
to slightly lower errors

 Resistance to noise on a par with SWAMP

Implementation of Pypret:
- agrees with SWAMP well on simulated/exp. pulses
- Reproduces all metrics of the pulse (FWHM, TBP)
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Comparison with SWAMP

Time-to-target ECDF (T = 0.001)
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Iterations to reach R < 0.001

Pypret:

- Converges faster (+100 vs 500 steps) and
to slightly lower errors

 Resistance to noise on a par with SWAMP

Pypret can be integrated into the Genetic Algorithm/ML loop for automatic retrieval/analytics of pulses
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Implementation of Pypret:
- agrees with SWAMP well on simulated/exp. pulses
- Reproduces all metrics of the pulse (FWHM, TBP)
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* Input traces need to be symmetric
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Pitfalls & Limitations

INTENSITY (a.u.)
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—leads to 50/50 phase “flips”
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Pitfalls & Limitations

s55 - Pulse in time domain Comparison s8 - Pulse in Spectral Domain Comparison
1.0 1 —— Simulated 1.0 A —— Simulated
—— Swamp L3 Swamp
—— my_Pypret —— my_Pypret
0.8 0.8 4 -+ Simulated Phase
Swamp Phase (aligned) RMS=0.017
~ 2 --- my_Pypret Phase (aligned) RMS=1.859
306 ; 0.6 3
& 0.4 L 04 & .
= : * Input traces need to be symmetric
Lo
021 0.2
7\ / \ !
7/ \\ SN ) F—1 . . . . .
| | , o0 —Pulse is inherently unambiguous in time-

—600 -400 -200 0 200 400 600 960 980 1000 1020 1040

e Wavelength () domain + retrieval starts with random guess

pypret_wavelength_FWHM_nm vs Compressor Delay Line
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' - Some metrics are fluctuating from shot-to-shot,
ARG » especially spectral widths, spectral RMS etc.
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Experimental data analysis
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Experimental data analysis

pypret_time_FWHM_ fs vs Compressor Delay Line
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- Tested on laser compressor-line sweep, in
agreement with measured autocorrelation

DESY. 10.09.2025 RECONSTRUCTION OF ULTRASHORT LASER PULSES FOR THEIR COMPRESSION IN A CONTROL LOOP 11



Experimental data analysis

pypret_time_FWHM_ fs vs Compressor Delay Line
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 Tested on laser compressor-line sweep, in - Was able to extract the phase after the GA
agreement with measured autocorrelation compression, allowing to check target phase
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Conclusions & Outlook

- Implemented tunable & scalable pulse retrieval algorithm that is on a par with industry standard software
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Conclusions & Outlook

- Implemented tunable & scalable pulse retrieval algorithm that is on a par with industry standard software
- Tested on experimental and simulated data, benchmarked the convergence

- Assisted in experiment alignment

- Automatic retrieval enables reliable pulse metrics
from SHG-FROG traces, enabling robust input for GA
& ML-based pulse shaping and adaptive laser pulse
compression.
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1 \
Corporatewu to findithe differences
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