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Which is the objective of AXSIS?
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o Electrons accelerated by THz radiation:

Reduced size, cost and complexity

Compact X-ray light source using 

THz pulses
oObjective of
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Multicycle THz generation: Single pulse
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Multicycle THz generation: Single pulse
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But phase-matching is not satisfied:

Δ𝑘 = 𝑘 Ω𝐼𝑅 + Ω𝑇𝐻𝑧 − 𝑘 Ω𝐼𝑅 − 𝑘(Ω𝑇𝐻𝑧) ≠ 0

⇒ Quasi phase-matching! (QPM)
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Multicycle THz generation: Single pulse
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Δ𝑘 = 𝑘 Ω𝐼𝑅 + Ω𝑃𝑀 − 𝑘 Ω𝐼𝑅 − 𝑘 Ω𝑃𝑀 + 𝒌𝑷𝑷𝑳𝑵 = 0

QPM fixes THz frequency: Ω𝑇𝐻𝑧 = Ω𝑃𝑀 = 346 𝐺𝐻𝑧



Page 6

Multicycle THz generation: Train of pulses
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Train of pulses 𝜴𝒕𝒓 = 𝜴𝑷𝑴

Train of pulses 𝜴𝒕𝒓 ≠ 𝜴𝑷𝑴
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𝜴𝒕𝒓 = 𝜴𝑷𝑴

Multicycle THz generation: Train of pulses
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Coherent sum

High THz energy

PPLN: DFG + QPM

↑ ↓ ↑ ↓ ↑ ↓

𝜴𝒕𝒓 = 𝜴𝑷𝑴

Incoherent sum

Low THz energy

PPLN: DFG + QPM

↑ ↓ ↑ ↓ ↑ ↓

Train of pulses 𝜴𝒕𝒓 = 𝜴𝑷𝑴

Train of pulses 𝜴𝒕𝒓 ≠ 𝜴𝑷𝑴
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Experimental setup: Pulse divider
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<

<

Motorized stage

𝜴𝒕𝒓 =
𝟏

𝚫𝒕

o Eight Michelson interferometers: 256 pulses

∆𝒙

o Efficiency as function of 𝜴𝒕𝒓

s-polarized

p-polarized

p & s-polarized
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How is the curve affected by time errors?
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o The pulses can be displaced by 𝜹𝒕 o We obtain lower THz efficiency

<

<

Motorized stage
∆𝒙 + 𝜹𝒙

∆𝒕 → ∆𝒕 + 𝜹𝒕
s-polarized

p-polarized

p & s-polarized
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Application of ML algorithm: Methodology
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o The input is a non-ideal tuning curve and the output is the set of eight time errors.

Tuning curve (𝜂𝑖𝑛𝑝𝑢𝑡)

Eight

delays 𝜹𝒕𝒊

Corrected tuning curve

ML 

algorithm

oFitness(δ𝑡𝑖) = σ𝑘 𝜂𝑖𝑛𝑝𝑢𝑡,𝑘 − 𝜂𝑘(δ𝑡𝑖)
2

The algorithm has to find the minimum
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Application of ML algorithm: DE algorithm
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o Starts with an initial population and evolves it using the best individual

Iteration 1 Iteration 100Iteration 10
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Application of ML algorithm: Simulated data

| DESY Summer Student Programme 2024 | Marcos Puerto Matías

oTo avoid local minima ⇒ two rough scans and a precise scan into each minimum

oSuccess rate: 70%, but in the other

30% we know the global minimum

was not reached looking at the

fitness, so we can run it again!

oAverage runtime: 25 minutes, 

precise scans can be done in 

parallel for faster convergence
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Application of ML algorithm: Experimental data
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oFirst application to experimental curve. Scan range: 300 – 390 GHz 

oConvergence not as 

good as expected
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Application of ML algorithm: Experimental data
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o Two corrections were applied. Results are not conclusive, more runs have to be done
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Application of ML algorithm: Experimental data
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o Two corrections were applied. Results are not conclusive, more runs have to be done
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Application of ML algorithm: Experimental data
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o Two corrections were applied. Results are not conclusive, more runs have to be done
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Conclusions
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oSimulation of non-ideal tuning curves using eight time errors

oCreated a ML algorithm able to identify those time delays

oAlgorithm successfully applied to simulated data

oApplication to experimental data is promising but not effective yet
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Backup figures
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𝜂𝑇𝐻𝑧 𝐿, Ω𝑡𝑟 =
𝜒0

2
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Ω𝑃𝑀 =
𝑐𝑘𝑃𝑃𝐿𝑁

𝑛 Ω𝑃𝑀 − 𝑛𝑔(𝜔𝐼𝑅)
𝛿𝐿 = −

𝑐 × 𝛿𝑡
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Application of ML algorithm: DE algorithm
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o Starts with an initial population and evolves it using the best individual

Iteration 100:
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Multicycle THz generation
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PPLN: DFG + QPM

IR Pulse
↑ ↓ ↑ ↓ ↑ ↓
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