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FEL control driven by seed laser

Control on the seed laser phase permits to:

• Correct and control the FEL phase

• Eventually FEL phase control enables CPA (chirped pulse amplification*) and phase sensitive experiments 

(four-wave mixing, attosecond coherent control2).

1Chirped pulse amplification in an extreme-ultraviolet free-electron laser, David Gauthier et al. Nat. Comm. 7, 13688 (2016)

2Coherent control with a short-wavelength free-electron laser, Nature Photonics volume 10, pages 176–179 (2016) K. Prince et al.
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Importance of the control on the seed laser properties

𝜙𝐹𝐸𝐿 𝑡 = 𝑛 𝜙𝑠𝑒𝑒𝑑 𝑡 + 𝜙𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠 𝑡 + 𝜙𝑓𝑒𝑙(𝑡)

𝜙𝑠𝑒𝑒𝑑 𝑡 = 𝜙0 + 𝜔0𝑡 +
1

2
𝜶𝑡2

𝜙𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠 𝑡 ∝
1

𝜎𝐸
𝐸 𝑡

𝜶 = 𝟎 𝜶 ≠ 𝟎

https://www.nature.com/articles/ncomms13688#auth-1
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• GDD quantifies the amount of chirp 𝜶 held from a light pulse (𝜙𝑠𝑒𝑒𝑑 𝑡 = 𝜙0 + 𝜔0𝑡 +
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1
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𝝈𝒕,𝒔𝒆𝒆𝒅 ∙ 𝜎𝜔,𝑠𝑒𝑒𝑑 =

1

2
1 + (2𝜎𝑡,𝑠𝑒𝑒𝑑

2𝜶)2
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• GDD depends on the material, on the distance travelled by the light in the material and the bandwidth of

the considered light pulse
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Controlling the chirp
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Longitudinal phase space distribution measured with TDS

Transverse deflecting structure TDS

Bending magnet

𝐵𝜌~𝑚𝑒𝛽𝑐

Bending 
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Impact of fused silica on energy modulation

No added fused silica 12 mm fused silica

24 mm fused silica 36 mm fused silica

48 mm fused silica 60 mm fused silica

E
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y

Time

𝐺𝐷𝐷 = 4.7 × 103 𝑓𝑠2

𝐺𝐷𝐷 = 9.4 × 103 𝑓𝑠2

𝐺𝐷𝐷 = 2.3 × 103 𝑓𝑠2

𝐺𝐷𝐷 = 7.1 × 103 𝑓𝑠2

𝐺𝐷𝐷 = 12 × 103 𝑓𝑠2
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Characterization of seed laser chirp
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𝜎𝜔,𝑠𝑒𝑒𝑑 = 14.7 THz 𝜎𝑡,𝑠𝑒𝑒𝑑
𝐹𝐿 = 34 fs𝜎𝑡,𝑠𝑒𝑒𝑑

𝐹𝐿 ∙ 𝜎𝜔,𝑠𝑒𝑒𝑑 =
1

2

Chirp gained by passing through seed laser beamline w/o any additional material 
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Simulated working points
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𝜎𝑡,𝑠𝑒𝑒𝑑 respect to the GDD of the seed laser

𝑛𝑜 𝑐ℎ𝑖𝑟𝑝 𝛼 = 216 THz/ps

𝛼 = 102 THz/ps

Chirp of the seed laser 𝜶

Seed laser pulses at the modulator entrance

Seed laser energy and 𝜎𝜔,𝑠𝑒𝑒𝑑 is identical for all the simulated pulses. 

𝜙𝑠𝑒𝑒𝑑 𝑡 = 𝜙0 + 𝜔0𝑡 +
1

2
𝜶𝑡2

𝝈𝒕,𝒔𝒆𝒆𝒅 ∙ 𝜎𝜔,𝑠𝑒𝑒𝑑 =
1

2
1 + (2𝜎𝑡,𝑠𝑒𝑒𝑑

2𝜶)2
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Initial GDD of the seed laser
Simulation results are compared with THz streaking measurement

THz streaking measurement: 𝜎𝑡,𝐹𝐸𝐿 = 58 ± 7.5 fs

Seed laser GDD in the modulator 𝑮𝑫𝑫 = 𝟖. 𝟑 ± 𝟑. 𝟐 ⋅ 𝟏𝟎𝟑 𝐟𝐬𝟐

This GDD corresponds to the amount of chirp that a pulse gains passing through 𝟒𝟐 ± 𝟏𝟔 mm of fused silica.

Seeded FEL pulse depends on FEL optimization:

▪Seed laser power → energy modulation of 

the electron beam Δ𝛾
▪Strength of dispersion R56

R56

Δ𝛾

𝜎𝑡,𝑠𝑒𝑒𝑑

𝑛
< 𝜎𝑡,𝐹𝐸𝐿 <

7

6

𝜎𝑡,𝑠𝑒𝑒𝑑
𝑛1/3
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Summary and Outlook
Summary

• Setup of the sFLASH experiment used to characterize the seed laser 

chirp

• GENESIS simulation of seeded FEL for different chirp of the seed 

laser

• THz streaking reveals chirp and duration of the seeded FEL pulse

• Combination of simulation outcome with the THz streaking experiment 

results enables the estimation of the GDD of the seed laser in front of 

the modulator  

• Study the seeded FEL for different amounts of chirp on the seed laser.

• First step towards FEL pulse tailoring driven by seed laser 

manipulation 

Outlook

| Control of FEL radiation properties by tailoring the seed laser pulses | Vanessa Grattoni, 07.09.2018
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Δ𝐸𝑖(𝑡𝑖) = 𝐸𝑟 𝑡𝑖 − 𝐸𝑠(𝑡𝑖)

𝑃𝐹𝐸𝐿 𝑡𝑖 = Δ𝐸 (𝑡𝑖)
I(𝑡𝑖)
𝑒

T. Plath et al., Scientific Reports, 7, 2431

Characterization of the temporal profile of the FEL pulse

𝜎𝑡,𝐹𝐸𝐿 = 41 ± 1 𝑓𝑠

Uncompressed electron beam  and 
opened radiator
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Seeded FEL 33 nm

Ag-mirror 

with hole

THz lens

Au mirror

Gas target

LiNbO3

Aperture
THz pulse

Characterization of seeded laser pulses at sFLASH
Experiment overview

Seed Laser 

Laboratory

Photon Diag. 

Laboratory
TOF

Vacuum

window

Vacuum

window

Seed laser properties after (tripler) THG setup:

𝜎𝜔,𝑠𝑒𝑒𝑑 = 14.7 THz

𝜎𝑡,𝑠𝑒𝑒𝑑 = 140 fs

THz streaking 

→ temporal profile of the FEL pulse

→ enables derivation of the seed laser chirp at the interaction point in MOD2 
*A. Azima et al. “Direct measurement of the pulse duration and frequency chirp of seeded XUV free 

electron laser pulses”| Control of FEL radiation properties by tailoring the seed laser pulses | Vanessa Grattoni, 07.09.2018
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TDS based longitudinal overlap 

Uncompressed electron beam  and 
opened radiator

Energy modulation resulting from 
seed laser interaction

Δ𝛾𝑠𝑒𝑒𝑑= 350 ± 50 𝑘𝑒𝑉

• Used to adjust the longitudinal overlap between the e-beam and the seed laser pulse when they have

been already coarsely overlapped: they are in a temporal window of 200 ps

• Setup: modulator closed to resonance condition, radiator open, e-beam decompressed
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Controlling the chirp
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Optical 

rectification

1st ToF

LiNbO3

Ag

mirror

TOF

Seeded XUV

Au mirror

THz 

~ 0.42 µJ, 1200 fs

4 mm 

UV FS plate
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Tailoring electromagnetic pulses

• Case of positive dispersion (GDD>0) 𝑮𝑫𝑫 =
𝑑

𝑑𝜔
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Tailoring electromagnetic pulses

• Group delay dispersion (case: GDD>0) 𝑮𝑫𝑫 =
𝑑
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