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Science Case

= X-ray imaging with attosecond pulses
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#W Charge migration in molecules after core ionization
2 Direct multiphoton ionization
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Science case by Daniel Rivas, Simon Dold, Tammaso Mazza, Michael Meyer
A. Picon et al., PRA 98, 043433 (2018)
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Attosecond coherent electron motion in
Auger-Meitner decay
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Path to short pulse production at the European XFEL

No or little hardware (some modes possible on User request — See FEL R&D talk):

Non-linear compression Now
Fresh-slice (now dispersion-based; best with dechirper to be installed this winter)

Low charge

Atto@harmonics 2024

(upgradeable)
Additional hardware (2025 shutdown)

Flexible (hard and soft)
Upgradeable 2030+

Maijor facility upgrades (2" fan....)

Beyond the current scope Complexity
And Time
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Coherence time
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Beyond the coherence time especially important for SXR

Shorter X-ray pulses are easier at harder X-rays wavelengths!
Need enhanced control and manipulation of the electron beam longitudinal phase space
At European XFEL: we want short pulses both at HXR and SXR

Two inter-related techniques:
Chirp/taper
eSASE

Based on
Modulating the electron beam energy within a few tens of MeV at optical wavelength
Selecting short lasing window
* |nverse taper
» Transform energy modulation into density modulation and inverse taper
When needed (SXR): shorten the slippage (short radiator, wakes and increased current)
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SASE process disruption with chirped beams
Control of the lasing window can be achieved by energy chirp

In fact lasing needs resonance along a gain length, i.e. within a coherence time

When a linear energy chirp is imposed on an electron bunch, such that the relative energy
deviation on the scale of a coherence time is larger than the FEL bandwidth, the FEL process
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Chirped electron beams by means of energy modulation

Modulate the electron beam in energy e.g. by means of interaction with a few-cycle, high
energy optical laser
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e Energy modulation induced on a 14 GeV bunch
interacting in a two-period wiggler (70cm period)
with a 800 nm/1030 nm pulse laser with 3mJ and
5fs FWHM duration, following [Zholents].

» |t amounts to a sequence of positive and
negative chirps

e Important parameters are:
* magnitude of the gradient
* ratio of gradients between peaks

They must be large enough to avoid lasing
everywhere except (upon taper correction) in the
red part

Carrier-envelope phase is clearly important
as well (see later)
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Chirp/Taper Scheme

Modulate the electron beam with external laser

Reverse Taper to follow the energy

chirp

HXR > 5keV
® Down to the coherence time, fraction of fs, larger than it.

Limited by the lasing window.

SXR<5keV
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E. Saldin, et al. Self-amplified spontaneous emission FEL with energy-chirped electron beam and its application for generation of attosecond x-ray pulses. Doi:

https://doi.org/10.1103/PhysRevSTAB.9.050702
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Possible realization at EUXFEL (Hard X-rays)

T2 SASE 1 T4

Matching Section

Incoupling Holy FODO
Chicane Mirror ﬁ h

om0 FIN]

M (N NN
WW U Vi Vo V
External Laser
Laser Diagnostic
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Simulations
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Example at 800 nm, 3 mJ, 4fs
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» What are the lower performance limits?
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HXR simulations (example) le10 z=110m
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HXR simulations (example)
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CEP Stability

14 GeV, 6 keV
1030 nm, 4 mJ, 4fs

CEP stability requirements ultimately
depend on the experiment (what
contrast can be tolerated)

Here we see that +/- 0.2n rad peak to
peak keeps the contrast high for all
pulses

A reasonable requirement is then
400 mrad rms
(max: 600 mrad rms)
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Possible realization at EUXFEL (Soft X-rays)

T2 SASE 1 T4 SASE 3 T4D

Matching Section

Incoupling Holy
Chicane Mirror

Dm0 T m omo
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Laser Diagnostic
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SXR simulations

Stage1 10 cell reverse taper
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SXR simulations

Stage2 1 cell
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SXR simulations

beta = 16 m, 10 cell reverse taper
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Contrast: ~ 82%

Pulse duration (FWHM): ~ 446 as
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SXR simulations

Stage2 1 cell

SASE3
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Short final radiator
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CEP Stability

14 GeV, 700 eV

1030 nm, 5 mJ], 4fs
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eSASE scheme at the LCLS

Spike at the back of the bunch after compression

Allows for self-modulation

A chicane transforms the
energy into a density modulation

Creation of isolated high current peak

Allows for

«  few-hundred as ] | |
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J. Duris, et al. doi: 10.1038/s41566-019-0549-5
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Summary
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We are currently investigating a chirp/taper and eSASE scheme for EUXFEL (ASPECT)

Chirp/Taper simulations for both hard and soft x-rays are being performed

Simulated pulse durations of 200 as for HXR and 400 as for SXR
eSASE simulations come next

Explore other regimes

» AppleX (polarization)
» Two pulses

» Chicane & third stage (superradiance)

Investigation of space charge as a modulation source

We plan to finish CDR this summer

We plan to install major hardware in the long maintenance shutdown 25
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