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Eupraxia:

Comparison of size and achievable electron beam energy for different existing radiofrequency and plasma accelerators. It
becomes clear that a trade-off between machine size and beam quality at equivalent beam energies distinguished the two
technologies to date.
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Previous experiences:

TIMEX end-station: TIme-resolved studies of Matter under EXtreme and metastable conditions

Design of the end-station and place of orders completed in June 2010. Vacuum chambers
delivered in late October 2010. Pilot experiments (2007- 2010) completed.

Assembling and test of the main components of the TIMEX end-station in the main Fermi hall
started in December 2010.
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Probing phase transitions under extreme conditions by ultrafast techniques:
Advances at the Fermi@Elettra free-electron-laser facility  journal of Mon-Crystalline Solids 357 (2011) 2641-2647
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Studies on non thermal electron heating and
Warm Dense Matter (WDM) dynamics

Warm Dense Matter (WDM) occurs in:

e Cores of large planets

e Systems that start solid and end as a plasma
e X-ray driven inertial fusion implosion

WDM is the regime where neither condensed matter (T = 0) methods nor plasma theoretical methods are valid

Measures the fundamental nature of the matter via equation of state




FEL radiation can create and/or probe WDM in an

extended P-T range

e Lack of knowledge in the Equation of State (EQS)
even of simple systems near WDM regime ( data
largely based on Single-shot shockwave
techniques)

* During a typical WDM creation, systems usually
start solid and end as a plasma.

e FEL radiation can heat bulk matter rapidly and
uniformly to create isochores (constant density)
and iso-entropies on release (constant entropy)
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Bulk heating 20-200 eV photons

- Quasi-isotherm bulk heating can be obtained by L B I
using FEL pulses on several films (Al, Si, Ge, and

more)
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Turning solid aluminium transparent by intense
soft X-ray photoionization

Bob Nagler et al.”

Absorption saturation effect
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Left side: transmission of Al ultrathin
foils as a function of the incident fluence
of FEL pulses. The result of transmission
measurements at the FLASH facility (see
ref.7) and the first results obtained at
TIMEX are compared with calculations
(see text). Right side: the Lower panel
shows the lateral dimensions of the

FEL pulses (10x10 u FWHM) at focus (as
observed on a YAG screen by the TIMEX
telemicroscope), the upper panel shows
the effect of about 100 repeated FEL
shots (fluence 10-20 J/em®) on a 100

nm ultrathin Al foil. The pulses of seed
laser were not filtered and concur to the
damage of the foil.
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Modeling Non-Equilibrium Dynamics and Saturable
Absorption Induced by Free Electron Laser Radiation
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Reflectivity increase by Flux
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New phenomenon observed in the range 18.9-20 eV, interpreted as a shift of
the plasmon energy (Drude model, ~17 eV in Ti) as a consequence of the -
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Pump and Probe: Pilot ultrafast experiments
with a laser source




Pump-and-probe reflectivity
measurements on Si, Ge and GaAs

surface.

Laser source:

Pump: at 400 nm, pulse width FWHM 80 fs, 500 Hz. Typical

pump spot size 100 um (pump) and 50 um (probe).

Probe: Super-continuum 350-800 nm probe, probing depth around 10 nm.

Ultrafast pump-and-probe pilot reflectivity experiments on Si show that
useful information about the dynamics of phase transitions can be obtained.
Non-thermal melting of Si takes place within 300 fs and is

followed by lattice heating or melting within 3 ps, as a function of the pump

fluence.
Diverse time frame in case of different DOS configuration of the investigated
sample. scientific reports 2 ‘
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X-ray Absorption Spectroscopy at X-ray Free
Electron Lasers

X-ray Absorption Spectroscopy (XAS) is an extremely powerful x-ray diagnostic for simultaneously
probing the electronic structure and the local atomic arrangement.




Possible Tunability across the edges
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High-quality Ti M, ;-edge (3p) absorption spectra with FEL ultrashort pulses:
near-edge changes at high fluence (high-energy density).




Single-shot X-ray Absorption Spectroscopy at X-ray Free

HS & o

Electron Lasers |

Scintillator

arXiv:2005.01572v1

Energy dispersive experimental setup at LCLS-SLAC with the unfocused collimated (A) and the focused (B) XFEL beam.
Two identical spectrometers allow simultaneous measurement of the incident and transmitted spectra.

* Energy resolution better than the ~1%

* FEL bandwidth (grating mono)

* Normalization on a shot-to-shot basis
(spikes and FEL intensity fluctuations).




Normalized single-shot X-ray absorption Gd203 sample: Gd N edge
spectroscopy at a free-electron laser (O o & T

1
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a) Average spectral distribution of FLASH. A total energy
Mon.OChromator bandwidth of 0.9 eV FWHM was measured. (b) Gd N4,5-edge x-ray
Grating PG2 absorption spectrum measured in transmission of a Gd203 thin film.
Fig. 1. Schematic of the setup for XAS at FLASH using a TG to The symbols represent data recorded at FLASH, while the solid line
split the FEL beam into a signal and reference beam (+1st and -1st displays a reference measurement of the sample from a synchrotron.

order, respectively). (c) Single-shot and averaged spectra for 10, 100, and 1000 FEL pulses
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Measurement principle of split-beam XUV-pump XUV-probe transient-absorption
spectroscopy. After focusing the pulses into the absorption gas cell filled with a moderately
dense gas medium the transmitted pulses are coupled into a grating spectrometer
consisting of a high precision slit, a VLS grating, and an XUV-sensitive camera which

XUV camera
full-chip image

simultaneously detects the spatially separated pump and probe pulse spectra on a single

shot basis
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Other Possible Scenarios:

Pump:FEL

Probe: Optical laser

Problems to overcome:

Reference

Synchronization (jitter effect)
Overlap control (spatial resolution)
Beam fluctuations

Pump-probe
XAS

Pump: Optical laser

Probe: FEL X-ray
Problems: SuperXAS

Tuning to the required edge (monochromation)
Overlap
Fluctuations




Nano science FEL

Free carriers
State filling
lattice heating
Band Modification
Free carrier absorption
Shape and size (Confinement)
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pubs.acs.org/NanoLett

Ultrafast Dynamics of Plasmon-Mediated Charge Transfer in
Ag@CeO, Studied by Free Electron Laser Time-Resolved X-ray
Absorption Spectroscopy

Jacopo Stefano Pelli Cresi,* Emiliano Principi, Eleonora Spurio, Daniele Catone, Patrick O’Keefle,
Stefano Turchini, Stefania Benedetti, Avinash Vikatakavi, Sergio D’Addato, Riccardo Mincigrucci,

Laura Foglia, Gabor Kurdi, Ivaylo P. Nikolov, Giovanni De Ninno, Claudio Masciovecchio,
Stefano Nannarone, Jagadesh Kopula Kesavan, Federico Boscherini, and Paola Luches
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Ce atoms undergoes an ultrafast change following
photoexcitation of the localized surface plasmon
resonances in the Ag NPs.

The sign and the amplitude of the observed
variations at the different energies and their
ultrafast nature demonstrate that the decay of the
LSPR in the Ag NPs involves electron transfer
processes, which is the dominant process below 1

ps.
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CO m pa rison Of the p h ase Porous silicon nanowires phase transformations at
] high temperatures and pressures
diagram:
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Conclusions:

* FEL sources open new opportunities for investigating extreme and non-equilibrium states
in condensed matter.

* The XAS technique is shown to be particularly useful and ultrafast single-shot are possible.
* Present results at the available EUV and soft x-ray facilities show that challenging single-
shot XAS experiments can be done also using pump-probe schemes. Proper diagnostics for

sample control and data normalization for XAS is still under development.

* The realization of challenging XAS experiments at the new Eupraxia facility would need a
dedicated beamline including diagnostics and solutions carried out in other FEL facilities.

 FEL opens a new road to investigate the effect of DOS dynamics at low dimensions.




