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Ideal Beamline from the Accelerator Side

Machine vs Users

Ideal Machine from the Users Side

DE Dt << ħ
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Imaging with high Spatial Resolution (~ l): fixed target imaging, particle injection imaging,..

Dynamics: wave mixing (nanoscale), warm dense matter, extreme condition, ....

Resonant Experiments: XANES (tunability), XMCD (polarization), chemical mapping, ……

Why Free Electron Lasers ?
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Resonances

Cu L edge 930 eV

Ni L edge 850 eV
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Dt < 100 fs

Flux < 1014 ph/pulse 

E ~ 20 - 400 eV 

Total Control on

Pulse Energy

Time Shape

Polarization

E. Allaria et al (2012)
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C. von Korff Schmising, PRL (2014)  

Controlling ultrafast demagnetization using localized optical excitation

Ultrafast Magnetic Dynamics

Ultrafast Demagnetization Imaging

Co/Pt ML
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Non-linear Optics

N. Bloembergen 1981 

to measure sample properties that cannot be addressed

by conventional linear optical spectroscopy or

to obtain spectroscopic information with a higher

sensitivity than that associated with linear spectroscopy

Non linear techniques are powerful when one wants 

SHG, SFG, DFG
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Non-linear Optics

R. Lam et al., PRL (2018)

Virtual state 

Virtual/Excited

state

SHG
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Second Harmonic Generation at FERMI

NO thickness dependence of SHG signal

Measure local geometric and/or electronic 

structure of a single atomic layer

H. Kroemer 2000 

The interface is the device!
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Second Harmonic Generation

C&E News (ACS)   
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Liquid Carbon

R. Mincigrucci et al., Photonics (2017)

D. H. Reitze et al., Phys. Rev. B (1992)E. Principi et al., in preparation
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XANES on Germanium
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E. Principi et al., PRB (2018)

Time-resolved X-ray diffraction is

sensitive to the long-range order and

therefore to the melting

but does not probe the short range order

that finally affects the DOS

Time-resolved X-ray absorption

does probe the short range order

low density liquid (LDL) phase

with a tetrahedral local structure

appears after 300 fs and survives

for about 1 ps

K. Sokolowski-Tinten et al., J of Phys: Cond. Matt. (2004)

HDL – LDL transition in Germanium
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Third Order Processes

N. Bloembergen 1981 

Eprobe

Esignal

Epump

Epump
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