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An ultrashort pulse of light in the time domain. In this figure, the 
amplitude and intensity are Gaussian functions. The phase 
function is quadratic, resulting in an instantaneous frequency 
sweep sometimes called chirp, in analogy to the sound of some 
birds. 



Pump - Probe setup

Mach Zehnder type interferometer
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Brilliance           Microscopy

•X-ray microscopy

•X-ray dichroic microscopy

Coherence           X-ray scattering

•X-ray elastic scattering (statistical optics)

•X-ray FT interferometry

Time structure Pump-Probe 

•Time resolved core level spectroscopy

•Time resolve spectroscopy zooming in the momentum space

•TR X-ray diffraction

•Dynamics of the phase transitions
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150 fs Laser Pulse Measured by an Electron 
Time of Flight Spectrometer

F.Parmigiani et al.



Fermi Edge
Direct Photoemission

2-Photon Photoemission
with P-polarized light

2-P Fermi Edge

hν = 6.28eV
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Photoemission Spectra on Ag(100) single crystal
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Undirectly Populated IPS on Ag(100)



Non-Linear Photoemission Process

PHOTOEMISSION PROCESS
PROBLEMS:
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Upon the absorption of two photon 
the electron is already free.

Which is the absorption mechanism 
responsible of the free-free transition?

Keldysh parameter γ=1500>>1, 
perturbative regime

Evidence of 
ABOVE THRESHOLD PHOTOEMISSION
in solids ?

γ =



Some preliminary considerations:

• Type of experiments

Pump-probe 

Single pulse

• Energy resolution / momentum resolution:

∆E x ∆t ≥ h/4π

∆p x ∆x ≥ h/4π





Real-Time Observation of Adsorbate Atom 
Motion Above a Metal Surface

H. Petek et al., Science 288 1402 (2000)

Observation of atomic and dynamics on 
surface is possible by time-resolved  two 
photon photoelectron spectroscopy. The 
unusual changes in the surface 
electronic structure within 160 fs after 
excitation are attributed to atomic 
motion in a Cu-Cs bond-breaking 
process. 

The availability of sub ps coherent VUV 
and  soft X-ray pulses with variable 
polarization will extend this technique  
to e very large set of systems where also 
the momentum and the structural 
parameters depending on the 
polarization can be explored.




