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Introduction

• Brilliance (about 9 orders of magnitude higher

than 3rd generation syncrotron radiation)

• Time resolution: FEL pulse duration ~ 100 fs

• Full spatial coherence

• Availability of the polychromatic spontaneous

emission
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Scientific Case
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FEL monochromatic lines are superimposed to a strong 

white background (graph from DESY website)
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The delay time τ is to be considered as a random variable. The only constrain is 

that t must be shorter than the sweep time of the streak camera (otherwise the two 

pulses cannot be both visualized in a single scan).

Therefore, instead of fixing τ deterministically and a priory,  for instance through a 

delay line, it is measured a posteriori as the sampling of a stochastic variable (like in 

the Montecarlo method).

In this way, the τ-space is progressively populated by repeating many times the 

diffraction experiment (construction of the ensemble of events by many repetitions of 

the experiment). 
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By fitting or deconvolving the spots produced by the two pulses (shorter 

than the resolution time of the streak camera), a higher temporal

resolution on t than that of the streak camera can be obtained!!!

Where’s the trick???

We already know the FEL pulse shape in the time domain:We already know the FEL pulse shape in the time domain:

It does not have to be measured by the streak camera… 

The pulse distribution in the time domain is δδδδ-like.

Therefore, what actually appears on the streak camera monitor is the transfer

function of the camera itself, which can be fully characterized prior to the experiment
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Difference between coherent imaging tecniques.

Microscopy, coherent diffraction, holografy.

La lente ricombina i raggi 

diffusi preservandone la 

relazione di fase e restituendo 

l’immagine dell’oggetto

microscopy

Vincoli Vincoli 

sull’oggetto

Un algoritmo calcola le fasi 

in accordo con le 

informazioni 

note a priori

diffraction

J. Miao et al. J. Opt. Soc. Am Vol 15 (6), p. 1662  (1998) & Acta Cryst. D, Vol. 56, p. 1312 (2000)
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Where we are (in 2009):

temptative time schedule

• 2008 TdR completed

• 2009 Scientific Case completed

• 2010 beginning of the building

• 2011 infrastructures

• 2012 assembling of the components

• 2013 commissioning and first test 
experiments

• 2014 full operation of the machine 
(phase I, VUV) 24



Electronic transitions are regarded as instantaneous on the 

time scale of atomic motions (Bohr-Oppenheimer

approximation)

A proposal may be to further enhance one of the properties

of FELs, for instance its time resolution
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approximation)

This holds for studies carried out with current FEL pulses.

However, 5th generation FELs might reach the sub-

femtosecond regime, allowing a direct observation of

electronic rearrangements.



http://www2.uni-siegen.de/~pci/lehre/apctc101204.pdf
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