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Fermi@Elettra FEL in Trieste 
The FEL1source is presently operating 

(~routine operation started in Dec 
2012, FEL2 in 2014). 

n  E. Allaria et al., New Journal of 
Physics 14 (2012) 113009 

The FEL1/FEL2 photon beams are 
delivered to the beamlines through 
the PADReS (Photon Analysis  
Delivery and Reduction System).  
This includes gas monitor detectors 
and attenuators, mirror switching, x-
ray spectrometers. TIMEX is an end-
station developed through a 
collaboration between the Univ. of 
Camerino and ELETTRA (EIS). 
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      project (http://gnxas.unicam.it/TIMEX) 

n  TIMEX end-station proposal (2006): TIme-resolved 
studies of Matter under EXtreme and metastable 
conditions  

n  EIS beamline including TIMEX approved (UniCam-
ELETTRA agreement 2007-2013)  

n    

See report on Notiziario Neutroni e Luce di Sincrotrone 26 Volume 18 n. 2 (July 2013) 
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TIMEX end-station: timeline and status 
n  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.  

n  Problems: the TIMEX optics (C. Svetina, D. Cocco) did not match 
specifications (SESO manifacturing) and are still under 
construction. All tests and first runs (for a total of ~3 weeks of 
beamtime) since March 2011 using a simplified optics. 

n  Beamline open to users since the first call for proposals. Optics 
delivered and installed in late 2013, pump-probe (laser-seed + 
FEL) installed and tested (late 2013). 

n  Personnel/contacts: C. Masciovecchio group (main responsible 
E. Principi) 

 

Assembling the TIMEX UHV chamber in the 
main -empty- Fermi hall (17 nov 2010)  
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FEL focusing chamber 
(ellipsoidal mirror) Transmission detector 

(bolometer/photodiode) 

Microscope (~3 µm resolution) 

Pyrometer 

Sample chamber 

FEL 
probe Optical laser as 

alternative 
pump/probe 

EUV 
spectrometer 

TIMEX layout details 

l The flexible set-up of the Timex 
end-station can host different 
experimental configurations.  
 
l Details on the experimental layout 
and pilot pump and probe 
experiments are reported in the 
papers of the Timex collaboration  
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Set-up for first experiments 
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Fluence and focusing 
n  Focusing provided by a spherical focusing mirror (metal or multilayer 

coating) with ~10x10 mm best focus size, (normal reflection: loss of about 
90% of fluence for soft x-ray photons). The mirror was a platinum-coated 
silicon mirror (400 mm radius of curvature, 0.2 nm roughness RMS) placed 
close to normal incidence (angle of incidence 3 degs). Maximum fluence in 
these conditions was about 20 J/cm2.  
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E. Allaria et. al., New J. Phys. (2012) 
 
 

Shape of the pulse 

10x10 µ FWHM  
 

Seeded laser Real space 

Energy space 
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Tunability across the edges 

n  High-quality Ti M2,3-edge (3p) absorption 
spectra with FEL1 ultrashort pulses: near-edge 
changes at high fluence (high-energy density). 
E. Principi et al. (2013). 
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Ultrafast excitation of the Si(100) surface: pictorial view 

�   

� A combined MC and MD calculation on a (100) 
slab of 142560 atoms was used to calculate the 
thermodynamic pathway after excitation (500 fs 
pulse). Rapid non-thermal disordering and nearly 
isochoric heating (B) of the metallic liquid is 
followed by cooling in the liquid-vapor regime.  
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Bulk heating with FEL1 
l Quasi-isotherm bulk heating can be 
obtained by using FEL1 pulses on 
several films  (Al, Si, Ge, and more) 
l Electron temperatures are estimated 
to be in the range 1-10 eV (WDM 
regime) 
l Large-sized self-standing films are 
robust (0.1-0.3 microns thickness) and 
can be used for shot-to-shot 
experiments at the FEL repetition rate 
l FEL2 useful for bulk heating of some 
important material (C for example) 
l → Soft x-ray FELs are really useful 
for efficient bulk heating! 
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Warm Dense Matter (WDM) 

1eV : 11604 K 

0.1~100 eV 

Application of VUV/X-FEL 
to solid. The pulse can heat 
the solid in ultra short time.  

In saturation condition 
we can heat the material 
linearly 
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Transmission at high fluence 
n  Saturable absorption in Al observed at FLASH (Nagler et al., Nat. Phys. 5, 

693–696 (2009) with 92 eV photon energy (15 fs pulse width). Al L2,3-edges 
around 73 eV so the kinetic energy of photoelectron is about 20 eV. First 
TIMEX single-shot experiments at 23.7 eV (52.3 nm). 
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First measurement 

Al LII,III 72eV 
Al film 
53 nm 

FLASH Hamburg (2009) 

15fs 

92eV 14 



Simplification of the process 

15 (93 eV for second excitation) 



0.85~1.7 fs Thermalization time 
 (Nagler et. al. Nature 2008) 

16 



Three state model for core excitation 
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Theoretical model 

Hatada and Di Cicco, J. Elec. Spec. Rel. Phen. (2014)  
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Absorption 

Stimulated emission 

Decay 
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Numerical code 
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Comparison with calculations 
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Observation of the attenuation 
with the fluence 

n 
In the low fluence limit the attenuation 
is decreasing exponentially with the 
thickness (Lambert-Beer) while above 
the saturation threshold (about 1 J 
cm2) linearly. 

Exponential decay 
(Lambert-Beer) 

Linear decay: 
(Non linear) 
Appropiate 
Homogeneous 
heating 
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Long pulse steady state model 
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Lambert Omega function 

For high fluence regime,  
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Theoretical model 

Hatada and Di Cicco, J. Elec. Spec. Rel. Phen. (2014)  
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Absorption 

Stimulated emission 

Decay 



Short pulse model 

26 

Frantz-Nodvik model:  
Assuming the lifetimes are infinitely long, so that decaying part are dropped off 

For high fluence regime,  

Lifetimes are disappeared 
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Theoretical model 

Hatada and Di Cicco, J. Elec. Spec. Rel. Phen. (2014)  
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Absorption 

Stimulated emission 

Decay 
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Comparison with steady state 
approximations 
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Dynamics at the end surface 
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Hatada, Di Cicco App. Sci. (2017) 

Time dependence of the density of 
occupation numbers (normalized by the total 
number N) at the end face of Al thin film. The 
solid curves and dotted lines are estimated 
by the three channel model and Long pulse 
model, respectively. After some time, the 
curves asymptotically approaches to the 
steady state of Long pulse model. In the 
region of the light blue shade, the system 
has reached a steady state. After about 30 fs 
which is the total pulse width, the excited 
state decays exponentially. The averaged 
experimental data are indicated by red points 
with the errors. 
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Two Photon Absorption (TPA) 
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N2 

N1 

NT 

Two photon 
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Two Photon Absorption (TPA) 
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Time dependence of the density of 
occupation numbers (normalized by the 
total number N) at the end surface of 
the Al thin film (53nm), using the two-
photon absorption (TPA) contribution at 
92 eV photon energy (FEL pulse). The 
TPA cross section σ2 is set to 
10−50cm4s. 
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15 J/cm2 

150 J/cm2 
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Saturation by TPA 
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Comparison with steady state 
approximations 
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TIMEX experiment 

Decrease is observed 

Increase 

Al film 
100 nm 

100fs 

30eV 
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Nonlinear absorption of Al thin-
film by EUV-FEL 

n  Calculations (photon energy 
30 eV) shows an increased 
opacity under different 
conditions while saturation 
effects start above 20 J/cm2 
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Combining optical saturation and 
temperature effect for EUV  
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Another experimental run performed at 37.3 nm and 33 nm (33.5 and 37.5 eV) with 
improved collection strategies 
Observation of a slightly decreased transmittance (10%) at intermediate fluence (1-2 J/
cm2), followed by a rise up to 10-20 J/cm2. 
Calculations reproduced both features decrease (due to temperature) and increase (due to 
saturation) opacities 
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Combining optical saturation and 
temperature effect for EUV  
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Transmission with thickness and 
fluence 
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END of Talk 
Thank you for your attention! 

 
More infos can be found in ... 
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