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Novel X-ray Free Electron lasers (FELs) bear the 
potential to capture high-resolution images of the 
nanoscale world with high spatial and temporal 
resolutions in the native environment and at room 
temperature. One of major limiting factors for X-ray 
imaging is the inherent damage of the sample, which 
depends on the flux and pulse length, and is the 
subject of an ongoing debate. In principle, all matter 
exposed to intense X-ray flashes is highly ionized 
within femtoseconds. Rapid Auger electron emission 
and secondary electron cascades strip off the atoms 
from the inside out, especially in the case of heavy 
atoms [Young2010]. It has been demonstrated that 
sample explosion/degradation can be detected 
already on the femtosecond time scale 
(Neutze2000, Son2011, Chapman2011, Bostedt2012, 
Ferguson2016, Nass2015,). X-ray diffraction recorded with sub-femtosecond pulses beats the Auger 
processes clock and enters a novel regime before significant nuclear damage or electronic relaxation 
processes can occur.  
 
For the first time, we recorded high-resolution coherent X-ray diffraction images of Xe nanoparticles using 
single sub-femtosecond pulses now available at the Linac Coherent Light Source (LCLS) at SLAC. The X-ray 
Laser-Enhanced Attosecond Pulses (XLEAP) project produces sub-fs current spikes by modulating and 
compressing the electron beam [XLEAP2017]. We recorded a large single particle diffraction data set in 
the vicinity of the Xe M-shell absorption edge. Our data set includes a photon energy scan over 50 eV, 
different soft X-ray fluxes, a variety of X-ray pulse lengths. I will talk about the results of the initial analysis 
of our data, which indicates several surprising findings. First, even if structural damage is negligible, 
electronic damage seems to dramatically modify and reduce the scattering yield by a factor of almost 100 
near resonance for 200 fs pulses. Second, our data indicates that scattering cross sections above the 
absorption edge can increase compared to linear models if the sample is exposed to sub-fs pulses. Also, 
electronic damage seems to play a role even before any relaxation processes can occur. Third, the overall 
resonance shape changes seem to be characteristic for certain pulse lengths and might be used for a 
simple assessment of the FEL pulse length and flux in the focus.  
 
The outcome from our experiment is a significant step forward for time-resolved imaging studies of 
optical light induced dynamics such as plasmons, charge transfer and plasma heating mechanisms with 
sub-cycle precision. In addition, further understanding of transient scattering cross-sections will 
advance a variety of imaging methods based on near-resonance effects of heavy atoms, such as 
MAD [Sang-Kil2011a], and might soon become relevant for imaging experiments with future high-flux 
HHG sources. 
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