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Abstract: Via extreme ultraviolet free electron laser pump and near infrared laser probe
experiments for rare-gas clusters, we found clear enhancement of highly charged ions when
EUVFEL and NIR pulses overlap, indicating efficient heating of nano-plasma.
OCIS codes: (020.2649) Strong field laser physics, (020.4180) Multiphoton processes

1. Introduction
Recent developments of the free electron laser (FEL) light sources based on self-amplified spontaneous-emission
(SASE) invoke new research fields on the interaction of matters with intense laser pulses in the short wavelength
region. Rare-gas clusters are one of the ideal samples to investigate the interaction of matters with the intense laser
because of their simple electronic structure and the size controllability. Electron spectra of rare-gas clusters
measured in the extreme ultraviolet (EUV) spectral region [1-3] suggested the formation of nano-plasma state as a
result of intense EUVFEL irradiation, and molecular dynamics (MD) simulation studies give the microscopic insight
into the mechanisms of nano-plasma formation by the intense FEL pulses [4-7]. MD simulations for small rare-gas
clusters [8] also suggested a scheme to investigate the dynamics of nano-plasma using pump-probe techniques with
near infrared (NIR) laser, by seeing the enhanced energy absorption due to the resonant surface plasma resonance.
Triggered by these pioneering works, we carried out EUVFEL pump - NIR laser probe experiments at the SPring-8
compact SASE source (SCSS) test facility [9], which delivers intense FEL pulses in the EUV spectral region of
=51~ 61nm.
2. Experiment
We have carried out time-of-flight (TOF) measurements of fragment ions from xenon clusters (N~5,000) and neon
clusters (N~5,000) as a function of delay time between the EUVFEL pulse (=51nm for xenon clusters and 61nm
for neon clusters) and the NIR laser pulse (=800nm).
Figure 1 is the schematics of experimental apparatus. Our apparatus is equipped with velocity map imaging
(VMI) spectrometer for ion and electron detection, and a pulsed cluster source. The cluster beam is produced by the
supersonic expansion of sample gas. The focusing system consists of a pair of elliptical and cylindrical mirrors
coated with SiC. We have installed two sets of light baffles between the mirror system and the detection chamber, to
remove scattered light from focus mirrors. Spatial overlap between EUVFEL and NIR laser has been achieved by
seeing the ion image of xenon atom using the imaging detector. In order to find the temporal overlap, we observed
the increase of He+ (@51nm) and Ne2+ (@61nm) ions in TOF spectra.
3. Results and discussions
Figure 2 shows the ion TOF spectrum for the xenon clusters. We found notable enhancement of ion yields especially
in the highly charged ions when the EUVFEL pulses temporally overlapped with the NIR laser pulses. We
confirmed the emission of energetic highly charged xenon ions up to around Xe15+ for xenon clusters from the
analysis of TOF spectra, suggesting the enhanced heating of nano-plasma due to surface plasma resonance. The
presence of surface plasma resonance gives an evidence for the nano-plasma formation from rare-gas clusters by
intense EUVFEL irradiation.
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Figure 1. Schematics of experimental apparatus

Figure 2. Ion TOF spectra of xenon clusters recorded by EUVFEL pump – NIR
probe measurements. Blue line: TOF spectrum recorded by only FEL irradiation,
red line: TOF spectrum by FEL + NIR laser with a delay time of 2ps, black line:
background spectra recorded without the cluster beam.

We found similar enhancement of highly charged ions for neon clusters. In addition, clear difference is found in
the delay time response of ion yields between xenon clusters and neon clusters. Ion TOF spectra of xenon clusters
showed the increase of highly charged ions until ~20 ps after the irradiation of EUVFEL pulse, whereas highly
charged ions from neon clusters vanished quickly (<2ps). Such difference could be associated to the difference of
the nature of nano-plasma created by EUVFEL irradiation. We discuss the FEL-induced dynamics of rare-gas
clusters based on our experimental data.
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