QUANTUM CHEMISTRY

Annual Research Highlights

(1) “Attosecond nonlinear Fourier transformation
spectroscopy of CO, in extreme ultraviolet
wavelength region”

With the generation of intense ultrashort XUV light via
high-order harmonic generation, it is expected that
dynamical behavior of atoms and molecules can be
investigated by a pump-and-probe measurement with the
ultimately high shutter speed. However, another
characteristic and important feature of such attosecond
pulses, that is, their wide spectral bandwidth has not been
explored yet. The interferometric autocorrelation (IAC)
functions of attosecond pulse train (APT) in the time
domain were measured by detecting the atomic and
molecular fragment ions generated via two-photon
absorption of intense VUV~XUV light by CO,.

The APT was generated by focusing the output of a CPA
laser system to a gas cell filled with Xe, and the generated
high-order harmonics were spatially divided into two by a
beam splitter composed of two Si plates. The generated
APT was focused by a SiC concave mirror at a molecular
beam, and the ions were detected by a time-of-flight mass
spectrometer (TOFMS). The IAC was recorded from -3
to +3 fs by moving one of the two Si plates. The temporal
delay At between the two harmonic pulses was varied
stepwise with a step corresponding to 27 attoseconds.

It was demonstrated that the Fourier transformation of
the IAC functions of the respective fragment ions
appearing in a TOFMS exhibit spectroscopic information
in the frequency domain corresponding to the two-photon
photofragment excitation spectra of molecules. For
example, the frequency spectrum of CO,** exhibits a peak
with the dominant intensity at the frequency of the 13th
harmonic. Furthermore, the frequency domain spectrum
of C*, in which peaks are observed at 9th, 11th, and 13th,
indicates that the fragment ions of C* can be generated
from a two-photon absorption process of two harmonics
ranging between 9th and 13th.
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Fig. 1 Fourier transform spectra obtained from the 1AC traces of
(a) CO,*, (b) C*, (c) O" and (d) CO*. ay is the frequency of the
fundamental laser light.
1.(1)-1) J. Chem. Phys., 129, 161103 (2008).

(2) “Dissociative two-photon ionization of N, in
extreme ultraviolet by intense self-amplified
spontaneous emission free electron laser light”

Recent development of intense light sources enabled us
to investigate responses of atoms and molecules in
intense light fields, from which a variety of new
phenomena have been  discovered such as
above-threshold ionization, Coulomb explosion, ultrafast
structural deformation, multiple ionization, and ultrafast
hydrogen migration. Compared with the investigations
done in the near infrared wavelength region, only a
limited number of studies have been reported on the
responses of atoms and molecules to intense light fields
in the one-order of magnitude shorter wavelength regions
such as vacuum ultraviolet (VUV) and extreme ultraviolet
(XUV). Even though a scaling law with respect to the
wavelength has been theoretically proposed regarding
ionization processes in intense light fields, it has not been
understood well how electron-electron correlation appears
and how nuclear motion couples with electron dynamics.

SCSS in RIKEN SPring-8 center is SASE (Self
Amplified Spontaneous Emission) type compact FEL and
its features are high energy (more than 30 pJ) and high
energy stability (0+<10%). When using an FEL light
source, the light field intensity at the XUV wavelength
region could potentially be much higher, and the so-called
intense field regime (>10™ W/cm? at 50 nm) can be
reached at this very short wavelength region.

The photo ionization of nitrogen molecules by
irradiating XUV-FEL light was measured. Dissociative
multiple ionization processes of N, were investigated by
irradiating N, with intense XUV light at 50 ~ 60 nm
generated by SCSS. Fragment ions, N* and N," which
had kinetic energy release, from N, were observed. From
the analysis of the momentum distribution of N* ejected
through the Coulomb explosion of N, and by intensity
dependence between the vyields of N," and N, it was
confirmed that double ionization of N, occurred by the
two-photon absorption of the XUV light. This result
shows the first step of ultra fast intense laser science
using intense FEL light.
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Fig. 2 Time-of-flight mass spectrum of N..

2. (1)-5) Appl. Phys. Lett. 92, 154103 (2008).
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