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4)) “Carrier-envelope-phase dependence of
asymmetric C-D bond breaking in C2D: in an
intense few-cycle laser field”

We have investigated the carrier envelope phase (CEP)
dependence in the ejection direction of D* ions generated
via Coulomb explosion pathway, C;D,?* — D* + C.D*,
induced by intense few-cycle laser pulses.

The experimental apparatus consists of a CPA
femtosecond Ti:sapphire laser system, a hollow-core fiber
pulse compression system, an ultrahigh vacuum chamber

for ion momentum imaging and a single-shot phase meter.

The few-cycle laser pulses, whose pulse duration was 4.5
fs, were generated by introducing the output pulses of the
laser system into the pulse compression system. The
generated few-cycle laser pulses were split into two by a
beam splitter. One of them was introduced into the phase
meter to record the CEP and the other was guided into the
vacuum chamber to record the momentum vectors of
fragment ions generated from C;D,. From the
coincidence measurements of the fragment ions and the
CEP of few-cycle laser pulses, the CEP dependence of the
momentum of fragment ions was investigated.

Figure 1 shows the mean momentum of C,D,* and an
asymmetry parameter Paym for the ejection direction of
D* ions generated via the Coulomb explosion pathway as
a function of the CEP (¢us). The Pasym Was defined as

Pasym(¢abs) = I“Pper(¢abs) - Ilower (¢abs)

Iupper(¢abs) + Ilower(¢abs) ,

where lypper and liower represent the yield of the D* ions
whose ejection angles respect to the laser polarization
direction are less than 45 degrees and lager than 135
degrees, respectively. The Paym varies by about 1.6 %
depending on the CEP, indicating that asymmetry is
induced in the electron density distribution by the intense
laser fields, so that two C-D bonds in C;D2?* become
inequivalent in the intense laser field.
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Fig. 1 The CEP dependence of the asymmetry parameter Pasym
(M) and the mean momentum (A).
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(2) “Laser-assisted  electron  diffraction for

femtosecond molecular imaging”

We have recorded a laser-assisted electron diffraction
(LAED) pattern of CCls appearing in the angular
distribution of laser-assisted electron scattering (LAES)
signals and have shown that it is well reproduced by a
numerical calculation using the geometrical structure of
CCla.

The apparatus used in this study consists of an electron
gun, a gas nozzle, a toroidal-type electron energy analyzer,
and a two-dimensional detector. A monochromatic
electron beam with the kinetic energy of 1 keV crosses
both a laser beam (1 = 800 nm, Av = 1.55 eV, r = 520+50
fs, I = 6x10' W/cm?) and an effusive CCls beam at right
angles. The kinetic energy distribution and the angular
distribution of the scattered electrons are resolved by the
toroidal-type electron energy analyzer and imaged on the
two-dimensional detector.

Figure 2(a) shows a kinetic energy spectrum of the
scattered electrons, where the horizontal axis is the
amount of the energy shift (AE) of the electrons after the
scattering process. The signal intensities are normalized
with respect to the peak intensity at the zero energy shift
(AE = 0 eV). The increases in the signal intensities
originating from the LAES processes are recognized at
AE = £1.55 eV and +3.10 eV. The filled circles in Fig.
2(b) show the angular distribution of the observed LAES
signals at AE = +1.55 eV. A clear interference structure
with a minimum at around 5.5 degrees and a maximum at
around 9.0 degrees can be identified. In order to
confirm the origin of this interference pattern, we
conducted a numerical simulation by adopting the
structural parameters of CCls at room temperature. The
simulated diffraction pattern represented by the solid
curve in Fig. 2(b) is in good agreement with the
experimental data, showing that geometrical structure of
molecules at the moment of the laser irradiation can be
determined with high precision by the LAED method.
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Fig. 2 (a) A kinetic energy spectrum of the scattered electrons by
CCls in a femtosecond laser field. (b) Experimental (filled
circles) and simulated (solid line) angular distributions of the
LAES signals at AE = +1.55 eV.
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