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High-Resolution Infrared Spectroscopy of O:H" in a Cold Trap
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[Abstract] The protonated oxygen molecule, O2H", and its helium complex, He-O2H", have
been investigated by vibrational action spectroscopy in a cryogenic 22-pole ion trap. For the
He-O2H" complex, the frequencies of all three vibrational bands have been determined by
predissociation spectroscopy. The elusive O2H' has been characterized for the first time by
high-resolution rovibrational spectroscopy via its vi OH-stretching band. Thirty-eight
rovibrational fine structure transitions with partly resolved hyperfine satellites were measured.
Spectroscopic parameters were determined by fitting the observed lines with an effective
Hamiltonian for an asymmetric top rotor in a triplet electronic ground state, X>A”, yielding a
band origin at 3016.73 cm™’. Based on these spectroscopic parameters, the rotational spectrum
is predicted.
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The Ortho-to-para Ratio of Water Molecules Photodesorbed from Ice
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[Abstract] Recent observations of interstellar space and cometary comae have reported the
existence of gaseous H,O molecules with anomalous ortho-to-para ratios (OPRs) less than the
statistical value of 3. This has been used to estimate the formation temperature of ice on dust,
which is inferred to be below 50 K. However, the mechanism that determines the OPR of H,O
desorbed from ice is unclear, and the true meaning of the observed OPRs remains debated. We
measure the OPR of H,O photodesorbed from ice made from para-H,O monomers at 11 K,
which was prepared by the sublimation of Ne from a para-H,O/Ne matrix. The photodesorbed
H,O molecules have the statistical OPR value of 3, demonstrating the immediate
nuclear-spin-state mixing of H,O toward the statistical value. Our results indicate that the
OPR of H,O desorbed from interstellar ice cannot be used to deduce the ice-formation
temperature. This study highlights the importance of gas-phase processes in understanding
anomalous abundance ratios of nuclear-spin isomers of interstellar H,O molecules.
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Fig. 1. (a) Rotational energy levels of
H,0 in the gas phase. The energy
difference between the lowest ortho-
(Jkake = o) and para- (Jxake = Ooo)
rotational levels is 4E,, = 34.2 K
(23.8cm™). (b) OPR of H,0 as a
function of temperature. Note that
this temperature curve only applies to
H-,0 in the gas phase (free rotors) [4].
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Fig. 3. (@) The 2 + 1 REMPI spectrum of
photodesorbed H,O after 157 nm
photoirradiation of ice obtained after the
para-H,O/Ne matrix sublimation at 11 K.
(b) Simulated spectrum with To; = Tepin =
150 K. (c) Reference simulations with T,y
=150 K and Tgyin = 6 K (black), and 11 K
(gray). Indications (J ka ke’ - Jkaxc) are
rotational assignments of the two-photon
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Jkake) transition in H,O, where “0” and “p”

represent ortho and para, respectively [4].
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Photoelectron spectroscopy of photoionization of liquid methanol

and solvated electron formation
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[Abstract] A microjet of liquid methanol was photoexcited with femtosecond 133-nm laser
pulses, and subsequent solvated electron formation was explored using time-resolved
photoelectron spectroscopy using 267-nm laser pulses. The photoelectron signal diminished in
the subpicosecond time region, which was followed by spectral evolution due to solvation and
vibrational relaxation in the ground state of solvated electron. In order to characterize the initial
state within 1 ps after photoexcitation, we have performed scavenging experiment using NOs".
Addition of NO3™ has reduced the entire photoemission signal intensity but not altered the time
profile noticeably. Since the 133-nm photoexcitation is not expected to reach the conduction
band of methanol, the initial trapping state is likely to be the ground electronic state created by
an adiabatic charge transfer to solvent reaction. Comparison with previous transient absorption
spectroscopy is also discussed.
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Figure 1 (a) Time-resolved photoemission spectra
of liquid methanol measured as a function of the pump
(133 nm) — probe (267 nm) delay time. NaCl was
added at the concentration of 30 mM to reduce
electrokinetic charging. (b) Similar spectra of
methanol vapor measured by placing the liquid
microjet 0.2 mm away from the ionization region. A
constant has been added to the actual delay (¢lot = firue
+ 0.2 ps) to shift the entire distribution and diplay the
data around ¢ = 0. The time label and grids are

presented for frue.
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Photoelectron asymmetry parameter of degenerate orbitals: The role
of time-reversal symmetry

Yoshi-ichi Suzuki
School of Pharmaceutical Sciences, Health Sciences University of Hokkaido, Japan

[ Abstract] The photoelectron asymmetry parameter S characterizes the direction of
electrons ejected from a randomly oriented molecular ensemble by linearly polarized light.
Symmetry properties of f is investigated in effective operator formalism. We show that £ is
totally symmetric under the symmetry operation of the point group of a molecule, and it has
mixed properties under time reversal. Therefore, all degenerate molecular orbitals, except for
the case of degeneracy due to time reversal, have the same S due to the Wigner-Eckart
theorem. The exceptions are e-type complex orbitals of the Cy, Sn, Cnn, T, and Tn point groups.
However, including those point groups, all degenerate real orbitals have the same f. We
discuss the implications of this operator formalism for molecular alignment and photoelectron
circular dichroism.
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Fig. 1 (a) Molecular orbitals of boric acid,
from which complex orbitals ¢ = 2-V2(gti
@) are defined to be Cs¢: = exp[+2in/3] @:.
(b) Photoelectron asymmetry parameters
for 4e’ orbitals of boric acid for ¢.(solid),
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Fourier synthesis of femtosecond laser fields
using quantum control of molecular tunneling ionization

oHideki Ohmura, Tsuyoshi Yoshida, Naoaki Saito
National Institute of Advanced Industrial Science and Technology

[Abstract] We have investigated Fourier synthesis of femtosecond laser fields consisting of
fundamental, second harmonic, and third harmonic light with a duration of 130 femtosecond
and an intensity of 5x10" W/cm? using quantum control of molecular tunneling ionization.
We will propose a methodology to estimate relative phase differences between the
fundamental light and each harmonic light from the phase-dependent behaviors of
orientation-selective molecular tunneling ionization.
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Association reaction of gaseous C¢H14 in femtosecond laser filament:
Laser-field parameter dependence

oAkitaka Matsuda', Kasumi Hashigaya', Misato Sawaki', Akiyoshi Hishikawa'~
! Department of Chemistry, Nagoya University, Japan
2 Research Center for Materials Science, Nagoya University, Japan

[Abstract] Laser-field parameter dependence of the association reactions of gaseous CsHi4
in femtosecond laser filaments is studied. Characterization of the products has shown that
short polyynes, CsH2 and CsHz, are formed from CsHi4 by the strong interaction with intense
laser fields. The intensity dependence of the polyyne yield shows that CsHz has larger
non-linearity compared to CsHz. Besides, decrease in the polyyne yield was observed when
circular polarized laser pulse was used instead of linear polarization. It is suggested that the
polyynes are formed among collision between fragments, thus leading to higher nonlinearity
for CsH2 production in which larger number of fragments are required. The polarization
dependence is well interpreted by considering the difference in electric field strength achieved
by linear and circular polarization for the same pulse energy. Therefore, it is suggested that
the electric field strength is the key parameter to understand the association reaction in
femtosecond laser filament.
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Fig. 1. (a) UV absorption spectra of the product solution. (b) Laser intensity and polarization dependence of
the production of the polyynes.
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Circularly polarized high harmonic generation from chiral molecules

oYoichi Harada, Eisuke Haraguchi, Keisuke Kaneshima, Taro Sekikawa
Department of Applied Physics, Hokkaido University, Japan

[Abstract] The enantiomers of chiral molecules have been distinguished by circular dichroism
of photoabsorption and optical rotation using circularly polarized (CP) light. In this study, we
found a new chiroptical property; CP high harmonic generation (CP-HHG) from a chiral molecule,
limonene, by a CP counter-rotating two-color laser field possesses circular dichroism. A high
harmonic spectrum from a limonene enantiomer depends on the combination of the chirality of
the enantiomer and the rotation direction of the superimposed two-color laser field in comparison
with that of an achiral atom, helium. From R-enantiomer, the harmonic orders with clockwise
polarization are generated more efficiently than those with counterclockwise polarization and
vice versa. CP-HHG can be a sensitive probe of the chirality of biomolecules on the femtosecond
and attosecond timescales.
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Fig. 1. Experimental setup. Fig. 2. High harmonics spectra from (a) He, (b) S-
limonene, and (c) R-limonene, generated by the
synthesized laser field by the CP o and 2.
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Electron-induced dissociative ionization of O studied by

electron-ion coincidence spectroscopy
oNoboru Watanabe, So Yamada, and Masahiko Takahashi
IMRAM, Tohoku University, Japan

[Abstract] We report an (e, e+ion) spectroscopy study on electron induced dissociative
ionization of Q2. Vector correlation between the scattered electron and the fragment O' ion
has been measured at incident electron energy of 1.4 keV for the inner-valence ionization of
0. By analyzing the data, fragment-ion yield spectra have been obtained for transitions to the
B 2%, and c *Z, ion states, allowing us to examine the state-specific momentum transfer
dependence of dissociative ionization. The angular distributions of O have subsequently been
examined for the ¢ X, ionization in order to explore momentum-transfer-dependent
stereodynamics in electron-O; collision processes.
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Atomic momentum spectroscopy of rare gas atoms and diatomic molecules:
Towards visualization of atomic motions during a chemical reaction

oMasakazu Yamazaki, Yuichi Tachibana, Masahiko Takahashi
Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Japan

[ Abstract]

We report quasi-elastic electron backscattering spectroscopy studies on rare gas atoms and
diatomic molecules to develop a protocol to extract information on intramolecular atomic
motion from the observed electron energy loss spectra. The observed band shape measured for
He, Ne, Ar, Kr, Xe were almost indistinguishable from each other and hence we have found
that the spectra of rare gas atoms can be used as the instrumental response function.
Furthermore, it was found that, by using the instrumental response function, the band profiles
measured for diatomic molecules can be well described by the spherically-averaged atomic
momentum distribution due to molecular vibration. Based on this achievement, together with
the developments of the highly-sensitive spectrometer, we are now attempting to extend this
type of experiments from the static to the time-resolved regime.
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