
Time resolved photoelectron imaging of polyatomic molecules
with 15 fs UV pulses

T. Fuji1,2,3, Y.-I. Suzuki1,2,4, T. Horio1,2,4, and T. Suzuki1,2,4

1Chemical Dynamics Laboratory, RIKEN Advanced Science Institute, Hirosawa 2–1, Wako, Saitama, 351–0011, Japan
2Japan Science and Technology Agency, CREST, Sanbancho, Chiyoda-ku, Tokyo, 102–0075, Japan

3Institute for Molecular Science, 38 Nishigonaka, Myodaiji, Okazaki 444-8585, Japan
4Department of Chemistry, Graduate School of Science, Kyoto University, Kyoto 606-8502, Japan

Ultrafast electronic spectroscopy can track the motion of a nuclear wave packet by determining the time dependence of the
spectral distribution [1]. However, the distribution is not necessarily sensitive to ultrafast changes in the electronic charac-
ter. A more general and direct indicator of electronic character is the electronic transition dipole moment. In photoelectron
spectroscopy, the transition dipole moment from a nonstationary state to the ionization continuum varies with nonadiabatic
electronic transition, resulting in the variation of the photoelectron angular distribution (PAD). In the present work, we em-
ployed time-resolved photoelectron imaging (TRPEI) [2] to visualize the time dependence of the photoelectron kinetic energy
(PKE) distribution and PAD simultaneously with an unprecedented time resolution of 22 fs, and we clarified how internal
conversion in this benchmark system can be detected by photoelectron imaging.

The details of the experimental setup were shown in elsewhere [3]. 15-fs two-color ultraviolet pulses (260 nm and 200 nm)
were produced by four-wave mixing of fundamental and second harmonic of ultrashort pulses from Ti:sapphire amplifier in
Ne [4]. The pump (260 nm) and probe (200 nm) pulses were focused onto a supersonic molecular beam of pyrazine seeded
in He. The photoelectrons generated by the (1+1’) pump-probe photoionization were projected onto a two-dimensional (2D)
position-sensitive detector, and 3D photoelectron velocity distributions were reconstructed.

Figure 1(a) shows the pump-probe photoelectron intensity as a function of time. The pump pulse is resonant with the
S 2 ← S 0 transition near its origin, and the probe pulse spectrum slightly overlaps with S 3 ← S 0. Except for an oscillatory
feature due to a vibrational quantum beat, the time profile is well explained by three components, i.e., rapid decay and a
corresponding growth in the positive time range and decay in the negative time range. These respectively correspond to the
decay of the optically excited S 2 (dotted line), the corresponding growth of S 1 (broken line) by internal conversion from S 2,
and the decay of S 3 (dash-dotted line). The last component originates from the 200 nm pump and 260 nm probe process in the
negative time range. From the least-squares fitting, we obtained the S 2 → S 1 internal conversion time constant to be 23±4 fs.

We have determined the 2D map of anisotropic parameter (β2) of photoelectron as a function of PKE and time as shown
in Fig. 1(b). Positive and negative β2 correspond to the preferential ejection of an electron parallel and perpendicular to the
ionization laser polarization direction, respectively. A rapid change in β2 is clearly identified within 30 fs at approximately
PKE=0.9 eV. Since a molecule cannot rotate within such an ultrashort time period (<50 fs), this change is solely attributed to
the ultrafast evolution of the electronic character due to the S 2 → S 1 internal conversion.
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Fig. 1 (a) Temporal profile of total photoelectron signal in (1+1’) REMPI of pyrazine via S 2. (b) Photoelectron anisotropy
parameter β2 determined for each time delay and PKE.
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