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Photons and photoelectrons can transfer significant linear momentum as well as angular
momentum in the processes of x-ray absorption, scattering, and ionization. The related recoil-
induced vibrational and rotational excitations have received significant attention in x-ray
spectroscopies. However, due to the limited resolution of conventional X-ray spectrometers,
the rotational structure cannot be resolved directly through x-ray spectroscopies. We proposed
here several x-ray spectroscopy methods allowing for direct probing of the recoil-induced
ultrafast nuclear dynamics, including recoil-induced fragmentation of the molecule, recoil-
induced ultrafast molecular rotation probed by dynamical rotational Doppler effect, and time-
resolved all X-ray pump—probe spectroscopy of recoil-induced rotation. It was found that the
large recoil energy delivered to vibrations and rotations can not only changes the vibrational
progression structure but can also breaks the chemical bond. The recoil-induced rotation can be
probed by subsequent Auger electron emission shown as asymmetrical features in the Auger
electron spectra or probed by a time-delayed short probe X-ray pulse visualized as the revival
structures in the x-ray absorption spectra.
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