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Fig. 1. Schematic illustration of the electron tunneling pro-
cess in shape resonance. The blue curve indicates the centri-
fugal potential of the electron as a function of the distance
to the nuclei. During the shape resonance process, the elec-
tron is temporally trapped by the centrifugal potential bar-

rier, and then tunnels into the continuum state.
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Fig. 2. Schematic diagram of the pump-probe experiment.
The pump light is extreme ultraviolet attosecond pulse
train (XUV-APT) generated by high-order harmonics gen-
eration process, and the probe light is NIR. Positive ion
fragments and electrons are generated on an ultrasonic mo-
lecular beam in COLTRIMS. Two beams are focused re-
spectively and reach on the ultrasonic jet in COLTRIMS to

generate positive ion fragments and electrons.
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Fig. 3. Schematic diagram of RABBIT method. The left fig-
ure shows the experimentally measured attosecond photo-
electron spectrum of argon atoms. The pump-probe time
delay integrated photoelectron kinetic energy distribution is
shown in the right panel including the main peaks and side-
bands. The ¢" sideband electron is generated wvia the
quantum interference between the pathways populated via
the single NIR photon absorption and emission from the

main peaks of the (¢ — 1) and (¢ + 1)" order.
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Fig. 4. (a) Electron wavefunction distribution of NO 4¢ ground state. The N and O nuclei is located at z = 0.60 A and z = -0.55 A.

The sign of electron wave function is marked in green and red; (b) electronic wave function distribution of the o* resonance state,

which is trapped in a centrifugal potential in the classical presentation.
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Fig. 5. Attosecond photoelectron spectra of the electron released from (a) Ar atom 3p state (I, = 24.58 eV ); (b) He atom 1s state

(Ip = 24.58 eV ); (c) NO molecular 40 orbital (I, = 21.73 eV ).
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SPECIAL TOPIC—Attosecond physics

Precise measurement of attosecond dynamics of
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Abstract

Shape resonance is an important and ubiquitous phenomenon in the process of molecular scattering and
photoionization. The study of the attosecond photoemission time delay in the vicinity of the shape resonance is
of great significance for understanding its intrinsic origin on a nature time scale of electron motion. In this
paper, an advanced attosecond coincidence interferometer consisting of a near-infrared femtosecond light source
and an extreme ultraviolet attosecond pulse train is used to study the shape resonance process of the 4o
electron of nitric oxide molecules via reconstructing attosecond harmonic beating by measuring the interference
of two-photon transitions (RABBIT). The energy dependent effective ionization time delay in the vicinity of the
resonance energy region is reported. By comparing the relationship between the two-photon transition delay and
the one-photon transition delay, it is found that the Wigner delay of the single-photon process is the main
reason for the two-photon transition delay changing with energy. The effect of continuum-continuum delay is
further explored. Theoretical calculations of the initial state (bound state) and final state (resonance state)
electron wave function orbits of the resonance show that the shape resonance assisted time delay is dominated

by the electrons trapped in the centrifugal potential barrier.
Keywords: shape resonance, attosecond photoionization time delay, attosecond coincidence interferometer
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