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Fig. 1. The harmonic emission spectra of 38 TW (solid

black line), 48 TW (red dotted line) and 56 TW (green

dotted line).
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Fig. 2. The change of intensity of the high harmonic emis-

sion with the changes of the incident laser intensity.
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SPECIAL TOPIC — Atomic and molecular processes driven by ultrafast intense laser fields

The influences of multiphoton excitation on
near-threshold Harmonic emission in atoms®

Zhang Di-YuY?  Li Qing-YiY?  Guo Fu-Ming"?  Yang Yu-JunY??

1) (Institute of Atomic and Molecular Physics, Jilin University, Changchun 130012, China)
2) (Jilin Provincial Key Laboratory of Applied Atomic and Molecular Spectroscopy (Jilin University), Changchun 130012, China)

( Received 1 September 2016; revised manuscript received 2 November 2016 )

Abstract

When an atom or a molecule interacts with an intense laser field, a coherent high-order harmonic emission is
observed at a frequency that is an integer multiple magnitude of the initial frequency of the incident laser field. The
harmonic emission has the characteristic of high emission efficiency at relatively high orders, and it also has a wide
expansion in the frequency domain. Thus, the high-order harmonic generation can be utilized to generate coherent EUV
or soft X-ray light sources as well as ultrashort at to second laser pulses. It is promising that the attosecond laser pulse
will be an important tool for detecting and controlling the electron dynamics in atom and molecule systems.

The mechanisms of high-order harmonics especially the high energy part of the harmonic spectrum can be explained
by the well-known three-step model. The three-step model assumes that the electron in the bound state firstly are ionized
by the potential barrier formed by the laser electric field and the atomic potential, then the ionized electrons oscillate
in the laser field, and finally the electron with high kinetic energy gained in the laser field has the possibility to return
back to the parent ion and recombines with the ground state of the system with a high energy photon emitted . As
for harmonics with low orders, especially those with single photon energy near the ionization threshold, the Coulomb
potential of the atom has significant influences on them. However,the effect of the Coulomb potential of the atom are not
included in the three-step model, so the mechanism of near-threshold harmonics (NTH) cannot be clearly interpreted
with the three-step model alone. In this circumstance, the study of the mechanism of near-threshold harmonic emission
attracted people’s attention in general. One important application of NTH is that it can be utilized to generate optical
comb with EUV frequencies.

Theoretically, Xiong et al. studied the mechanism of below-threshold harmonic (BTH) emission and found that the
mechanism of this part of harmonics include the effect of the quantum-path interference and the Coulomb potential. He
et al. analyzed the emission of BTH in various laser intensity regions and found that the harmonic spectrum exhibits
a periodic structure as a function of the harmonic frequency when the incident laser intensity is about 10*® W/cm2.
Utilizing the quantum-path and time-frequency analyses of the harmonic emission, He et al. indicated that this periodic
structure can be attributed to the interference effect between two specific quantum paths. Li et al. adopted the
synchrosqueezing scheme to study the near- and below-threshold harmonic emission of Cs atoms in an intense mid-
infrared laser field and they showed that the multiphoton and the multiple rescattering trajectories have an effect on the

NTH and BTH generation processes. Shafir et al. found that the ionic potential plays an critical role in NTH emission.

* Project supported by the National Basic Research Program of China (Grant No. 2013CB922200), the National Natural
Science Foundation of China (Grants Nos. 11274141, 11264001, 11304116, 11534004, 11627807), and the Jilin Provincial
Research Foundation for Basic Research, China (Grant No. 20140101168JC).
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Under the interaction between the atom and the intense laser field, electron in the ground state not only can be ionized
but also be pumped into excited state, and these excitation processes also affect the harmonic emission.

We studied the harmonic emission process near the ionization threshold by solving the time-dependent Schrédinger
equation of an atom interacting with a strong laser field. Utilizing the obtained wavefunction, we systematically studied
the high-order harmonic emission with the variation of the incident laser intensity. Meanwhile, through solving the
TDSE with the momentum-space method, the excited-state population is precisely calculated and achieved. We show
that the ninth harmonic exhibits a periodic oscillation structure with the intensity of the incident laser field increasing,
and we reveals that there is a synchronous variation between the harmonic intensity and the relatively high bound
state population.Within a certain range of laser intensity, the increase of the total population of the excited states
corresponds to the low efficiency of harmonic emission, and this competition relationship is quite clear. Therefore, when
the wavelength of the driving laser pulse is fixed, we can optimize the driving laser intensity to achieve the near-threshold

harmonic emission with high efficiency.

Keywords: high-order harmonic generation, ionization threshold, multi-photon excitation
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