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Fig. 1. Excitation scheme of two-photon transition by a
femtosecond chirped pulse: (a) Two-photon transition mod-
el in a two-level atomic system; (b) Gaussian profile envel-
ope (blue) and the phase distribution (orange) of the femto-

second chirped pulse.
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Fig. 2. Evolution of the population probability of the final-state and the real-imaginary part of the wave-function with time and
chirp factor under a weak field excitation: (a) The population probability of the final-state versus time and detuning; (b), (c) the
population probability at two different chirp factors (red and blue circles) in panel (a); (d) the real part of the wave-function of the
final-state versus time and the chirp factor; (e), (f) the real part of the wave-function at two different chirp factors (red and blue
circles) in panel (d); (g) the imaginary part of the wave-function of the final-state versus time and the chirp factor; (h), (i) the ima-
ginary part of the wave-function at two different chirp factors (red and blue circles) in panel (g).
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Fig. 3. Evolution of the population probability and the real-imaginary part of the final-state with time and detuning under a weak
field excitation: (a) The population probability of the final-state versus time and detuning; (b) the population probability of the fi-
nal-state versus time at three different detunings (~1500 THz, -600 THz, 200 THz) in panel (a); (c) the real part of the wave-func-
tion of the final-state versus time and the detuning; (d) the real part of the wave-function of the final-state versus time at three dif-
ferent detunings (~1500 THz, -600 THz, 200 THz) in panel (c); (e) the imaginary part of the wave-function of the final-state versus
time and the detuning; (f) the imaginary part of the wave-function of the final-state versus time at three different detunings
(-1500 THz, 600 THz, 200 THz) in panel (e).
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Fig. 5. Evolution of the population probability of the ground-state and final-state with time under a strong field excitation:
(a)—(f) Under different chirp factor; (g)—(1) under different intensity of laser field.
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Fig. 6. Evolution of the population probability of the final-state with time and detuning under a strong field excitation:

(a)—(c) With positive chirp factors; (d)—(f) with negative chirp factors.
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Transient two-photon transitions excited by chirped pulse”
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Abstract

In general cases of strong field excitation, the Stark effect has a significant influence on transient two-
photon transitions, and the analytic description of this process is quite challenging. By combining analytical
solutions and numerical simulations, the transient two-photon transition processes excited by weak and strong
chirped pulses are systematically investigated, showing the important influences of parameters such as light field
intensity, chirp factor, and detuning on the time-domain evolution of two-photon transition probabilities.
Firstly, an approximate analytical expression is derived for the amplitude of the time-domain two-photon
transition probability by using the second-order perturbation theory. This analytical solution indicates that the
transient two-photon transition process under weak field excitation is similar to the Fresnel rectangular edge
diffraction effect. As the light field intensity increases, the influence of the Stark effect on two-photon
transitions also intensifies. Secondly, through a series of approximations, the approximate analytical solutions of
the Schrédinger equation under strong field interactions are obtained. The analytical solutions show that the
strong field Stark effect induces energy level to split, which disrupts the symmetry of the time-domain two-
photon transition probability distribution, and its frequency domain process is similar to the “double-slit
interference” effect. The research results indicate that the efficiency of population transfer during strong field
excitation is closely related to the light field intensity, while the chirp factor can not only regulate the efficiency
and time position of population transfer but also change the oscillation frequency of the population probability
in the time domain. This work offers new insights into describing the time-domain evolution of the population
probability under strong field excitation and lays a scientific basis for research on two-photon microscopy

imaging.
Keywords: two-photon transition, transient process, perturbation theory, chirp factor
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