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Fig. 1. Wavelength and double-differential probability spec-
tra of Compton scattering for hydrogen-like ions with differ-
ent nuclear charge numbers Z. Incident photon energy
w1 = 17.4 keV , scattering angles 6 = 133.75°. The solid
curves represent results calculated using QED theory, while
the hollow curves are those obtained by Eisenberger using

the impulse approximation.
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Fig. 2. (a) Geometric diagram of wave vectors and polarization states of incident and scattered light. The zoz plane is defined by

the polarization (e€1)and wave vector (k) of the incident laser, while the direction of the scattered photon is characterized by

spherical coordinates (6, ¢) . (b)-(d) The double-differential cross-section of Compton scattering as a function of scattered photon

energy and scattering angle, with white dots indicating predictions from the free-electron model. (e)-(g) Solid and hollow curves

represent differential probability distributions of Compton scattering versus scattering angle, calculated using frequency-domain the-
ory and the Klein-Nishina formula, respectively. The incident photon energies are 500 eV (b), (e) , 1 keV (c), (f) and 10 keV (d),

(g) with laser intensity I =4 x 1020 W/cm? .
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Fig. 3. Variation of the electron density distribution in momentum space for ground-state electrons as a function of scattered

photon energy and scattering angle with laser intensity I =4 x 1020 W/cm?: (a) w; = 1 keV; (b) w; = 10 keV . Dashed lines in-

dicate the scattered photon energy versus scattering angle predicted by the free-electron model in Eq. (19).
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Fig. 4. Dependence of the double-differential probability of
Compton scattering on scattering angle, calculated using
frequency-domain theory (solid curve). wi = 1keV,5 keV,
10 keV, wa = w1 — Ip. The hollow curve shows the differ-
ential cross-section derived from the Thomson scattering

formula as a function of the scattering angle.
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SPECIAL TOPIC—Ultrafast physics in atomic, molecular and optical systems

Study of single-photon Compton scattering process of bound
electrons in intense laser fields by using
frequency-domain theory”
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Abstract

Compton scattering is defined as an inelastic scattering process in which the interaction between strong
laser fields and electrons in matter leads to photon emission. In recent years, with the rapid development of
X-ray free-electron lasers, the intensity of X-ray lasers has steadily increased, and the photon energy in
Compton scattering process has risen correspondingly. Previous studies focus on single-photon Compton
scattering of free electrons. However, the mechanism of non-relativistic X-ray photon scattering by bound
electrons remains to be elucidated. Therefore, we develop a frequency-domain theory based on non-perturbative
quantum electrodynamics to investigate single-photon Compton scattering of bound electrons in strong X-ray
laser fields. Our results show that the double-differential probability of Compton backscattering decreases with
the increase of incident photon energy. This work establishes a relationship between Compton scattering and
atomic ionization in high-frequency intense laser fields, thereby providing a platform for studying atomic

structure dynamics under high-intensity laser conditions.
Keywords: Compton scattering, frequency-domain theory, bound electron
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