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Figure 1 (a) The yields of He', He™ as a function of intensity of the
linearly polarized laser pulses [3]; (b) the yields of He", He*", Ne*, Ne**
as a function of intensity of the circularly polarized laser pulses [7].
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Figure 2 (Color online) (a) Momentum distribution of He* along the
laser polarized direction of the linear laser pulses [9]; (b) correlated elec-
tron momentum distribution for NSDI of Ar by linear laser pulses [11],
P.i, P represent the momenta of the two electrons along the laser polar-
ization direction.
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Figure 3 NSDI of Ar at the low laser intensity [13]. (a) The corre-
lated electron momentum distribution; (b) total energy spectrum of the

electron pairs. The laser wavelength is 800 nm and the laser intensity is
7x10" W/em’.
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Figure4 (Color online) (a) Correlated electron momentum distribution
for NSDI of Ar calculated by the classical ensemble model [25], the laser
wavelength is 483 nm and the intensity is 5x10" W/em®; (b) correlated
electron momentum distribution for NSDI of Ar calculated by the semi-
classical ensemble model [26], the laser wavelength is 800 nm and the
intensity is 4x10"> W/cm?; (c) energy distribution of the two electrons
just after recollision; (d) ionization time distribution of the two electrons

after recollision [27], the white lines indicate the peaks of the electric
field.
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Figure 5 (Color online) Correlated electron momentum distributions for NSDI of He by laser pulses with intensity of 0.45 PW/cm” and wavelength of
780 nm. (a) Experimental result [36], the energy of 2U, corresponds to the momentum of 2 a.u.; (b), (¢) numerical results by the classical ensemble model

[38], the ion-electron potential is V,(#) = —2 / 4Jr, + @, the soft parameter a=0.825 (b) and a=0.01 (c), respectively; (d)—(f) numerical results by the
semiclassical ensemble model [39], both the electron-electron and ion-electron interaction potentials are the Coulomb potential in (d), the ion-electron
interaction potential is the soft potential with =1.0 in (e); the electron-electron interaction potential after recollision is the Yukawa potential in (f).
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Figure 6 (Color online) Correlated electron momentum distribution
along the laser polarization direction for NSDI of He by 780 nm laser
pulses. (a) Experimental results [37], the solid red lines indicate the
momentum corresponding to the energy of 2U,, the laser intensity is
1.5 PW/cm?; (b) numerical result from the classical ensemble model [40],
in the calculation, the laser intensity is 2.0 PW/cm’, the soft parameter is
a=0.86; (c) and (d) separately show the distributions based on the energy
difference of the two electrons just after recollision, the energy difference
just after recollision is larger than 2 a.u. (c) and less than 2 a.u. (d).
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Figure 7 (Color online) The sketch of the responsible microscopic
electron dynamics for the V-like structure in the correlated electron
momentum spectrum [39]. (a) The recollision electron changed its

direction after recollision and achieved a final momentum larger than
2,/U,, the bounded electron ionized along the direction of recollision

velocity and achieved a final momentum less than 2,\/7p ; (b) the recol-
lision electron ionized along the direction of recollision and achieved
a final momentum less than 2,\/7p while the bounded electron ionized
with a velocity opposite to the recollision direction and achieve a final
momentum larger than 2,\/7;, .
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Figure8 (Color online) Correlated electron momentum distribution for
NSDI of Ar (a) and N, (b) by the 750 nm, 3.2x10"* W/cm® few-cycle laser
pulses [43], (a) and (b) are the experimental results; (c) numerical results
for NSDI of Ar calculated by the classical ensemble model [44], the laser

parameters are the same as those in (a); (d) experimental result for NSDI
of Xe by the 3100 nm, 4x10" W/cm” laser pulse [45].
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Figure 9 (Color online) (a) Schematic diagram for controlling recolli-
sion time in NSDI by the orthogonal two-color fields, effective recollision
occurs at the overlap of the red and green areas; (b) distributions of the
recollision time in NSDI by the orthogonal two-color fields (800+400)

nm for different relative phases [51], T is the laser period of the 800 nm
laser field.
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Figure 10  (Color online) Numerical results of the correlated electron
momentum distribution for NSDI Helium [52]. (a) The momentum dis-
tribution for the 800 nm field; (b) the recollision time distribution in the
orthogonal two-color field with two different relative phases; (c)—(f) the
distribution for the 800 and 400 nm orthogonal two-color field. (c) and
(d) show the momentum along the polarized direction of the 800 nm
field. (e) and (f) show the momentum along the polarized direction of
the 400 nm field, the laser intensities for both fields are 4x10" W/cm?,
the relative phases were indicated in the figure.
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Figure 11  (Color online) Experimental results for NSDI of Ne by the
orthogonal two-color fields [53]. (a) The red and blue circles respectively
represent the yield of Ne” and Ne®* as a function of relative phase. The
solid green line shows the yield of Ne** calculated by the ADK formula.
The green squares represent the yield of Ne*™ calculated by the semiclas-
sical ensemble model; (b) and (c) are the momentum distributions of Ne**
along the polarized direction of the 400 and 800 nm laser field, respec-
tively, as a function of relative phase; (d), (¢) Momentum distributions of

Ne”" in the laser polarized plane at 0.77 and 1.7, the laser intensities for
both field are 1.5%10"* W/em’.
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Figure 12 (Color online) Momentum distribution along the minor axis
of the elliptical laser pulses from SDI of Ar™", as a function of laser inten-
sity. (a) and (b) are the experimental results and numerical results from
the Heisenberg-potential classical model, respectively. The upper dia-
grams illustrated the emission direction of the electrons and ion. (a) and
(b) are adopted from refs. [57] and [60], respectively.
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Figure 13  (Color online) Ionization times of the two electrons in SDI

of Ar by the elliptical laser pulses [59,60]. The pulse durations for the
upper and lower plots are 7 (a) and 33 fs (b), respectively.
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Figure 14 (Color online) Moentum distributions of Ar** in the laser

polarized plane [61]. N indicates the numbers of optical cycles of the
pulses.
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Correlated electron dynamics in strong-field double ionization

ZHOU YueMing' & LU PeiXiang"”’

' School of Physics, Huazhong University of Science and Technology, Wuhan 430074, China;
* Laboratory of Optical Information Technology, Wuhan Institute of Technology, Wuhan 430205, China

In intense laser-atom/molecule interaction, there are many new phenomena involving multielectron effects. As one
of the most important strong-field process, strong-field double ionization of atoms and molecules, especially the
strong-field nonsequential double ionization (NSDI), exhibits highly correlated behaviors, providing a clean way to study
electron correlation in nature. We review the microscopic electron dynamics of NSDI revealed by recent experimental
studies based on the COLTRIMS and the related theory contributions. We summarized the laser intensity-dependent
microscopic electron dynamics of NSDI. At low laser intensities, NSDI is dominated by the recollision-excitation with
subsequent field ionization, and the time delay between the final ionizations of the two electrons could results in the
experimental observed back-to-back emission of the electron pairs. As the laser intensity increases, recollision induced
direct ionization dominates NSDI and two electrons ionized almost simultaneously after recollision. In this process
the final-state ion-electron attraction and electron repulsion significantly affect the details of the electron correlation
pattern. As the laser intensity further increases, the role of final-state ion-electron and electron-electron interactions
becomes less important, and the asymmetric energy sharing at recollision is prevalent which accounts for the strange
V-like shape in the correlated electron momentum spectra at very high laser intensity. We also introduced the control of
the correlated electron dynamics. It has been theoretically predicted that the electron pairs can be controlled to exhibit
correlated or anticorrelated behavior with the two-color field, which has been proved by experiment. We also review the
progress on strong-field sequential double ionization (SDI). Recent experiments have observed many phenomena which
conflicted with the predictions of the previous theoretical models of SDI. Here we introduced a recent developed model
of strong-field SDI, which successfully explained the new experimental results and predicted many interesting results.

strong-field double ionization, electron correlation, femtosecond laser, ultrafast dynamics
PACS: 32.80.Rm, 31.90.+s, 32.80.Fb
doi: 10.1360/SSPMA2016-00365

033005-15


https://doi.org/10.1360/SSPMA2016-00365

	原子强场双电离的关联电子动力学
	摘要
	1  引言
	2  强场非次序双电离的微观动力学过程
	2.1  低激光强度下的非次序双电离
	2.2  中等激光强度下的非次序双电离
	2.3  高激光强度下的非次序双电离
	2.4  非次序双电离关联电子动力学过程的控制

	3  强场次序双电离
	4  总结
	参考文献

