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Fig. 1. (a) Temporal evolution of the transverse light force Fr(t) (solid lines) and the longitudinal light forces Fy(t) (dashed

lines); (b) temporal evolution of the population inversion w(t) for different values of the peak Rabi frequencies Gg at z=0, r =
0.7071 pm. Pulse area A at z=0, r = 0.7071 pm equals respectively 0.913mn, 2.28257w, 4.5651 and 9.13xn for the peak Rabi
frequency of Gg =0.lw, 0.25w, 0.5w and w . Field detuning A =0.
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2148 DRI T 0], St IR B R
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Ty T, X R T B S I G
TR SR A — AR, AATTHE D T I T T
50T IR () ST R S AR et i e T
LTI 3% () 2 R S S AR A O T T ) 1oL FH AR
B 7B BHESIE B39 JF 1 ) B4 (AFM)
M RE AL A0 RN i B 26k FH ke I 2 Y 7 B H- B
T3 RVERIR T C ISP TT, B8R i 43 3%
R S T B 2z — B0 RSN EOG 9K i
T, A FETAERELT B AFM (DM-AFM) H
BAEH = 0 1 2F R RE, B AT DM-AFM & 1
e /NE AT LI/NE LA TR (IN) 2 81 AR SCHiE
TV KON G S 7E K 4R (pN) R L B )
HH7E 10 N SGE L, IR AT P22t
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Abstract

In 2011, Kumar et al. (2011 Phys. Rev. A 84 043402) studied the light force acting on a beam of neutral
two-level atoms superimposed on a few-cycle-pulse Gaussian laser field under both resonant and off-resonant
conditions by solving the optical Bloch equation beyond the rotating-wave approximation, and they found that
under resonant condition the transverse component of the light force shows oscillatory behavior but vanishes
when a time average is taken, and the time averaged longitudinal force is nonzero only when the Rabi frequency
is smaller than the resonant frequency and vanishes when the Rabi frequency is equal to or larger than the
resonant frequency.

In this paper, we investigate further the strong nonlinear optical interaction between a two-level atomic
system and a femtosecond Gaussian laser pulse by solving numerically the full-wave optical Bloch equations
through using the predictor-corrector method. It is found that the light forces and the light potentials are
sensitive to the value of the Rabi frequency and the detuning of the laser field. Under the resonant condition,
the instant light forces induced by the femtosecond laser pulse change their signs as a function of time. The
instant longitudinal light force changes its sign at twice the Rabi frequency, while the instant transverse light
force changes its sign at twice the light carrier-wave frequency. However, none of the time-averaged light forces
is zero, showing periodical oscillation characters as a function of Rabi frequency. Both of the time-averaged
longitudinal and transverse light forces oscillate at the Rabi frequency corresponding to the pulse area of 2m.
The time-averaged transverse light force shows also a trend of enhancement with Rabi frequency increasing, and
the time-averaged longitudinal light force shows also a saturation trend with the increase of the Rabi frequency.
The optical potential depends strongly on the detuning. It changes gradually from repulsive potential to
attractive potential when the detuning defined here changes from negative to positive detuning. When the field
is nearly resonant, the optical potential then oscillates between repulsive and attractive potentials. Therefore,
neutral atoms can be focused, defocused, trapped, splitted or steered by the femtosecond laser field with

appropriate detuning and Rabi frequency.

Keywords: atom optics, optical dipole force, femtosecond laser field, two-level atomic system
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