Laser cooling of gas atoms by “ac Stark effect”
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Laser cooling and trapping of gas atoms is a new subject of great interest in laser
spectroscopy. This paper makes a proposal for laser cooling of gas atoms via ac Stark
effect. The energy levels can induce atomic shift when the atom is irradiated by light.
Experiments show that under the illumination of laser light the amounts of optical frequency
shifts are of the order of serveral GHz and the shift of the levels are quasi-transient in
nature. We take an atom with three level system as an example to illustrate this process.
If an atom is irradiated by an intense laser pulse of frequency »;, approximate to the
resonance frequency »,, between the two excited levels of the atom, the laser field will
induce the intermediate level shift downward by an amount 4E,
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Where E,/4/2 is the average intensity of the laser electric field, |esr|y, is an electric
dipole matrix element, h is Planck constant. If at the same time, the atom is irradiated
by a less intense cw laser with a frequeney »°, approximate to the resonance frequency
between the ground state and the shifted intermediate level, the atom will transit to the
intermediate level after absorbing a photon. And then when the intense laser pulse is
removed, the intermediate level will return to its ground state by way of spontaneous
emission of a photon. Because the amount of the energy of the photon spontaneously emit-
ted from the atom is larger than that of the photon absorbed, the difference is compensated
at some sacrifice of the kinetic energy of the atom during the process of scattering the pho-
tons. As a result, velocity will be reduced gradually, and the amount of decrease in
velocity of the atom after its scattering one photon can be given by
hv° E2|e.r|?, Ez2leer|?, hv°,

— b’
4 mc + 4h(v,—v°,) my 4h(vpe—v)? mc

where c is light veocity, m is the mass of atom and v is the velocity of atom. In this formula
the first term corresponds to the result of Doppler laser cooling proposed by Hansch and
Schawlow; the second and third terms represent the results of laser cooling caused by light
shift effects. The larger the light shift, the higher the cooling efficiency. It would seem
that the method proposed here is a most promising process applicable to the laser cooling
and trapping of gas atoms as well as to the acceleration of them.
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