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Response to Summary Questionnaire
(contract period ending 30 September 1982)

1. Principle Investigator: William D. Phillips

2. Contract Description: We are investigating experimental methods for
laser cooling of neutral atoms, and possible applications of cooled atoms
in trapping schemes, or slow beams, to high resolution spectroscopy and
frequency standards.

3. The highest resolution spectroscopy is ultimately limited by processes
which relate to atomic velocities such as second order Doppler shift and
transit time effects. Laser cooling of ions in traps promises to deal
with these problems, but there is a great deal of interest in achieving
the same benefits for neutral species. Unfortunately compared to ions,
neutrals interact very weakly with external electromagnetic fields, so
that it is much more difficult to trap them. Proposed traps using laser
fields and electrostatic fields have not yet been realized, and successful
trapping in magnetic fields has never been put to practical use. Much
of the difficulty centers on the very small energy depth of the neutral
traps, and the difficulty in cooling atoms contained in such a trap, in
contrast to the situation with ion traps. As a result, much of the interest
now centers on the deceleration of a free atomic beam, either for direct
use in high resolution spectroscopy or as a preparation for loading atoms
into a trap.

4. The deceleration of an atomic beam is accomplished by directing a resonantly
tuned laser opposite to a beam of neutral atoms. Sodium atoms are used
because tuneable lasers at the sodium resonant frequency are available.
Two main problems are encountered: First, as the atoms decelerate, they
are Doppler shifted out of resonance with the laser and cease decelerating
before a significant reduction in velocity has occurred. Second, because
of the sodium hyperfine structure, atoms can be optically pumped by the
laser into states which are not resonant, thus ending the deceleration.
Our solution to these problems is to apply a spatially varying magnetic
field along the common laser and atomic beam axis. When the laser is circularly
polarized, the magnetic field prevents radiative transitions which would
lead to adverse optical pumping. The spatial variation of the magnetic
field provides a changing Zeeman shift which is used to compensate the
changing Doppler shift so that the atoms stay in resonance with the laser
as they decelerate.

5. During the past contract period, we have decelerated atoms from a thermal
velocity of about 1000 m/s to 40 m/s. The velocity spread of the decelerated
atoms corresponds to a temperature of 70 inK. The observed density of these
very slow atoms is seriously reduced by divergence of the atomic beam and
by scattering of the slow atoms by background gases. We are currently
exploring ways of avoiding these difficulties, and of using the slow atoms
for spectroscopy or trapping. If we limit the deceleration to a factor
of two reduction in velocity, we can produce a ten-fold increase in atomic
density per unit velocity interval by compressing the atomic velocity

*distribution into the lower velocity.
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6. "Rapid Frequency Scanning of Ring Dye Lasers" ,y W. D. Phillips, Appl.
Opt. 20, 3826 (1981).

"Laser Deceleration of Neutral Atoms" by W. 0. Phillips and H. Metcalf,
Bull. Am. Phys. Soc. I6, 1327 (1981).

"Laser Deceleration of an Atomic Beam" by t. D. Phillips and H. Metcalf,
Phys. Rev. Lett. 48, 596 (1982).

"Laser Production of a Very Slow, Mono-energetic Atomic Beam" by J. V.
Prodan, W. 0. Phillipd and H. Metcalf, to be published.

7. No extenuating circumstances.

8. No unspent funds are expected.

9. No graduate students are involved in this project.

10. The principle investigator is one of the scientists who receive partial
support for the determination of the fine structure constant from the Department
of Energy. Support under that grant is $15,000 for the period 1 July 1981 -

30 June 1982.
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