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Progress in frequency stabilization of dye lasers has encouraged us to undertake ser-
ious experimental investigation of those factors that control the ultimate spectroscopic
resolution limits. Of course the Doppler broadening due to thermal motion can be
eliminated by use of Doppler free techniques such as saturation and two-photon spectros-
copy. However, that thermal motion still limits the coherent interaction time through
the finite interaction time with bounded laser beams, and ultimately controls the line
spectral profile via relativistic effects (see below). Ramsey’s method of separated interac-
tion regions:? can provide a major increase of the effective coherent interaction time,
especially in connection with collimated atomic beams. For example, in our experiments®
with the attractive two photon absorption line in Bi [(6p)? 4S;, ,—(6p)® %P, , at 603.05
nm, 7~4 ms], a linewidth <1 kHz would be in principle obtainable for 50 cm separa-
tion of the two laser interaction zones. Further, light shifts are strongly reduced (“dilut-
ed”) since most of the coherent phase difference between laboratory and atomic clocks
is evolved while the atom is actually in the dark space between the laser zones. A similar
reduction of power broadening occurs in the case of saturation Ramsey fringes. Chebo?
tayev has also discussed an important angular “multiplex” advantage of the separtaed
fields technique in saturation spectroscopy.* Based on their potentially-narrow spectral
widths and feasible laser wavelengths, attractive two photon transitions include — besides
the Bi line — a line in Ag (4d%5s%S,/,—>4d%5s? 2D,/,, 661.3 nm, 7~ 0.25 s), in Hg*
(5d°6s2S, /,—~>5d%s? 2D,/,, 563.2 nm, 7~ 0.11 s), and the lowest :S—!D transtitions
in the heaviest alkaline earths. To become acquainted with the Ramsey two-zone te-
chniques we have studied two photon Doppler-free transitions to Rydberg states in a
Rb atomic beam.’? The advantage of such transitions is the efficient detection of the
excited atomic beam species by field ionization. However, for our purposes, alkali Ryd-
berg atom problems included large ac and dc polarizabilities, copious magnetic and hy-
perfine structure, and limited -level lifetimes (~25 ms at n*=30). Ramsey fringes of
high contrast and width down to ~15 kHz were obtained experimentally with 4.2 mm
waist separation. Ultimately the dispersion of atomic beam velocities provides the main
broadening mechanism via the relativistic time dilation (second-order Doppler effect).
Analysis® shows that dramatic fringe shape changes occur at high resolution (~ 1 kHz)
consistent with unpublished experimental results by R. L. Barger on the Ca intercombina-
tion line at 657.3 nm using 25 cm waist separations. Future work will focus on monove-
locity atomic beams (via acceleration or supersonic expansion), or on radiatively cooled
samples in electromagnetic ion traps, or perhaps on radiatively-cooled atomic beams,
or on longitudinal interaction.

A new laser frequency staiblization concept promises dramatic improvement in fre-
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quency stability and linewidths. In preliminary experiments a jet stream dye laser using
such techniques was shown to be phase-stable for periods exceeding 10 ms, and so to have
a spectral width well below 100 Hz.
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