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The recoil-induced spectral doubling of the CH, saturated absorption peaks at 3,39 ym
has been clearly reaolved. A working resolving power of 8 x10°* (1 kHz half width at half-
maximum), achieved with aberration-compensated parabolic optes of 32 cm diam, was
available to study the height ratio and spiitting of the recoll peaka. The resolved Doppler-
generated level croseings are not recoil doubled and give improved hfs information, We
derive new, exact equations relating the atomic patural frequeney to laboratory reso-

nance frequencies,

As predicted by Kol'chenko, Rautian, and $o-
kolovskii, momentum exchange between the radi-
ation field and a quantum absorber gives rise to
spectral doubling in saturation spectroscopy. The
smallness of that frequency splitting may provide
an ultimate natural challenge to the techniques of
saturated-absorption spectroscopy. The CH,
transition at 3.39 um is a favorable case for this
investigation in view of the small mass and high
transition frequency. On the other hand, struc-
ture within the linewidth can only be regarded as
detrimental to the otherwise very attractive pros-
peets for an optical frequency standard. With
suitable attention to the laser frequency stability
and to the various spectral broadening mecha-
nisms,? it has become possible to resolve? the
two ¢components clearly for the first time and to
begin investigation of their pressure and power
dependence.

We begin by recalling the physical origin of the
recoil effect, We then mention the improvements
of the laser spectrometer which led to this new
level of resolution, and conszider the several re-
sidual broadening mechanisms that limited the
working resolution. Finally, we report improved
frequency intervals for the CH, hyperfine spec-
trum,

An essential feature of sub-Doppler spectros-
copy is the necessity to consider momentum con-
servation between the light and the absorbing
molecules, as well a8 energy conservation: In
faet the usual Doppler broadening is just 2 mani-
festation of momentum conservation. We also
know that the resolution lHmit in sub-Doppler
spectroscopy depends directly on how precisely
the light momentum is defined.>* A second mani-
festation of momentum conservation—not so fa-
miliar in optical speciroscopy—is the recoil ef-
fect. Although the recoil energy can be obtained
irom a nonrelativistic approach. a complete and

consistent formulation including both the recoil
and the relativistic Doppler effect can be devel-
oped by making a relativisti¢ energy and momen-
tum balance. In thai way we can obtain the reso-
nance condition for light of {requency w and wave
vector & applied to the two-level atom of transi-
tion frequency w,=2#v,, The atom’s mass M may
conveniently be referenced midway between the
two atomic levels. For an absorber having a ve-
locity ¥, in its lower state, one derives the ab-~
sorption resonance condition

w _(1-p w\thuﬁ 1 v

W, uim.q.\a 1-¢

where € =#w,/2Mc*. For emission from the up-
per state, the resonance condition is

w_(i-v w\n»vSAPv

w, ulm.ﬂo\e i+e /7
where ¥, is the velocity in the upper state. These
expressions correspond to single-quantum transi-
tions. In saturation spectroscopy the molecules
in a given velocity group must be able to interact
with two waves of opposite wave vectors to sup-
press the Doppler broadening. For example, the
velocity class correspending to the population
hole created in the lower state by absorption of
the +K wave must also satisfy the absorptiop res-
onance condition for the probing —& wave.? This
implies K- ¥,=0 and the lower-state resomance
condition

o))
Wy € l-¢

The velocity-resolved population peak created in
the excited state gives amplification of the sec-

ond beam when the emission resonance condition
is satisfied. Thig occurs when k+¥,=0 and

w_ T -EJS-_I.
Wy c l+¢
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