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C ooling and trapping of atoms and molecules is a
prerequisite to studies of a multitude of quantum
phenomena at ultracold temperatures. Early ap-

proaches to laser cooling rely on using monochromatic
field in the scattering process of light by atoms into unoc-
cupied modes of vacuum field with the rate of spontaneous
emission as a time limiting factor. More recent cooling
methods are based on stimulated process with polychro-
matic light and utilize adiabatic passage offering advan-
tages of more frequent momentum exchanges with light
and stronger cooling forces.

Stimulated Raman adiabatic passage (STIRAP) was
used to generate ultracold molecules by transferring
loosely bond Feshbach molecules to the fundamental
ground state by applying two time-delayed ultrafast pulses
in a counterintuitive sequence. Such an approach results
in a creation of the dark state not involving a transi-
tional state in the population transfer [1]. The two lasers
were individually phase-locked to a femtosecond optical
frequency comb. A direct implementation of a modu-
lated optical frequency comb to transfer molecules from
the Feshbach state to the ultracold state was proposed in
Ref. [2]. In this work a sinusoidal modulation across each
pulse in the pulse train induced a response in molecules
analogous to the STIRAP resulted in the dark state for-
mation and a stepwise population transfer to the ground
state. The parity of the phase modulation was shown to
play an important role in the controlled population trans-
fer to the ultracold state [3]. In Ref. [4], a coherent train
of weak pump–dump pairs of ultrashort shaped pulses was
used for Raman transitions between the near-dissociation
and the deeply bound vibrational levels to create ultra-
cold molecules. The time shift between pulses equal to
a half-period of vibration in the excited electronic state
enabled damping of population to the final state without
spontaneous emission losses.

Strong optical forces were produced on metastable He
atoms by coherent control of momentum exchange be-
tween light via adiabatic passage using multifrequency
light in Refs. [5, 6]. A carefully timed sequence of frequen-
cy-swept pulses produced a force much larger than the or-
dinary radiative force. The peak field intensity, the sweep
direction and range, and the number of pulses were shown
to be the effective control parameters in the scheme.
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Recently, a sawtooth-wave adiabatic passage (SWAP)
scheme was demonstrated to cool atoms by rapidly sweep-
ing the laser frequency of counter-propagating beams with
Doppler shifts providing time-ordering to ensure photon
recoils oppose the particle’s motion [7–9]. This technique,
when adopted to more complex multi-level systems, is
shown to be resultative for cooling molecules [10]. The en-
hancement of the cooling force was achieved by applying
a proper magnetic field decomposing the multi-level sys-
tem into several two-level systems to provide an ordered
stimulated absorption and emission allowing for a multiple
photon momentum transfer. The approach in this work
differs from the one in Ref. [8] in using the frequency ramp
covering the entire hyperfine manifold and addressing all
sublevels in each ramping process. The work suggests the
solution for a weak Doppler cooling force problem rele-
vant for multi-level type-II transitions in which the ground
state total angular momentum quantum number is greater
or equal to that of the excited state.
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