L Strong Optical Force Measurements Using Adiabatic Rapid Passage
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INTRODUCTION

Previous experimental work [1] has shown that very strong, long range optical forces can be produced on the 238 — 23P
transition in He through the use of ARP sequences in an unconventional parameter domain . These optical forces rely on
the coherent momentum exchange between the atoms and the light field. We expand on this work to include the use of
independent counter propagating optical beams which allow for increased control of the experimental parameters, such
as Doppler detuning to simulate the velocity of moving atoms. We present our experimental setup and our investigation
of the velocity dependence of this large optical force.

FORCE FROM PERIODIC ARP SEQUENCE

Coherent control of the momentum exchange between the light field and
the atom is possible using precisely timed pulses that cycle the atom
between ground and excited states. Large forces can result if this process
is robust and is able to be carried out many more times in succession.
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EXPERIMENTAL SETUP
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'MEASURING THE FORCE
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Optical force in units of the radiative force as a function
of optical intensity and amplitude of the frequency sweep
with both optical beams centered on atomic resonance.

VELOCITY DEPENDENCE of ARP

Optical force in units of the radiative force as a function of optical intensity and amplitude of

the frequency sweep is shown below. The optical beams are detuned symmetrically about

atomic resonance so as to simulated an atomic velocity along the propagation axis.
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Shown above is the measured optical force as a function of atomic velocity for specific

values of intensity and frequency sweep. The left figure has a very large frequency

sweep and shows a force over a large velocity range. The figure on the right has a

smaller frequency sweep and consequently smaller range in velocity. The force is not

symmetric about v = 0 which may be due to an asymmetric pulse shape.

SUMMARY & OUTLOOK

. We have produced optical forces that are nearly an order of magnitude
larger than the radiative force with He* by using many ARP sequences.

. These forces are non-zero for a much larger range of atomic velocities than
the typical radiative force.
. Our next step will be to measure the velocity dependence of the ARP force

for frequency sweeps up-down and down-up.
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