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The Bichromatic Optical Force

) Rabi ~ 0 : ' '
= First demonstrated over a decade ago, the bichromatic force

uses stimulated emission to produce forces much larger than
the usual radiative force. Such forces also span a much
larger range of atomic velocities than radiative forces.
However the role of spontaneous emission in the bichromatic
force Is very different from its role in the radiative force.
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Estimated Cooling Time

Force Profile via Optical Bloch Equations

< 4 hkd| The bichromatic force profile (left) can be used to estimate
éﬁ | T the “cooling time”, 7., the time it will take to push all the
Z 14 < atoms to the edge of the force profile.
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The bichromatic force profile for a particular Rabi fre- 4

quency is shown to the right. The initially uniform velocity
distribution (not shown) should accumulate at the edge of
the force profile, shown schematically, after time 7.
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Is Spontaneous Emission Important?

Without the spontaneous emission process playing a significant
role in the momentum transfer, is it necessary for cooling at all?
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To test this we can apply the bichromatic force to an
atom with an excited state lifetime (7) that satisfies:

T ~ Tp N

Metastable Helium

A beam of metastable Helium is
produced using a DC discharge source.

Helium is a good candidate if we look at the atomic
properties that determine the condition above.
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Experimental Setup

Optical Setup
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Magnetic Field and Optical Pumping

e An IR laser for optical pumping is added before the bichro-
matic interaction tuned to the 235 — 23 P transition

e A small magnetic field aids the IR light to optically pump

the atoms into mjy = +1 (—1)

e Proper choice of UV polarization o+ (o7) results in a two

level system

e The value in velocity of an IR radiative force will change
as the Doppler shift compensates the Zeeman shift, allowing

calibration of the magnetic field

Zeeman Shift
we = upB/h

Doppler Shift
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Velocity Shift vs Magnetic Coil Current
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Numerical Simulations
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e Our numerical simulations are calculated from integration

of the combined optical Bloch equations and atomic equa-
tions of motion

e The simulated atomic flux following a bichromatic inter-

action time (T;,: = 7¢) is shown to the left

Atomic Aux at the detector
Initial atomic distribution - Blue
After bichromatic force - Black
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