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Fig. 2. Scheme of microwave circuit generating RAP pulses.
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Fig. 4. Time evolution of deviation excitation.
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Fig. 11. Transition probability as a function of magnetic field.
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Abstract

Cold collision frequency shift is one of the major systematic effects which limit the frequency uncertainty of
the cesium fountain atomic clock. It is proportional to the effective atomic density, which is defined as the
average density over the initial spacial and velocity distribution. The measurement of the frequency shift is
based on a differential method, in which the fountain clock is operated with two different atomic densities, i.e.
high density and low density, in turn. The clock frequency without collision shift can be achieved by linear
extrapolation with the frequencies and density ratios of two states. For the density ratio is estimated with the
atom number, it plays a crucial role in generating atoms with same density distribution for reducing systematic
uncertainty in cold collision frequency shift estimation. The rapid adiabatic passage method is used in Cesium
fountain clock to realize homogeneous transition probability, which modulates the amplitude and frequency of
microwave continuously to prepare atom sample. To investigate the precision of this method, theoretical
analysis and experimental measurement are both used here. An equation of deviation is derived from the time
evolution of Bloch vector. The vector rotates at angular speed {2 with the rotation axis processing at lower
angular speed. The deviations in the two directions on the surface of Bloch sphere are determined by the
equations which are similar to wave equations, and can be simplified into wave equations when the deviations
are sufficiently small. It is shown in the equations that the deviations are stimulated by angular velocity and
angular acceleration of the precession, and is inversely proportional to the square of (2. Further calculation
shows that the deviation becomes smaller when the amplitude of microwave frequency and Rabi frequency are
close to each other. It is then confirmed experimentally. The effects of some other parameters, such as the pulse
length and time delay, on transition probability are also measured, showing that the RAP method is insensitive
to these parameters up to a large scope. The precision of RAP method is dominated by three factors. The first
factor is the product of rotating angular speed {2 and pulse length T, i.e. 2T The increase of 2T can reduce
the uncertainty to a satisfactory degree. The second factor is the uncertainty of resonant frequency, so the
measurement is required to be precise. The third factor is the unexpected atoms which are not selected by the
microwave, and may be attributed to pulling light. After optimizing the parameters, the ratio of low density to
high density can approach to 0.5 with 3 x 107 uncertainty, which leads to a systematic relative uncertainty of
cold collision shift up to 1.6 x 10716,
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