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Abstract

On the basis of the stimulated Raman adiabatic passage technology, we study the conversion of ultracold atoms into
diatomic molecules by using a square-shaped pulse field. By the method of adiabatic fidelity, we analyze the dynamical
evolution process of the coherent population trapping state for the atom-molecule conversion system. We introduce two
adiabatic fidelities to describe the efficiency of ultracold atom-molecule conversion, i.e.: 1) the final adiabatic fidelity,
which gives the value of the adiabatic fidelity at the end of the evolution: the closer to 1 it is, the higher the conversion
efficiency is; 2) the final maximum adiabatic fidelity, which denotes the maximum value that can be achieved at the end
of evolution, indicating the highest conversion efficiency. With these two quantities, we discuss how to achieve higher
adiabatic fidelity for the coherent population trapping state through optimizing the pulse-delay time and the pulse-laser
intensity of the stimulated Raman adiabatic passage. In addition, we also discuss the effects of the width of pulses
on the ultracold atom-molecule conversion efficiency and the feasibility of continuous light. It is shown that the final
adiabatic fidelity of the coherent population trapping state demonstrates a large periodic oscillation with the pulse-laser
intensity. By calculating and analyzing the final adiabatic fidelity and the final maximum adiabatic fidelity, we obtain the
conditions for higher efficiency conversion, which gives the best choice of the pulse-laser intensity, the pulse-delay time,
and the width of pulses. The results show that the scheme of square-shaped pulses we discussed has obvious advantages
compared with that of Gaussian-shaped pulses, which can achieve high adiabatic fidelity and realize higher ultracold
atom-molecule conversion efficiency via employing the pulse-laser field with low intensity. Further detailed comparison
between the square-shaped pulses and the Gaussian-shaped pulses is also given. Particularly, we find that the final
adiabatic fidelity shows a periodic oscillation with the pulse width, which means that the high efficiency atom-molecule
conversion can be achieved by using a pulse field with small width. Moreover, we find that the high efficiency conversion

can also be achieved by using special continuous light under certain conditions.

Keywords: adiabatic fidelity, atom-molecule conversion, coherent population trapping state, stimulated

raman adiabatic passage
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