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The time of flight period ¢ is 14 ms, and the transport distance r is d.
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Abstract

The quantum reflection and interference of Bose-Einstein condensates (BECs) encountering a potential barrier or
well is one of the most efficient ways of studying the exotic properties of macroscopic matter waves. As a matter of fact,
one can reveal the quantum nature, coherence properties, and many-body effects as well as the potential applications
of ultracold atomic gases by virtue of the quantum reflection and interference of BECs. Although there have been
extensive investigations regarding the quantum reflection and interference of single-component BECs, so far there have
been very few studies regarding those of multi-component BECs. In this work, we investigate the quantum reflections
and interferences of spin-dependent BECs in semi-infinite potential wells by using the propagation method and the time-
of-flight imaging scheme which is widely used in cold atom experiments. We obtain the exact analytical solutions of the
spin-dependent condensate wave functions in the semi-infinite potential wells. It is shown that once the spin-dependent
optical lattice is switched off the spin-dependent matter wave packets delocalized in different lattice sites interfere with
each other during the free expansion. Consequently, the interference fringes with high contrast are formed. At the same
time, the expanded spin-dependent matter waves encounter the hard wall of the semi-infinite potential well, which leads
to a quantum reflection. There is a double interference between the reflected wave and the freely expanded incident
wave, which is characterized by the significant modulation effect in the interference patterns. Concretely, there exist
intense density oscillations in several symmetric and local regions of the interference fringes. Essentially, the double
interference is a self-interference of BECs, and it results from the interference between the spin-dependent BEC and the
BEC image, where the hard wall severs as a mirror plane. Therefore it is similar to Young’s double-slit interference
in wave optics, and a standing wave node is formed at the trap wall. In particular, the positions and the intervals of
the local density oscillations in the interference patterns are determined by evolution time, laser wavelength and laser
intensity, which is verified in the numerical simulations and calculations. In addition, the effects of spin state, transport
distance, and relative phase on the interference fringes are analyzed and discussed. The present investigation is helpful
in understanding the macroscopic quantum properties of the spin-dependent BECs, and provides a new scheme to test

the theoretical model and physical mechanism of the condensate interference in a spin-dependent optical lattice.

Keywords: spin-dependent Bose-Einstein condensates, semi-infinite potential well, quantum reflection,

quantum interference
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