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dimensional cold atom interferometers (4-D CAIs) are a new sub-field of quantum technologies,

and hold exciting potential for precision measurement. In this project, we have designed,
implemented and demonstrated 4-D CAIs for measuring the recoil of laser cooling. The data

produced by the four time of flight (TOF) measurement of cold atoms allow the full reconstruction
of the center of mass momentum distribution at arbitrary time during the course of cooling. In the

4-D CAIs, the TOF measurements are performed simultaneously on 4 axes, and the recoil is
represented as the recoil direction in each axis. This project is aimed to measure the recoil of
optical cooling and determine the recoil direction in each axis. The project has successfully

measured the recoil during the whole cooling process. This project has helped to obtain more
information about the momentum distribution of cold atoms. One of the important results is that we

used the 4-D CAIs to measure the recoil velocity and momentum of a BEC during the course of
evaporation, obtaining the central peak of BEC momentum distribution at different times and its

velocity during the evaporation. Another project is to control the recoil direction during the cooling
process. The direction of recoil can be changed by moving the end-caps using a piezoelectric

actuator, or by changing the power of the cooling laser. These features are demonstrated through
experiments. In the future, we will improve the performance of 4-D CAIs by finding better

materials for the TOF windows and investigating to find better techniques to make better TOF
resolution and reduce TOF dead time. To improve the performance of 4-D CAIs, we will also

collaborate with other groups working on atom chips. Collaboration is an important step to apply
and develop this technology. The collaboration was initiated by our work on the atom-chip and the

development of TOF detectors for 4-D CAIs. In the future, we will collaborate with others who
work on chip designs, drive coils, and atom chips to develop the four-dimensional atom

interferometer. The Lorentz invariance of fundamental physics has been challenged in some
quantum gravity scenarios, due to extra dimensions. In such scenarios, the energy - momentum

relation is no longer linear, and it may break Lorentz symmetry. In this work, we studied quantum
properties of the energy - momentum relation in the presence of a background vortex
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