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[Abstract] Discovery of new physical phenomena often benefits from invention of novel experimental techniques.
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The development of cooling techniques has been advancing many areas in physics including condensed matter
physics. atomic physics, and so on. It has given birth to superconducting magnets, cryoelectron microscopy, and
other important discoveries and technologies which are restricted in low-temperature environment. The past decades
witnessed a prodigious advance of laser cooling technology. based on which scientists have been able to carry
experimental studies on quantum mechanics and statistical mechanics at extremely low temperatures. For example,
the novel matter of Bose-Einstein condensation has been realized, and coherent control of many-body quantum
systems can be performed at single-atom level. Furthermore, the dimension of the many-body Hilbert space
increases exponentially with the number of particles in a quantum system, which results in a formidable task for
numerically modeling the system consisting a large number of particles with classical supercomputers. Quantum
simulations based on ultracold atoms, ions, superconductors, and etc. open an avenue for efficiently solving the
above hard problems, becoming hot research topics gradually. Nowadays., we can create artificial quantum systems
with unprecedented capabilities of coherent control, thereafter drive and observe quantum phase transitions, which
provides a new way to study strongly correlated quantum systems. With traditional cooling techniques based on
thermodynamics, the temperature limit that can be reached is at the level of millikelvin. In contrast, laser cooling
techniques are based on the interaction between light and atoms, with which the temperature of ultracold atoms has
reached the order of nanokelvin. This progress has greatly promoted the researches of quantum simulation with
ultracold atoms. Although the temperature of nanokelvin is far below that achieved with traditional cooling
techniques, it is necessary to further cool the atoms for strengthen the quantum effect as the interacting energy
between neutral atoms is comparable with the thermal energy of atoms at nanokelvin. Therefore, an even lower
temperature would suppress thermal fluctuations while enhance quantum fluctuations. Deep cooling becomes one of
the most critical topics in quantum simulation with ultracold atoms. In this paper. we review atom cooling
techniques developed since the 1970s, and conclude with an outlook about the future of ultracold atom physics from

the perspective of engineering entropy of quantum systems.
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