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Physics on ultracold quantum gases has emerged as a fascinating field of

research in recent years. Peking University, in collaboration with World Scientific
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Advanced, is at the forefront of these groundbreaking studies. In this article, we
will delve into the exciting world of ultracold quantum gases and explore the mind-

boggling advancements being made at Peking University.

What are Ultracold Quantum Gases?

Ultracold quantum gases refer to a state of matter achieved by cooling a gas to
extremely low temperatures, approaching absolute zero. At such temperatures,
the gas enters a quantum regime, displaying bizarre quantum mechanical effects.
The most common types of ultracold quantum gases studied include Bose-

Einstein condensates (BECs) and Fermi gases.
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Applications and Relevance

The study of ultracold quantum gases has far-reaching implications across
scientific disciplines. These gases serve as ideal model systems to study
fundamental quantum phenomena, such as superfluidity, Bose-Einstein

condensation, and quantum phase transitions. Scientists also explore their
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potential applications in quantum computing, precision measurements, and even

simulating complex condensed matter systems.

The Cutting-Edge Research at Peking University

Peking University has established itself as a global leader in the field of ultracold
quantum gases research. The university's state-of-the-art laboratories equipped
with advanced laser cooling techniques and magnetic traps enable researchers to

reach temperatures close to absolute zero.

Bose-Einstein Condensates: From Macroscopic Quantum States to
Quantum Simulators

Peking University's research on Bose-Einstein condensates has made
groundbreaking strides. This state of matter, where a large number of atoms
occupy the same quantum state, allows scientists to investigate fundamental

quantum phenomena on a macroscopic scale.

Moreover, their research goes beyond studying BECs as individual systems.

Peking University researchers are utilizing ultracold quantum gases for quantum
simulation purposes. By engineering artificial quantum systems with controllable
parameters, scientists can mimic and study complex condensed matter systems

that are otherwise challenging to observe directly.

Creating Exotic Fermi Gases and Quantum Fluids

Fermi gases are another fascinating focus of research at Peking University. These
gases consist of fermions, particles that follow the Fermi-Dirac statistics. Using
advanced cooling techniques, researchers can study the behavior of these

particles at ultracold temperatures, where quantum effects dominate.



The ability to manipulate and control interactions between fermions in ultracold
gases opens up new avenues for exploring exotic quantum phenomena, such as
superfluidity and high-temperature superconductivity. Peking University scientists
are at the forefront of pushing the boundaries of our understanding in these

areas.

Collaboration with World Scientific Advanced

Peking University's research on ultracold quantum gases is further bolstered by
its collaboration with World Scientific Advanced, a renowned publisher and
research institution. This partnership allows for the exchange of ideas, expertise,

and the dissemination of the latest discoveries in this rapidly evolving field.

The Future of Ultracold Quantum Gases

The research conducted at Peking University, in collaboration with World
Scientific Advanced, is driving the field of ultracold quantum gases to new
heights. The continuous advancements in experimental techniques, theoretical
models, and interdisciplinary collaborations offer a promising future for our

understanding and practical applications of ultracold quantum gases.

The field of ultracold quantum gases is a captivating arena of scientific
exploration, and Peking University's contributions are revolutionizing our
understanding of this fascinating realm. The collaboration between Peking
University and World Scientific Advanced is propelling the field forward with
innovative research and practical applications. As scientists continue to unlock
the secrets of ultracold quantum gases, humanity stands on the cusp of

groundbreaking discoveries that will shape the future of physics.
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This book derives from the content of graduate courses on cold atomic gases,
taught at the Renmin University of China and at the University of Science and
Technology of China. It provides a brief review on the history and current research
frontiers in the field of ultracold atomic gases, as well as basic theoretical
description of few- and many-body physics in the system. Starting from the basics
such as atomic structure, atom-light interaction, laser cooling and trapping, the
book then moves on to focus on the treatment of ultracold Fermi gases, before
turning to topics in quantum simulation using cold atoms in optical lattices.The
book would be ideal not only for professionals and researchers, but also for
familiarizing junior graduate students with the subject and aiding them in their

preparation for future study and research in the field.
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minds, Sir Isaac Newton...
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