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Quantum information and computing science has made rapid progress recently. This course will
introduce the latest developments in the field of quantum information and computation, including
topological materials, quantum computation, precision measurement and quantum engineering applications.
This course aims at helping students understand the international frontiers of quantum information science,
the future trend of quantum computing, the quantum engineering and technical challenges of quantum
science and technology revolution. It will try to stimulate students' curiosity and inspire enthusiasm for|
exploration of quantum science and technology.

The section of topological materials will introduce the basic physics of topological states, including the
topological band theory, topological insulators, topological superconductors, topological semimetals,
topological quantum computing and the related physical concepts, physical pictures, theoretical models and
the corresponding materials. In addition, it will introduce a few topics of the latest research in this field.

The section of quantum computation will focus on the latest developments in several key experimental
physics systems of quantum computation, such as superconducting quantum computing, spin magnetic

resonance quantum computing, ion trap quantum computing, silicon-based quantum computing, and

quantum measurement control theory. For basic courses related to quantum computing, please refer to other




courses offered by the department of physics and Institute of Quantum Science and Engineering.

The part of precision measurement physics will give a selective introduction of the forward progresses
in this field, based on atomic, molecular and optical physical systems. Let the students deeply understand|
precision measurement, which refers to the use of advanced technology and methods to pursue high
accuracy under the existing physical framework. Finally, we can test the range of existing physics in aj
higher precision and try to find out the limit of the frame so as to discover new physics.

The last part will focus on the engineering applications and related instruments research of quantum
science and technology, and introduce its applications and technical challenges, as well as the international
forefront trends in the R&D of related scientific instruments.
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Teaching Methods

BRI, AT EEE Classroom presentation, lecture supplemented
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Course Contents

Part 1 (#aFppELY Topological Materials

Section 1 HHNEEHT B e Topological band theory

Section 2 —4E P )7 One dimensional topological state

Section 3 24K Topological insulators

Section 4 =YK Three-dimensional topological insulators

Section 5 M SR Topological superconductors

Section 6 4 E T A Topological quantum computation

Section 7 448 1 Topological semimetal I

Section 8 48 I Topological semimetal I1

Section 9 P 4a 254K High order topological insulators

Part 2 (BETFitE) Quantum Computation

Section 1 = EEH R AT Frontiers of quantum measurement control theory

Section 2 S EFIFHEA T Frontiers of superconducting quantum computation I

Section 3 S EFIFAEANE 1T Frontiers of superconducting quantum compuation 11

Section 4 H iR =7 1FF AU Frontiers of spin magnetic resonance quantum
computation

Section 5 = MR T S AT Frontiers of ion trap quantum computation

Section 6 it B U F A AU Frontiers of silicon-based quantum computation

Part 3 CRi 2293 )  Precision measurement physics

Section 1 J5 4316 il Fundamentals of atomic, molecular and optical physics

Section 2 JZ /T 68 Atomic and ionic optical clock

Section 3 A B TSR Ultracold quantum gases

Section 4 JE T+ Atomic interferometer




Section 5 JRFHE 771X Atomic magnetometer
Section 6 FeE T Quantum optics
Part 4 (T#ERF)Y Engineering Applications
Section 1 B THEAE KRB i N

Application of quantum computation in decomposition of large numbers
Section 2 SCHER TR IHGES SRR

Advanced instruments and technologies supporting quantum technology
Section 3 BT EHOERNESE TR

Quantum interaction-free measurement and quantum electron microscope
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Examination; Attendance: 50%, report: 50%
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At the end of the semester, students will prepare a report which including illustration and references
according the class (no less than 3000 words).

Textbook and Supplementary Readings
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Lecture notes, reading materials selected by the instructor




