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F. Bechstedt ) Springer 2003
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The purpose of this course is to provide students with a solid background on the quantum theory of
fields. This is a subject nowadays ubiquitous in physics, which cannot be ignored by undergraduate or
Ph.D. students who want to become successful theorists active in high energy physics of condensed
matter. The course is then organized is such a way to empower students to calculate any kind of
Feynman diagrams and cross section in Quantum Electrodynamics, which is the main topic of the
course. Besides this latter, we will also focus on more theoretical issues, such as renormalizability, and
spontaneous symmetry breaking, including the Higgs mechanism. The overall objective of the course
will be then to drive students toward an autonomous ability of learning, analyzing problems and
providing original solutions to questions provided over the written exams. Text of written exams are
similar to the selection proves assigned to enter the most advanced and renown PhD program in high
energy physics in the world. The goal of this class is then to have students able to compete with their

colleagues in other top institutions in the world.

= REEFAE (FETVIZHRAARR)

1 The photon and the electromagnetic field

2 Classical formulation of a field theory

3 Quantization of the scalar field

4 Quantization of the Dirac field

5 Covariant quantization of the electromagnetic field

6 Perturbative expansion of the S-matrix

7 Perturbative expansion in quantum electrodynamics

8 Selected topics of renormalization theory

9 Weak interactions

10 Gauge theory of the Weak Interactions and Electromagnetism
11 Spontaneous symmetry breaking and the Higgs boson

N ESH TR

[1] F.Mandl and G.Shaw, Quantum Field Theory, J.Wiley 1995 .

[2] Notes from N. Cabibbo on the "Covariant quantization of the electromagnetic field".
[3] Notes from N. Cabibbo on the "Compton effect."

[4] Notes on the process e+e= to mu+ mu=:

[5] Notes from N. Cabibbo on "Bremsstrahlung and infrared divergency."

[6] Notes from N. Cabibbo on "Super_cial divergencies in Quantum Field Theory."

[7] Notes from N. Cabibbo on "Weak interactions: Fermi theory, muon and neutron decays."
[8] Notes from N. Cabibbo on "Leptonic decay of the W boson."

[9] Notes from N. Cabibbo on "Gauge Invariance."

[10] Notes from N. Cabibbo on "Electron-neutrino scattering."

[11] Notes on "The Higgs boson: cross section and detection."

8.9 W4 JUAIMIE (W)
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TREIRS Introduction to differential geometry and application in physics

R
WAERG | Tk B RE
Hep Linear a'lgebra, Calculus, Classical e

mechanics

#2252 | Lectures HERHR ?g;nework 80% + final exam
BWREER

= HFENMEFER

We will learn the following subjects.
1. differential manifolds, Riemannian manifold, complex manifolds
2. theory of differential forms, harmonic forms
3. vector bundles, connections, curvature, characteristic classes
4. homology, cohomology, fundamental groups, homotopy groups
relations to physics such as electromagnetism, general relativity, quantum physics, condensed

matter physics

Course Requirements:

(1) Master the basic knowledge and basic theory of mechanics, construct their own knowledge
structure of 2d CFTs, and deeply understand the systemicity, rigor and integrity of the mechanics
system.

(2) Greatly improve the ability to understand and analyze problems in 2d CFTs.

(3) Have a critical spirit and a good ability to express.

(4) Comprehensively improve the literacy of physics and lay a solid foundation for further study
of other physics courses.

(5) Improve the ability to discover, ask, think, solve, and acquire new knowledge in learning and

work.

=, REEFAE (AEVHIRAAER)

In this course, | will explain basics of differential geometry and topology and their applications to
physics. The theory of differential forms is indispensable for Maxwell's electro-magnetic theory.
Einstein's general relativity has been established based on Riemannian geometry. Non-perturbative
quantum effects like Aharonov-Bohm effect, Dirac monopoles, Berry phase, quantum Hall effects,
instantons, and anomaly have deep connections to vector bundles and characteristic classes. Therefore,

this course introduces to basic concepts of differential geometry and topology. In addition, | will explain
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many aspects of physics from the viewpoint of geometry and topology. The course will be taught in
English.

lecturel (Introduction and Euler characteristics)

lecture2 (manifolds, tangent spaces, vector fields, tangent bundles)

lecture3 (cotangent bundles, differential forms)

lecture4 (de Rham cohomology, metric, harmonic forms, Hodge theorem, Poincare duality)
lecture5 (Riemannian geometry, Eintein equations, Gauss-Bonnet theorem)

lecture6 (homotopy, fundamental groups, homotopy groups)

lecture? (simplicial complex, homology, Lefschetz fixed-point theorem, Poincare-Hopf theorem)
lecture8 (Lie groups, Lie algebras, vector bundles)

lecture9 (principal G-bundles, connections, curvatures, Yang-Mills action)

lecturel0 (characteristic classes, Chern-Weil theory)

lecturell (flat connections, Chern-Simons theory)

lecturel2 (index theorem, Hirzebruch-Riemann-Roch theorem, anomaly, supersymmetry)
lecturel3 (quantum Hall effects)

lecturel4 (Topological phases of matters)

lecturel5 (topological insulator)

lecturel6 (Weyl semimetal)

B MEESETR-
= B RSE TR LR A At HARER
(Z3(P™ WP S IO LRI (56 2 iR) | b sk 2007 4F
Shigeyuki Morita Geometry of differential forms American 2001
Mathematical
Society
8.10 HF R /1%
Y EZKE:%\
WA PHYS130080 224 3 et |3
N, —IER TR =g VU4E 2R
PR =T % T % | & | % | & | % | &
BT

Advanced Electrodynamics

R

WA | Ll

TBRE | Hzh . BeEr | BERE
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1. Mathematical preliliminaries and Maxwell equations
2. Conducting and dielectric matters, quantum dots
3. Laplace and Poisson’s equation, Green’s function
4. Magnetostatics, magnetic multipoles, magnetic matter
5.  Waves in vacuum, simple matter, dispersive matter, and effective media
6. Scattering and diffraction: Thomson, Raleigh, Mie scattering
7. Special relativity: Covariance of physical laws, EOM of charged particles and spins
EMAEESER R
e BMRSE R H AL HIRFEH
Andrew Zangwill Modern Electrodynamics Cambridge University Press 2012

L. D. Landau, E. M. Electrodynamics of Continuous )

o . . . Butterworth-Heinemann 1984
Lifshitz, L. P. Pitaevskii Media

J. D. Jackson Classical Electrodynamics Wiley 1999
David J. Griffiths Introduction to Electrodynamics Benjamin Cummings 1999
Introduction to Wave Scattering,
Ping Sheng Localization, and Mesoscopic Academic Press 2006
Phenomena
8.11 R Mt
— EXER
WA PHYS130124 e 3 et |3
AR ] —AER AR =AELR VULE 2
K 1 K = K 7 K =
W . .
Nonlinear Optics
B
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1.
. Lagging Pendulum

Invent yourself

. Acoustic Lens

. Super Ball

. Ultrahydrophobic Water
. Electric Honeycomb

. Hot Water Fountain

. Magnetic Train

. Water Waves

10. Light Rings

1. Rolling on a Disc

12. Van der Pauw Method
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13. Paper Vice
14. Sensitive Flame

16. Frisbee Vortices
17. Crazy Suitcase

R
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15. Contactless Calliper
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LocHess B VERE SR B S ORE | K EORS HRHE 2004
An Introduction to Error University Science
John R. Taylor ) 1997
Analysis Books
. . . Cambridge University
G.L. Squires Practical Physics 2001
Press
o L Cambridge University
John H. Moore et al Building Scientific Apparatus 2009
Press
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In the last 15 years, cosmology has become a mature research field, especially thanks to new high
precision observational data. The success of the Standard Model of the Hot Big Bang confirms the
validity of its two main ingredients, general relativity and the Standard Model of particle physics.
Despite that, current observations definitively require new physics. The origin of the present
acceleration rate of the expansion of the Universe is completely unknown. The rotational velocity
curves of galaxies and other observations require the existence of dark matter, which cannot be made
of particles of the Standard Model. The observed asymmetry between matter and antimatter cannot
be explained in the context of the Standard Model of particle physics. An accelerated expansion rate
era in the very early Universe, usually referred as inflation, also requires physics beyond the Standard
Model.

The aim of this course is to provide the students a basic knowledge of the evolution of the Universe
according to the Standard Model of Hot Big Bang, pointing out its successes (expansion of the universe,
primordial formation of light elements, cosmic microwave background radiation) and its limitations. The
latter are the strongest motivation for the search of new physics beyond the Standard Model of particle
physics. Cosmology can also be a powerful tool to constrain new physics and it can therefore be seen as
an alternative to colliders on Earth to probe high energy particle physics phenomena.
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Week 1: Introduction

Week 2: Brief review of general relativity

Week 3: Brief review of the Standard Model of particle physics
Week 4: FRW metric and cosmological models
Week 5: Thermadynamics in the early Universe
Week 6: Big bang nucleosinthesis

Week 7: Cosimc microwave background radiation
Week 8: Inflation

Week 9: Phase transitions

Week 10: Baryogenesis

Week 11: Dark matter

Week 12: Dark energy

Week 13: Cosmic rays

Week 14: Successes and limitations of the Standard Model of the Hot Big Bang
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The aim of this course is to provide the students a basic knowledge of the evolution of the Universe
according to the Standard Model of Hot Big Bang, pointing out its successes (expansion of the universe,
primordial formation of light elements, cosmic microwave background radiation) and its limitations. The
latter are the strongest motivation for the search of new physics beyond the Standard Model of particle

physics. Cosmology can also be a powerful tool to constrain new physics and it can therefore be seen as

an alternative to colliders on Earth to probe high energy particle physics phenomena.
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Week 1: Introduction

Week 2: Brief review of general relativity

Week 3: Brief review of the Standard Model of particle physics
Week 4: FRW metric and cosmological models

Week 5: Thermadynamics in the early Universe

Week 6: Big bang nucleosynthesis
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Week 8: Inflation

Week 9: Phase transitions

Week 10: Baryogenesis

Week 11: Dark matter

Week 12: Dark energy

Week 13: Cosmic rays

Week 14: Successes and limitations of the Standard Model of the Hot Big Bang

Week 7: Cosimc microwave background radiation
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Electronic Structure: from theory to source code
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3 weeks intensive course with 5

#HEH R | classes and 1 assignment  per | EEF R

week.

Evaluation of the weekly
assignments

WEER
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WREE AN

Material science and condensed matter theorists extensively employ in their research ab initio atomistic
simulations as implemented in a number of widely available software codes. Most often these tools are
used as 'black boxes' with little or only partial knowledge of the practical implementation of the general
theoretical ideas they are based on. This is a particularly severe drawback when new theoretical
developments, analysis tools or computational experiments can not be pursued due to the lack of
insight on the internal structure of the employed research software. This course, as a special course in
the computational physics, is to teach students how the density functional theory become a code, which
can be used as a powerful tool to study the electronic structure of solid.

H¥EEF:

The aim of this course it to address the above mentioned issue providing the students with a detailed
knowledge of the internal design of state of the art electronic structure codes, filling the gap that exists
between the knowledge of the general principles underlying modern atomistic simulations and their
practical implementation in actual codes. Tools and codes available in the Open Source Quantum
ESPRESSO software distribution will be used as working examples.
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-Introduction to DFT: Hohenberg-Kohn theorem and Kohn-Sham equations; variational principle and
Hellmann-Feynman theorem.

-General description of a plane-wave pseudo-potential code.

-Building up the system: pseudo-potentials (norm-conserving, ultra-soft, Projector Augmented Waves
method).

-Parallelization tools and strategies: data and workload distribution; MPI and OpenMP; different
parallelization levels.

-Solving the KS equations: iterative diagonalization, efficient evaluation of the KS Hamiltonian by dual
space formalism and Kleinman-Bylander pseudo-potential decomposition.

-How to use crystal symmetry to reduce the computational workload. Gamma point vs generic k-point
sampling.

-Building the new charge density: Brillouin zone sampling, US/PAW augmentation charges, charge
density mixing.

-Building the new potential: Hartree potential and corrections for isolated systems, xc functionals (no
hybrids).

-advanced xc functionals: hybrids. Implementation and challenges.

-Density functional perturbation theory and lattice dynamics calculations.

-Further optional topics: spin orbit and relativistic extensions; electron-phonon interactions; modern
theory of macroscopic polarization, Car-Parrinello molecular dynamics.

M MBESETHRL

[1] Theoretical background material: Richard M. Martin 'Electronic Structure. Basic Theory and

Practical methods', Cambridge University Press. 2004.
[2] Code background material: information about the Quantum ESPRESSO software distribution

can be obtained visiting the project website www.quantum-espresso.org where the source code

can be downloaded and its documentation accessed.

[3] Slides of the lectures will be made available to students prior (or immediately after) lecture

delivery.
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Molecular dynamics with advanced tools for specials applications

FHLH: Introduction to electronic structure calculation
#J\J:  Hatree-Fock method for atom and solid
ZFILF:  Density functional theory-|
#+JF:  Density functional theory-II
Z+—J: Exchange and correlation functionals (LDA. GGA. +U. HSE)
%+ 4. Applications of machine learning-|
#+=J4: Applications of machine learning-I|
Z-HDUJE: frontier of computational condensed matter physics
-+ FJ: frontier of computational condensed matter physics
HFi-+75H: final examination
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1. Introduction
1.1 What are the soft condensed matters
1.2 Classification of soft condensed matters
1.3 Major characteristics of soft condensed matters
1.4 Why soft condensed matter physics
2. Interaction of atoms in soft matter
2.1 Chemical bond and physical bonds
2.2 Electrostatic double-layer forces
2.3 Entropy in disordered Systems
2.4 Forces between Molecules
2.5 van der Waals forces between macroscopic Particles
3. Phase transitions in colloidal suspensions
3.1 Phase transitions in soft matter
3.2 Liquid-liquid unmixing---equilibrium phase diagrams
3.3 Liquid-liquid unmixing-kinetics of phase separation
3.4 The liquid-solid transition-freezing and melting
3.5 A single colloidal particle in a liquid-Stokes' law and Brownian motion
3.6 Stability and phase behaviour of colloids
4. Fractals and Chaos
4.1. The chaos game
4.2 Irregular fractal
4.3. Measurement of fractal dimension
4.4 Physical mechanism of fractals
4.5. Fractal and chaos -- logistic equation
4.6. Models of fractal growth in soft matters
4.7. Other applications
5. Introduction—phenomena of electrorheological (ER) and MR fluids and their applications
5.1 Basic phenomena
5.2 The structure of ground state of ER fluids
5.3 Magnetic suspensions
6. Model of polarizations Il — not considering conductivities of particles and fluids
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6.1 Five types of polarizations
6.2 Point dipole model
6.3 The effect of multiple moment and many-body effect
6.4 Dipole-induced-dipole model
6.5 Interfacial polarization (Maxwell-Wagner model)
6.6 The interaction potential and the electric field polarization force of the neighboring particles in
a particle chain arranged along electric field
7. When oil and/or particle conductivity are counted
7.1 Oil is not conducting, but particle surface is conducting
7.2 The effect of nonlinear conductivity of oil
7.3 Current between particles
7.4 Measurement of electric field between partticles
8. Dynamic formation of particle structure
8.1The simulation of particle structure formation —— mean cluster size
8.2 The dependences of electric field frequency and electric field intensity on static shear stress
8.3 Shear stress under static shear flow and transient electric field
8.4 Dynamic response of non-Brownian motion
8.5 Lamellar structure — the stability of particle cluster under shear
8.6 Lamellar structure — criterion of electrorheological activity
9. Granular materials
9.1 Phenomena
9.2 The models describing granular motion
9.3 Experiments for granular materials
10. Droplets and emulsions
10.1 Droplets splashing
10.2 Droplets drying
10.3 Coalescence of droplets
10.4 Pickering emulsions
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