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组成世界的粒子

夸克

轻子

规范玻色子

粒子物理学标准模型
17种基本粒子

分子
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宇宙中基本的粒子

1

𝑖
𝛾𝜇𝜕𝜇𝜓 +𝑚𝜓 = 0

狄拉克

正电子的发现（1932）

这种反粒子与自身不同的费米子
我们叫做 狄拉克费米子。

量子力学+相对论=狄拉克方程

计算出费米子能量为𝐸 = ± 𝑐2𝑝2 +𝑚2

狄拉克费米子的世界

负的能量预言了反粒子。



𝜎𝜇𝜕𝜇𝜓 = 0

外尔

马约拉纳

外尔想到：当狄拉克费米子无质量时，狄拉
克费米子可以视为左手的外尔费米子与右手
的外尔费米子组合

马约拉纳则构想了一种自己是自己的反粒子
的费米子

但到目前为止，宇宙中的基本粒子中只发现了狄拉克费米子！
我们将如何去发现新的粒子？

宇称不守恒

马约拉纳费米子的世界

宇宙中基本的粒子



More Is Different

多者异也！
将所有事物还原为简单的基本定律的

能力并不意味着从那些基本定律出发并重
建整个宇宙的能力。

我们不断还原去得到最基本的粒子

从非常简单的相互作用之中展示出复杂的结构和模式（pattern）

安德森



晶格的振动
声子

phonon

铁磁体中的磁矩振动
磁振子
magnon

固体材料中有些集体行为。从大量基本粒子
的复杂相互作用中产生，表现得像是一个粒子一
样。

“准粒子”



什么是准粒子?

“基本”粒子 准粒子

 有固有的量子属性
(质量，自旋，电荷)

 遵从某一个物理方程

 也表现出固有的量子属性
(质量，自旋，电荷)

 也遵从与前者一样的物理
方程



固体宇宙

超流的玻色子——库伯对
• 超导的基础
• 无损耗的运动无质量的狄拉克费米子

质量为0
具有相对论的效应

外尔费米子

我们的宇宙波澜壮阔，我们的材料也丰富多彩。同样的电子在
不同的材料中，可以被“装饰”成各种各样不同的准粒子

电子



Dirac & Weyl fermions

m=0

(Massless) Dirac fermion Weyl fermion

Paul Dirac Hermann Weyl

P or T breaking



Band dispersions
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Parabolic E ∝ k2

m*

E
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Linear E ∝ k1

m* → 0

E
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Flat E ∝ k0

m* →∞



Band design by controlling lattice geometry 

Honeycomb lattice

𝐻 = −𝑡

𝑖

𝑎𝑟𝑖
† 𝑏𝑟𝑖+𝑒1 −𝑡

𝑖

𝑎𝑟𝑖
† 𝑏𝑟𝑖+𝑒2 − 𝑡

𝑖

𝑎𝑟𝑖
† 𝑏𝑟𝑖+𝑒3 + ℎ. 𝑐.

𝐸± 𝑞 ≈ ±𝑣𝐹 𝑞 + 𝑂[(𝑞/𝐾)2]

𝑣𝐹 = 3𝑡𝑎/2



Kagome lattice: flat band & Dirac band

Tight-binding modeling

Kagome lattice

𝜖± = 𝑡[1 ± 4 cos2 𝑘1 + cos2 𝑘2 + cos2 𝑘3 − 3]

𝜀 = −2𝑡

𝐻 = 𝑡 

<𝑖,𝑗>

Ƹ𝑐𝑖
† Ƹ𝑐𝑗 + ℎ. 𝑐.

Linear band

Flat band



Kagome lattice: ideal platform to exploit rich physics 

Linear band

Flat band

Linearly dispersive bands
hosting massless fermions

Flat bands hosting superheavy fermions

Topology, strong correlation, magnetism, relativity, …



Outline

Fe3Sn2

FeSn

CoSn

Novel properties in kagome lattices

➢ Flat band and HT ferromagnetism

➢ Flat band and anomalously giant
magnetic & transport anisotropy

➢ Antiferromagnetic Dirac semimetal

Linear band

Flat band

PRB 102,155103 (2020) 
Editors' Suggestion

PRL 121, 096401 (2018) 
Cover story, Editors' Suggestion

PRL 128, 096601 (2022)



Dirac Point and its protection

Symmetry protection for Dirac point

• Doubly degenerate band

PT symmetry

P: space-inversion symmetry
T: time-reversal symmetry

• Band crossing

Non-symmorphic symmetry

(Screw rotation or gliding mirror)

Four-fold degenerate Dirac points are unstable



Previous demonstration of nonmagnetic Dirac semimetal 

Liu et al., Science 343, 864 (2014)

Nonmagnetic Na3Bi with both P and T symmetries



Magnetic Dirac semimetal?

Antiferromagnetic

• Doubly degenerate band

P and T symmetries absent separately

Combined PT symmetry survived

PT symmetry possibly survived

Ferromagnetic PT symmetry broken



3D antiferromagnetic Dirac semimetal: theory

CuMnAs and CuMnP: AFM coupling between Mn atoms

Protected by PT + 𝑆2𝑧 symmetries

Dirac points

Experimentally not validated
Zhang et al., Nat.Phys.12, 1100 (2016)

Non-symmorphic symmetry



Magnetic Dirac semimetal in kagome compounds?

Kagome lattice

Antiferromagnetic kagome lattice:
An ideal platform to exploit massless Dirac fermions

Linear band



Antiferromagnetic kagome compound FeSn

Top view Perspective view

Fe-Sn layer

Sn layer



Antiferromagnetism and symmetry

L Häggström et al. Phys Scripta,11,47-54 (1975)

➢ Néel temperature 366 K
➢ In-plane FM order, out-of-plane AFM order
➢ T and P broken
➢ Combined PT symmetry survived

Spins in plane, along [3.73 1 0]

S K Kulshreshtha et al. J.Phys.F:metal Phys,11,281 (1981)



Band structure of FeSn bulk: theory

With SOC

• Gap opening along the nodal line (<30 meV)
• Dirac point at H protected by PT and 𝑆2𝑧

(screw rotation) symmetries



Dirac bands in FeSn: ARPES

Dirac points at H/H’ around 0.4 eV below EF

130 eV: kz=π MDC



Symmetry       Topology

Massless Weyl

Massless Dirac

Doubly degenerate band
PT symmetry

Band crossing
non-symmorphic symmetry S2z

Massive Dirac

Symmetry control induced topological phase transition



S2z symmetry breaking: spin reorientation

Spin out-of-planeSpin in-plane 

Massive Dirac fermion

𝑆2𝑧 symmetry 𝑆2𝑧 symmetry broken

Gap of 70 meV

Massless Dirac fermion



PT symmetry breaking: ferromagnetization

AFM FM

Weyl fermionDirac fermion



PT symmetry breaking: surface Stark effect

A Dirac point composed of a pair of Weyl
points with opposite chirality residing in
adjacent Fe3Sn kagome layers

Surface potential breaking the PT symmetry
Paired Weyl points residing in the first and second Fe3Sn layers no longer degenerate in energy

Real-space separated Weyl-like bandsDirac bands

-0.25 eV -0.4 eV



Experimental verification of 2D Weyl-like states at the surface

➢ Band crossing at തK point around -0.21 eV



Symmetry breaking induced topological phase transitions



Lin et al., Phys. Rev. B 102, 155103 (2020)

Editors’ Suggestion



Linear band

Flat band



In a flat band, the kinetic energy of electrons
is quenched, this highly degenerate energy
level becomes an ideal platform to achieve
strongly correlated electronic states

Flat band induced emergent effects: theory

Mielke et al., J.Phys.A:Math.Gen.24, L73 (1991)

Ferromagnetism

High-temperature FQHE

Wigner crystalization

Bose-Einstein condensation

Wen et al.,PRL.106,236802 (2011)

High temperature superconductivity

Wu et al.,PRL.99,070401 (2007)

Huber et al.,PRB.82,184502 (2010)

Imada et al.,PRL.84,143 (2000)



Fascinating flat band physics in magic-angle twisted bilayer graphene

Correlated insulator

Superconductivity

Ferromagnetism

3/4 filling

Band structure 

θ
=1.05°

Twisted bilayer graphene

Cao et al., Nature. 555, 80 (2018)

Cao et al., Nature. 556, 43 (2018)

Sharpe et al., Science. 365, 605 (2019)

MacDonald et al., PNAS 108, 12233 (2011)



Outline

Fe3Sn2

FeSn

CoSn

Novel properties in kagome lattices

➢ Flat band and HT ferromagnetism

➢ Flat band and anomalously giant
magnetic & transport anisotropy

➢ Antiferromagnetic Dirac semimetal

Linear band

Flat band

PRB 102,155103 (2020) 
Editors' Suggestion

PRL 121, 096401 (2018) 
Cover story, Editors' Suggestion

PRL 128, 096601 (2022)



Understanding the flat band in kagome lattice

𝜓𝑘 = (sin 𝑘3 , −sin 𝑘2 , sin )𝑘1
𝑇

Bloch state of the flat band

𝜓𝜇𝜎 =
1

6


𝑖∈𝜇

−1 𝑖𝑑𝑖𝜎
† | ۧ0

In real space

➢ Wavefunction alternates its sign around
the six vertices in each hexagon

➢ Flat band arises from the local destructive
interference of the Bloch wave functions

Flat band

Definitive experimental demonstration of flat bands in kagome lattice 
remains to be accomplished



Ferromagnetic kagome compound 𝐅𝐞𝟑𝐒𝐧𝟐

Fe atoms form quasi-2D kagome lattice in each Fe-Sn layer

Perspective view Top view



𝐅𝐞𝟑𝐒𝐧𝟐 surfaces

Two surface Terminations: Fe-Sn-1 and Sn layers



ARPES results

Second derivatives

Photon energy 35 eV, surface sensitive

A nearly dispersionless surface flat band at ~0.2 eV below 𝐸𝐹



Scanning tunneling spectra on the Fe-Sn-1 surface

➢ DI/dV spectra: a prominent peak at ~-0.2 eV
➢ Consistent with ARPES observation of a flat band at ~-0.2 eV 

Fe-Sn-1 surface



Ferromagnetism of 𝐅𝐞𝟑𝐒𝐧𝟐

• 𝑀𝑠 = 1.94 𝜇𝐵 (2 K)
• 𝑇𝑐~610 K

Bulk

AFM MFM

Ferromagnetic behavior observed 
➢ in Fe3Sn2 bulk by VSM
➢ near the surface by MFM

Surface

300K



Ferromagnetic state vs nonmagnetic state

Nonmagnetic Ferromagnetic

➢ Nonmagnetic state: Several nearly flat bands near 𝐸𝐹

➢ Ferromagnetic state: A splitting of ~2.4 eV between the majority-
and minority-spin bands

➢ Ferromagnetic configuration is more stable than the nonmagnetic 
one by 2.8 eV per unit cell 



Stoner criterion

Fe3Sn2
➢ Effective on-site Coulomb interaction U within the hexagonal cell ~1.15 eV

➢ High DOS of the flat bands at the Fermi level for the nonmagnetic state

Stoner criterion of ferromagnetism:

𝑈 ∙ 𝑛(𝐸𝐹) > 1

• 𝑈: Coulomb interaction energy
• 𝑛(𝐸𝐹): density of states at the Fermi level

Ferromagnetic order



➢ Local spin polarization due to the intramolecular exchange of localized
electrons around each hexagon

➢ Such spin moments coupled with each other via the intermolecular
correlation through a unique network of the hexagons

FM Mechanism of 𝐅𝐞𝟑𝐒𝐧𝟐: a real space picture



Ferromagnetism in 2D van der Waals crystals

Cr2Ge2Te6

CrI3

Magnetic atoms are ferromagnetically
coupled with the interelectronic
exchange J



adiabatic

Lin et al., Phys. Rev. Lett. 121, 096401 (2018) Editors’ suggestion, highlighted on the cover



Outline

Fe3Sn2

FeSn

CoSn

Novel properties in kagome lattices

➢ Flat band and HT ferromagnetism

➢ Flat band and anomalously giant
magnetic & transport anisotropy

➢ Antiferromagnetic Dirac semimetal

Linear band

Flat band

PRB 102,155103 (2020) 
Editors' Suggestion

PRL 121, 096401 (2018) 
Cover story, Editors' Suggestion

PRL 128, 096601 (2022)



Paramagnetic kagome compound CoSn

Top viewPerspective view

Paramagnetism: to exclude any effect from long-range magnetic order



➢ Nearly dispersionless flat band around 𝐸F

➢ Band width smaller than 0.1 eV

ARPES DFT

Band structure of CoSn



Anomalously giant electronic transport anisotropy

Quasi-2D kagome lattice

𝜌//𝑎𝑏 ≫ 𝜌⊥𝑎𝑏

Edman et al., Phys. Rev. B 57, 6227 (1998)

Conventional quasi-2D materials

𝜌//𝑎𝑏 ≪ 𝜌⊥𝑎𝑏

𝜌//𝑎𝑏

𝜌⊥𝑎𝑏
≈ 5×10-3

➢ Metallic RT behavior
➢ In-plane resistivity  much larger than out-of-plane resistivity

Anomalously giant anisotropy:  
𝜌//𝑎𝑏

𝜌⊥𝑎𝑏
≈ 60 at 2 K



Flat band mechanism

At the atomic scale:
Self-localization of the flat band electrons in each hexagon

Flat band in kx-ky plane L-H

Γ-A

34
m

m






In-plane m* much larger 
than out-of-plane m*

𝜌//𝑎𝑏 ≫ 𝜌⊥𝑎𝑏

𝜎 = 𝑛𝑒2𝜏/𝑚∗

kz direction: dispersiveKx-ky plane: flat



1. arXiv: 1906. 07140 (2019) 2. Phys. Rev. Appl. 5, (2016)

4. arXiv: 1902. 06601, (2019)

3. Phys. Rev. B 103, 014416 (2021)

5. J. Phys. Soc. Jpn. 88, (2019) 6. Sci. Adv. 5, 9867, (2019)

Comparison with other kagome compounds

➢ Flat bands locate just around the Fermi level

➢ No long-range magnetic order

Why much larger anomalous resistivity 
anisotropy in CoSn? 

𝜌//𝑎𝑏 > 𝜌⊥𝑎𝑏



Anomalous diamagnetism along the perpendicular direction

➢ Pauli paramagnetism, with magnetic-impurity contribution below 36 K

➢ Giant magnetic anisotropy: 

Δχ = χ⊥ab-χ//ab = -8.6×10-5 emu·G-1·mol-1

➢ Additional diamagnetism along the out-of-plane direction

Absence of long-range magnetic order

Superior to investigate the intrinsic 
magnetic properties of kagome lattice



Flat band contributed orbital diamagnetism in CoSn

Red: DFT
Blue: Wannier

Negative orbital 
magnetism 



Real-space scenario for the flat-band negative magnetism

Orbital diamagnetism in benzene ring In kagome lattice, flat-band electrons are sel-
localized in the hexagons, similar to the benzene case

Aromatic molecule

Orbital diamagnetism in kagome lattice





Summary

Kagome lattice:

➢ Rich Dirac/Weyl & flat-band physics

➢ Ideal platform to exploit novel magnetic, topological and
strongly correlated physics

➢ New-concept applications: topological spintronic devices





Intriguing Weyl physics

▪ Open Fermi arcs ▪ Chiral anomaly

▪ Large Berry curvature
→ AHE

▪ Weyl orbits→ 3D QHE▪ Fermi arcs 
→ Quantum oscillations

T. Liang et al., Nat. Phys. 14, 451-455 (2018) C. Zhang et al., Nature 565, 331 (2019)Andrew C. Potter et al., Nat. Commun. 5, 5161 (2014)

S. Y. Xu et al., Science 349, 613 (2015) Q. Li et al., Nat. Phys. 12, 550 (2016)



Typical systems

TaAs NbAs

Mn3Sn (AFM) Co3Sn2S2 (FM)

S. Xu, et al., Science 349, 6248 (2015) C. Lee, et al., Phys. Rev. B 92, 235104 (2015)

K. Kuroda, et al., Nat. Mater. 16,1090 (2017) E. Liu, et al., Nat. Phys. 14, 1125 (2018)

TaAs family

Magnetic systems

All semimetals !

P breaking

T breaking



Weyl semiconductor?



Te: an ideal element Weyl semiconductor candidate

▪ Strong spin-orbit coupling
▪ Chiral structure without inversion symmetry
▪ Direct narrow band gap p-type semiconductor  (0.38 eV)
▪ 1D helical vdW material 



Structure

▪ Single crystalline
▪ No detectable impurities
▪ Non-magnetic 

Rod-like crystals
Physical vapor deposition



Band structure

➢ Weyl points in VB

➢ Fermi level across VB
(hole doping)

Promising to study Weyl physics



Vacancy-induced hole doping



Basic transport characterization

• Typical transport behavior of doped semiconductor
• Relatively low carrier density

Extrinsic regionFreeze-out region



Nielsen & Ninomiya, Phys. Lett. B 130, 389 (1983)
Son & Spivak, Phys. Rev. B 89, 054202 (2013)

Negative MR effect: signatures of chiral anomaly



Q. Li, et al., Nat. Phys. 12, 550 (2016)

▪ TaAs

▪ GdPtBi

▪ ZrTe5

▪ Co3Sn2S2

X. C. Huang et al., PRX, 5, 031023 (2015)
C. L. Zhang et al., Nat. Commun. 7,10735 (2015)

M. Hirschberger et al., Nat. Mater. 15, 1161 (2016)
E. K. Liu. et al., Nat. Phys. 14, 1125 (2018)

Negative MR effect: signatures of chiral anomaly



Negative MR when B//I

➢ NMR magnitude up to 22% at 14 T and 25 K

➢ Comparable to that for Weyl semimetals (WTe2, Co3Sn2S2)

➢ NMR degraded with increasing temperature due to the thermal effect 
but still observable up to ∼100 K



Temperature dependence

𝜎 𝐵 = 1 + 𝐶w𝐵
2 ⋅ 𝜎WAL + 𝜎N

𝐶w: chiral coefficient, measuring chiral 
anomaly contribution to the conductivity

𝐶w ∝ 𝑣F
3𝜏𝑣/(𝑇

2 + 𝜇2/𝜋2)

Temperature dependence of the 
chiral anomaly

Consistent with the theory of chiral anomaly



Angle dependence

𝐶w∝ cos2 𝜃

Negative MR when θ < 25゜



Quantum oscillation zoom

▪ 1/B ▪ B ▪ LogB

Shubnikov-de Haas (SdH) 
(1930)

Aharonov–Bohm (AB) 
(1985)

L. Schubnikow et al., Nature 126, 500 (1930) R. A. Webb et al., Phys. Rev. Lett. 54, 2696 (1985) H. Wang et al., Sci. Adv. 4, eaau5096 (2018)

H. Wang et al., Natl. Sci. Rev. 6, 914 (2019)

Log-periodic oscillation
Jian Wang (2018)

Log periodicity: signature of discrete scale invariance

ZrTe5   HfTe5

Geometric series 1, 2, 4, 8, 16, …                     0, 1, 2, 3, 4, …   Log periodicity
Log



Discrete scale invariance (DSI)

Self reproduction for certain geometrical scaling factor

Menger sponge Koch curveMatryoshka doll



Supercritical collapse

Critical condition: Zα > 1   

Zc = 170   
Vacuum fine-structure constant

= 1/137



Supercritical collapse in Dirac/Weyl systems

Relativistic particles

vF << c        α>>1/137

Zα>1

Relativistic quasiparticles 
(e.g. Dirac/Weyl fermions)

Opposite charge centers

Coulomb
attraction

Two-body quasi-bound states



Quasi-bound states passing the Fermi level with varying magnetic field 
Resonant scattering between the free carriers and quasi-bound states
Log-periodic oscillation in transport

Quasi-bound states in Dirac/Weyl systems

Relativistic energy–momentum dispersion relation of a Dirac/Weyl band
Solving Dirac/Weyl equation under the supercritical collapse condition
Energy levels of quasi-bound states in geometric series DSI

H. Wang et al., Sci. Adv. 4, eaau5096 (2018)



LogB oscillation in Te?

➢ Weyl band (relativistic holes)
➢ Te vacancy (negative chage center)
➢ Much smaller Fermi velocity than c          Supercritical collapse criteria
➢ Low carrier density           Quantum limit



Unusual oscillations in MR & Hall data

Quantum limit：

• End of SdH oscillations

• 4.4 T for this Te sample (𝑛 = 3.9 × 1016𝑐𝑚−3 at T=2 K)

▪ MR ▪ Hall

Quantum limit: all carriers condensed to the lowest Landau level 

◼ Oscillations beyond the quantum limit



High magnetic field facilities

Steady High Magnet Field Facility
CHMFL, Hefei

Pulsed High Magnetic Field Facility 
WHMFC, Wuhan



Oscillations

▪ MR ▪ Hall

Interval between peaks/valleys 
grows larger as B increases

1/B？ logB？

SHMFF

PHMFF

▪ MR



LogB oscillations

MR vs Hall oscillations

• the same period
FFT

▪ MR ▪ Hall

3.1 T < 4.4 T (quantum limit)



Temperature dependence

▪ Raw data

▪ Background 
subtraction

Oscillation suppressed  with  increasing  temperature 
• Thermionic excitation →Weakened Coulomb attraction
• Increased carrier density →Reinforced Coulomb screening effect  



Mechanism

DSI scale factor： (estimated from the log-period)

In theory， , (for Z=1, κ=±1)

vF : Fermi velocity

Te crystal：λ ~ 2.33   α ~ 7.5 >> 1/137 vF ~ 2.9×105 m/s

Supercritical condition (Zα > 1) → Quasi-bound states with DSI

Fine-structure constant

Weyl fermions in valence band

Negative charge centers

(Te vacancies )

Coulomb
Two-body 

quasi-bound states
attraction

Zhang et al., PNAS 117, 11337 (2020)



Zhang et al., PNAS 117, 11337 (2020)



From bulk to 2D Weyl semiconductor

• Further exploring Weyl physics
• Developing topological semiconductor devices

▪ 2D Te

Fermi level shifting
Band gap tuning

…

➢ Weyl semiconductor hosting Weyl fermions



Charge

Spin

Valley

Semiconductor devices

D. Xiao et al., Phys. Rev. Lett. 99, 236809 (2007)

New degree of freedom→ New-concept device



Chirality

Q. Ma, et al., Nat. Phys. 13, 842 (2017)

Utilizing chirality degree of freedom

Charge

Semiconductor devices



Topological field effect transistor (TFET) 

Dual switch of conducting- and topological states



Quasi-2D Te samples

▪ Te nanoflakes grown using hydrothermal method   



Basic transport characterizations

▪ R-T curves ▪ Carrier density and mobility



Chiral-anomaly-induced negative MR when B//I

Negative MR
Fingerprint signature of chiral anomaly



Field effect performance

• Effective tuning of the Fermi level  (valence band → band gap)

On/off current ratio ~ 3×102 (1.5 K) High tunability of carrier density



Dual switch of conducting- and topological states

Dual switch

• Conductivity:          High                      Low   

• Topology:            Nontrivial                trivial



• Three orders of magnitude change of resistance
• In-plane MR changes from negative (-5.8%) to positive (65.9%)

Dual switch of conducting- and topological states



Weyl semiconductor

Intriguing functionality of the present TFET

Semiconductivity chirality

• Conductivity on/off controlled 
by electrostatic field

• Topological nontrial/trivial states  
controlled by electrostatic field

• Chiral charge pumping control by  
parallel electric- and magnetic field

Hybrid device applications with multi-field control





粒子-准粒子的相对性原理

能量
1010𝑒𝑉

标准模型

10−3𝑒𝑉

凝聚态中
基本激发

晶格的 振动——声子

粒子和准粒子的概念不是绝对的

准粒子
粒子



能量
1010𝑒𝑉

标准模型

10−3𝑒𝑉

凝聚态中
基本激发

1028𝑒𝑉

超弦理论的
普朗克能标

晶格的 振动——声子 真空

电子
(轻粒子)

重粒子

超弦的振动模式

粒子和准粒子的概念不是绝对的

而是取决于观察者的相对能量和长度尺度

准粒子
粒子

粒子-准粒子的相对性原理



eV MeVmeV

相对论性狄拉克方程非相对论的薛定谔方程

原子中的电子 静止质量为0.511MeV电子

相对论性狄拉克方程

石墨烯中的电子

推导推导

能量

演生现象
有时准粒子可能比粒子本身更有趣

粒子-准粒子的相对性原理





To see a world in a grain of sand 

and a heaven in a wild flower 

Hold infinite in the palm of your hand 

and eternity in an hour 

一沙一世界，一花一天堂。

无限掌中置，刹那成永恒。 (徐志摩译)

“佛土生五色茎，
一花一世界，
一叶一如来”

《华严经》

Auguries of Innocence （节选）

William Blake (1757-1827)

http://www.ruanyifeng.com/blog/upload/2006/06/bg060610_1.html
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