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Lecture 1: Introduction to Particle Physics and Cosmology

Outline

• Introduction 

• Seven periods of modern particle physics 

• Three dark clouds in modern particle physics

DC1. Cosmic microwave fluctuations 
DC2. Dark energy 
DC3. Neutrino oscillations



Outline

• Introduction 

• Some basic concepts 

• Anomalies in four-dimension 

• Uniqueness of fermion representations                              
and charges in the standard model 

• Family problem  

• Broken symmetry and mass generation 

Lecture 2: Some Basic Backgrounds of the Standard  
                  Model of Particle Physics



Outline

• Introduction 

• Some basic concepts in cosmology 

• Dark Matter 

• Dark Energy 

• Gravitational Waves and Black Holes

Lecture 3: Some Basic Backgrounds of the Standard  
                  Model of Cosmology, Dark Matter, Dark  
                  Energy, Gravitational Waves and Black Holes
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July 1, 2005 
Science Magazine  
125th anniversary

☞#1

☞

What is the Universe made of ?
宇宙是由什么组成的 ?

Can the laws of physics be unified ?
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#5 ☞

#125☞ Does the Standard Model of particle physics rest on solid mathematical foundations?

粒⼦物理的标准模型是否建构在堅固的数学基础上?
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• Introduction



What do we know about our Universe? 
我們对于宇宙了解多少？

What is the Universe made of ? 
宇宙是由什么组成的？

它是我們所看到
的物质世界吗？



于宇宙 
知道的很多 
但了解的很少

普通物質
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中微⼦ 
<0.62%

We know much but 
we understand very little

暗物質

暗能量

95% of the cosmic matter/energy is 
still a mystery, which has not been 

observed in the best labs on Earth yet.
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科学家将宇宙最初的
形态简化为了⼀个密
度很⼤的点：奇点
（singularity）， 
类似于物理学中把⼀
个物体看作⼀个质
点，它们都符合物理
学模型的基本特点之
⼀：简单。

• 宏观极⼤之宇宙世界 

宇宙⼤爆炸理论 
The Big-Bang Theory
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2016年8⽉，天⽂学
者新发现，最遥远的
天体距离地球134亿
光年。它的红移是全
部已知天体最⾼的，
达到z=11.09。这代
表它的年龄为134亿
年，代表138亿年前
⼤爆炸以后4亿年该
星系就存在了。

根据2015年普朗克卫星
所得到的最佳观测结
果，宇宙⼤爆炸距今
137.99 ± 0.21亿年

粒⼦视界
⻙伯太空望远镜？

可观测宇宙之外
我们⼀⽆所知
或许是⽆尽的
宇宙空间



已知(标准)物质:  四种 “可见”的物质
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为了在更可控的条件下研究⾼能粒⼦碰撞，
粒⼦物理学家使用欧洲粒⼦中⼼等实验室，
在那里⾼能粒⼦对撞中的⾼能粒⼦碰撞所产
⽣的能量与宇宙存在的第⼀瞬间中的能量相
同，从⽽产⽣质量很⼤的⾼能基本粒⼦。

对于物质的每个基本粒⼦，还有
⼀个镜像版本，即反粒⼦，其中
电荷等性质与粒⼦相反。

宇宙射线中存在地面上没有的物
质，这些基本粒⼦比原⼦有所需
的更多成分。 除了电⼦、电⼦
中微⼦、上夸克和下夸克，我们
还需要μ⼦、μ中微⼦和奇夸克。

物质世界是由什么组成的？
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粒⼦物理标准模型
普通物質 

5%
标准物質 1976年诺贝尔物理学奖 

丁肇中，Richter
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1977年观测到 
Lederman 1988年N.P

⿊格斯玻⾊⼦ 
2012年在LHC实验观测 
2013年诺贝尔物理学奖 

 Englert & Higgs
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1988，1995，2002，2015年 
诺贝尔物理学奖澀戯媣

1995年诺贝尔物理学奖 
M. Perl

1995

1984年诺贝尔物理学奖 
C. Rubbia

1979年诺贝尔物理学奖 
Glashow, Weinberg, Salam

> 10 
诺贝尔 

物理学奖
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“The Standard Model” in Cosmology

68.3%

26.8%

Neutrinos 
<0.62%
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6.   Preparation Period (2005--2020)

7.   Super-Heroic Period (2020--2035)

LHC: ... 
GW: LISA，太極，天琴 2030 
100 TeV Collider 2030 

+ something unexpected?

1992: Cosmic microwave fluctuations (2006 Nobel Prize) 
1998: Dark energy (2011 Nobel Prize) 
1998,2001: Neutrino oscillations (2015 Nobel Prize)

• Seven periods of modern particle physics
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1. 1945�� -- Pre-Modern Particle Physics Period

2. Startup Period (1945 -- 1960)�Early contributions to the
basic concepts of modern particle physics.

3. Heroic Period (1960 -- 1975):Formulation of the standard
model of strong and electroweak interactions.

4. Period of Consolidation and Speculation (1975 -- 1990):
Precision tests of the standard model and theories beyond
the standard model.

5. “Frustration” and “Waiting” Period (1990 -- 2005)

Modern Particle Physics: 7 Periods

< 1945     
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𡟸处质 㷛



• Three dark clouds in modern particle physics

 In the 5th period of  ``Frustration’’ and ``Waiting’’  (1990- 2005):

DC1. Cosmic microwave fluctuations (1992→2006 Nobel Prize) 

DC2. Dark energy (1998→2011 Nobel Prize) 

DC3. Neutrino oscillations (1998-2001→2015 Nobel Prize)

Cosmic Microwave Background (CMB)     

DC1. Cosmic microwave fluctuations 

very cold (-270.275 C, 2.725 K) 
and nearly uniform relic radiation 
left over from the hot big bang 

Physics Nobel Prize 19781965 檱䙺→

堹𡡡𡁻



(1965)

If you had microwave eyes:

Cosmic Microwave Background      

The COBE satellite (1992) enabled  
measurement of the CMB in all directions. 

(1992)

T = 2.725 K 
CMB为⿊体辐射，基本上各向同性。 
很⼩的各向异性：（dT/T<0.01%）。



The Nobel Prize 
in	Physics	2006	

"for their discovery of the blackbody  
form and anisotropy of the  

cosmic microwave background radiation"

John C. Mather George F. Smoot
NASA University of California, Berkeley



(1992)

(2010)

(1965)

Planck (2013) 

If you had microwave eyes:



1992 2003 2013



White points: 
WMAP (2010) 
7-year data

Red curve: Theoretical prediction for a universe made of 
70% dark energy,  25% dark matter,  5% atoms 



 2468.3% dark energy,  26.8% dark matter,  4.9% atoms 

Planck 2013

Cosmic Microwave Background (CMB)     

 

☞the universe is close to spatially flat

☞Dark Matter



DC2. Dark Energy The Acceleration Universe



The Nobel Prize 
in	Physics	2011	

"for the discovery of the accelerating expansion of the 
Universe through observations of distant supernovae"



Distant supernovae          

   After                  

   Before                  



Distant supernovae Standard candles: 
Their intrinsic luminosity is known  
Their apparent luminosity can be measured



Distant SN as standard candles 



Luminosity distance: Ls the absolute luminosity of the source 
F  observed flux

Flat universe!
with dark energy!

Open universe!
without dark energy!

Flat universe!
without dark energy!



Perlmutter et al and Riess et al (1998)!



More data over the past 10 years!

~ 70% 
Dark Energy



暗能量

SNe Ia

LSS

CMB

The current universe is accelerating!

2011	N.P.	in	Physics

物質

暗	
能	
量

Concordance region: 
  68% dark energy 
  27% dark matter 
    5% atoms  
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‘Most embarrassing observation in physics’ – 
that’s the only quick thing I can say about dark 
energy that’s also true.”        

IAS, Princeton

W语录

W语录



Dark Energy
∎ One of the most important discoveries in cosmology

∎ No 1. in Science Magazine’s top 10 science problems of our time

∎ Nothing short of a revolution required to understand

∎ Challenges fundamental physical laws and the nature of the cosmos



Neutrino Oscillations

「發現中微⼦振盪，顯⽰中微⼦有質量」
``for the discovery of neutrino oscillations, 

which shows that neutrinos have mass’’

中微子振盪

This discovery has changed our understanding of the innermost 
workings of matter and showed that the Standard Model cannot be 
the complete theory of the fundamental constituents of the universe. 

這項發現改變了我們對物質最內部運作⽅式的了解，證實了
標準模型理論已無法成為解釋宇宙基本構成的完整理論。

DC3. Neutrino oscillations 



Neutrino Oscillations  中微⼦振盪

Solution to Solar and Atmospheric Neutrino Problems

1957年: 義大利物理學家龐蒂科夫 

 (Bruno Pontecorvo1913-1993) 
1950年失蹤，1955年出現在前蘇聯(叛逃)

Neutrinos have mass!

Electron 
neutrino 

Neutrino 
mass m1 

Neutrino 
mass m2 

Mass m1 

Mass m2 > m1 

Neutrino propagation as a wave phenomenon



Origin of Neutrino Masses

 中微⼦質量之根源
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