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Neutrino as Fundamental Particle 



4

Neutrino as Cosmic Messenger 
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Part I:

中微子的提出与发现
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1930年: 泡利的中微子假设
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1934年：费米的贝塔衰变理论

Basis of Fermi’s Theory 

◆ Pauli’s hypothesis: 
existence of neutrino

◆ Dirac-Jordan-Klein’s theory: 
creation of particles

◆ Heisenberg’s idea: neutron 
and proton as two states of 
nucleon  

Fermi’s paper on β decays (2 months)

◆ Letter submitted to Nature
Editor: speculations too remote from physical 

reality 

◆ Published in 1933 in La Ricerca Scientifica in 
Italian

◆ Another one published in 1934 in Z. Phys. in 
German

◆ Translated into English in Am. J. Phys. in 
1968
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1934年: 中微子无法探测？
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1941年：A Suggestion by Kan Chang Wang

作业：

王淦昌
(1907-1998)

Phys. Rev. 61 (1941) 97

查询 7Be和 7Li原子核质量, 并
估算中微子质量为零时末态原
子核的反冲动能
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1956年: 发现反应堆中微子
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2000年，美国费米实验室的DONUT实验发现第三种τ中微子！
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Brief History of ν Oscillation: Part A

Lee & Yang (1960)
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Brief History of ν Oscillation: Part B
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Part II:

中微子振荡理论

真空振荡

物质振荡
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中微子物理: standard (minimal) NP framework 

➢ 强大的中微子源：太阳、大气、反应堆、加速器
➢ 足够大的中微子反应截面：~E
➢ 足够大的探测器效率和靶质量
➢ 足够大的有效运行时间
➢ 振荡信号最优位置：E，L

P(νβ→ να)
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Two possibilities to 
define neutrino mass:

➢ Dirac mass

➢ Majorana mass

Left & right 
handed ν’s

Lepton 
number 
conservation

Only left 
handed ν’s

Lepton 
number 
violation

ν masses: Dirac versus Majorana 
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ν masses: Dirac versus Majorana 
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ν masses: Dirac versus Majorana 

No Majorana Neutrino Mass in the SM

Needs Y= +2 Higgs triplet (type II), or (type I)
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Dirac + Majorana mass Lagrangian

Seesaw: 
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Lepton Flavor Mixing
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Low Energy 3ν (Majorana) Mixing
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Mixing of Flavor States
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ν Oscillation: A QM phenomenon
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Ultra-relativistic Approximation
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ν Oscillation: A QM phenomenon
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ν Oscillations: 2-flavor approximation 
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ν Oscillations: 2-flavor approximation 
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ν Oscillations: 2-flavor approximation 
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νe

νμ

ντ

ν Oscillation: A QM phenomenon
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ν Oscillations: CP, T & CPT properties
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ν Oscillations: CP, T & CPT properties
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ν Oscillations: CP, T & CPT properties
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ν Oscillations: CP, T & CPT properties
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ν Oscillations: CP, T & CPT properties
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ν Oscillations: CP, T & CPT properties
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ν Oscillations: Matter Effect
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ν Oscillations: Matter Effect
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ν Oscillations: Matter Effect
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ν Oscillations: Matter Effect



40

ν Oscillations: Matter Effect
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ν Oscillations: Matter Effect
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ν Oscillations: Matter Effect
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ν Oscillations: Matter Effect for 2 flavors
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ν Oscillations: Matter Effect for 2 flavors
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ν Oscillations: Constant Matter Density 
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ν Oscillations: Constant Matter Density 
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ν Oscillations: Constant Matter Density 
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ν Oscillations: Constant Matter Density 

MSW Effect !
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ν Oscillations: Non-constant Matter Density 
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ν Oscillations: Non-constant Matter Density 
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Applied to Solar & Supernova neutrinos

ν Oscillations: Non-constant Matter Density 
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ν Oscillations: Non-constant Matter Density 
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In ν Oscillations Dirac = Majorana
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Thanks!

谢谢!
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弱相互作用: 费米理论 v.s. 标准模型

费米相互作用：Current-current interaction Fermi (1934)

Z 耦合
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