
 
0 Neutrinos: Yesterday and Tomorrow 

解读2015年度诺贝尔物理学奖   

★  引言：历史是需要被见证的 

★  发现大气中微子振荡：两个好学生 

★  破解太阳中微子失踪之谜：前后人都乘凉   

★  展望：中微子还有多少火烧眉毛的问题亟待解决   

北京大学物理学院，2015年10月28日下午3点    

邢志忠 

中科院高能所、国科大近物系 

 



Supernova 

Galaxy 

Big Bang 

Sun Earth Reactor Accelerator 

Human 

中微子：宇宙空间无所不在的幽灵粒子!   

charge = 0 
spin = ½  

mass = 0 
speed = c 

  neutrinos 

SM 



 
2 上世纪90年代初   

Hitoshi Murayama: Director of the Kavli Institute 

for the Physics and Mathematics of the Universe 

Hitoshi’s typical arguments 

 



 
3 1995年9月  

Motivated by an idea about quark flavor mixing,  Harald Fritzsch and I 
invented an unprecedentedly untypical pattern of lepton flavor mixing 

 For the first time,  lepton flavor mixing with 2 large + 1 small angles: 

 symmetry breaking 

H. Fritzsch, Z.Z. Xing,  hep-ph/9509389,  Phys. Lett. B 372 (1996) 265  

Our predictions: 



 
4 1998年6月  

Y. Suzuki 
June 4 

T. Kajita 
June 5 

Neutrino98 
TAKAYAMA 

Super-K 

Yes,  

2 large 

angles! 
 
于是得以见
证这段历史 



 
5 克林顿的感慨 

REMARKS  BY THE  PRESIDENT 
AT MIT 1998 COMMENCEMENT 

June 5, 1998  

    Just yesterday in Japan, physicists announced a discovery that tiny 
neutrinos have mass. Now, that may not mean much to most 
Americans, but it may change our most fundamental theories -- from 
the nature of the smallest subatomic particles to how the universe 
itself works, and indeed how it expands.  
     This discovery was made, in Japan, yes, but it had the support of 
the investment of the U.S. Department of Energy. This discovery calls 
into question the decision made in Washington a couple of years ago 
to disband the super-conducting supercollider, and it reaffirms the 
importance of the work now being done at the Fermi National 
Acceleration Facility in Illinois.  
    The larger issue is that these kinds of findings have implications 
that are not limited to the laboratory. They affect the whole of society 
--- not only our economy, but our very view of life, our understanding 
of our relations with others, and our place in time….  



 
6 追溯1962年6月   

Bruno Pontecorvo conjectured 

  anti- transition in 1957. 

日本粒子物理研究的传承能力令人惊叹，值得学习  



梶田隆章在北京 INSS2013 暑期学校上授课解惑  

照片版权
人：陈丽 



2015年10月6日，诺贝尔物理学奖授予梶田隆章和亚瑟·麦克唐纳  

我的祝贺邮件 

梶田的回复 



 
9 可你是好老师呀   

Yoji Totsuka 
（户塚洋二）  
1942/03/06
2008/07/10    

Takaaki Kajita 
（梶田隆章）  
1959/03/09     

小
柴
昌
俊 



 
10 1998年：大气中微子   

Atmospheric muon neutrino deficit was firmly established 
at Super-Kamiokande (Y. Totsuka & T. Kajita 1998). 

SK水契
仑柯夫
探测器 
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C. Sagi/ICHEP04 

 

 



 
12 最简单的解：中微子振荡 

atmosphere 

中
微
子
混
合 

中
微
子
振
荡 

一种中微子在空间
传播一定距离后转
化为另外一种类型。
前提是中微子有质
量且及味混合效应。 曹则贤的比喻：妇联、工会、团委纠缠态 



 
13 1968年：太阳中微子失踪之谜   

Hans Bethe (1939), George Gamow & Mario Schoenberg (1940, 1941)   

 

neutrino 

light/photon 

你相信吗？ 

Ray Davis made the first observation of 
a solar neutrino shortfall (compared to 
John Bahcall’s prediction for the -flux) 

at the Homestake Mine in 1968. 

The simplest solution to this problem is 

neutrino oscillation! 
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Strumia & Vissani, hep-ph/0606054.  

Examples: Boron (硼) ’s ~ 32%, Beryllium (铍) ’s ~ 56% 

 

 

DATA  

太阳中微子能谱   
R. Davis  observed a solar neutrino deficit,  compared with J. Bahcall’s 
prediction for the -flux, at the Homestake Mine in 1968. 



 
15 物质效应   

In the 2-flavor approximation, solar neutrinos 
are governed by  

5 20.75 10  eV / MeV (at  0)r 5 27.6 10  eV

 45   resonance 

MSW 

The matter density changes 
for solar neutrinos to travel 
from the core to the surface 



 
16 太阳中微子振荡   

真空振荡为主 

MSW物质效应为主 

Beryllium ’s ~ 56%                                  Boron ’s ~ 32% 



 
17 测量太阳中微子的新想法 











ee

npd

eppd











        :ES

       :NC

       :CC e

以重水作为探测媒介，一石三鸟 

陈华森：1942年3月16日出生于重庆，1987年11月7
日因白血病去世。1984年SNO合作组成立之初，陈担任
美方发言人……. 
 

1964年 
加州理工学士 
 

1968年 
普林斯顿博士 



 
18 2001年：SNO实验   

The heavy water  Cherenkov detector at 
SNO confirmed the solar neutrino flavor 
conversion (A.B. McDonald 2001) 

The Salient features: 

Boron-8 e-neutrinos  
 Flux and spectrum 
 Deuteron as target 
 3 types of processes 
 Model-independent 

At Super-Kamiokande 
only elastic scattering 
can happen between 
solar neutrinos & the 
ordinary water. 



 
19 SNO实验结果   

Nucl-ex/0610020 

J. Bahcall 

Solar electron neutrinos convert to 
muon and tau neutrinos! 
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M. Koshiba:  the first 

detection of Supernova 
neutrinos in 1987. 

54-88-92 
A lesson? 

2002年：SNO的后果   

幸运之星  
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2002年12月：铃木厚人带领KamLAND合作组成功发现了长基线
反应堆反中微子振荡，挑选了太阳中微子振荡的MSW大角解。 

12
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反应堆实验后来居上   

2012年03月：王贻芳和陆锦标带领大亚湾合作组成功发现了较短
基线反应堆反中微子振荡，首次测定了最小中微子混合角。 

这期间，加速器实验以及其他若干
实验也对确认中微子振荡功不可没 
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户塚洋二不幸于2008年7月因病去世，有人在2009
年修改了Murayama模型的自由参数，做了新预测:    

契柯夫的枪 
  

没有他？ 
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We’ve learnt a lot from  oscillations:    

   the Majorana nature?    

   the absolute  mass scale? 

   the  mass hierarchy?    

   the octant of       ?    

   the Dirac phase    ?      

   the Majorana phases?       

2015：已知与未知 

23




It’s more exciting that the SM is incomplete, 
although the Higgs has been discovered.     

But a number of burning questions:    

   the sterile neutrino species?       

http://www.google.com.hk/url?q=http://en.ifd.fuw.edu.pl/divisions-ifd/277-zciof&sa=U&ei=71NTVKypGpP38QXq2oJg&ved=0CCcQ9QEwCQ&usg=AFQjCNFZNKOxbaeBiS6QVx8PcUrdVvaQYA
http://www.google.com.hk/url?q=https://www.snolab.ca/science/experiments&sa=U&ei=71NTVKypGpP38QXq2oJg&ved=0CCkQ9QEwCg&usg=AFQjCNGE_QzKhtU3U8k1tZWQeJDP4mQu5Q
http://www.google.com.hk/url?q=http://www.sa.infn.it/emulsion/seg/Act/Act.html&sa=U&ei=71NTVKypGpP38QXq2oJg&ved=0CCUQ9QEwCA&usg=AFQjCNEt_fB_r_rXtJctlVeMwhFN19EpnQ
http://www.google.com.hk/url?q=http://www.mpi-hd.mpg.de/gerda/&sa=U&ei=ZFVTVNntBNXW8gWk3IHgAw&ved=0CBcQ9QEwATg8&usg=AFQjCNHDI9iXe01EUkLus4lOa8455zdZFQ
http://www.google.com.hk/url?q=https://www.physics.ox.ac.uk/neutrino/doublechooz/&sa=U&ei=ZFVTVNntBNXW8gWk3IHgAw&ved=0CBUQ9QEwADg8&usg=AFQjCNHL27QskoiTyncrHSgWWI-2a9w8ng
http://www.google.com.hk/url?q=http://galileo.phys.virginia.edu/research/groups/hep/aag/uva_aag_group.html&sa=U&ei=ZFVTVNntBNXW8gWk3IHgAw&ved=0CCsQ9QEwCzg8&usg=AFQjCNHOIQN9x8_bqd45Gp3nOmvNLq1C0g
http://www.google.com.hk/url?q=http://hep.tsinghua.edu.cn/neutrino/&sa=U&ei=71NTVKypGpP38QXq2oJg&ved=0CB8Q9QEwBQ&usg=AFQjCNGUgpvoVhOOYoBD9RyFPI-QytKTdw
http://www.google.com.hk/url?q=http://www.physics.queensu.ca/~awright/&sa=U&ei=71NTVKypGpP38QXq2oJg&ved=0CCEQ9QEwBg&usg=AFQjCNHIqdBGkoLcWytpOI4L2EW2jhoqyg
http://www.google.com.hk/url?q=http://www.hap-astroparticle.org/about-us/i-progress.php&sa=U&ei=71NTVKypGpP38QXq2oJg&ved=0CBcQ9QEwAQ&usg=AFQjCNEvTH6oAsNj0WGOrUJrRahlhZTAIg
http://www.google.com.hk/url?q=http://www.sussex.ac.uk/profiles/212474/research&sa=U&ei=71NTVKypGpP38QXq2oJg&ved=0CBsQ9QEwAw&usg=AFQjCNHQbT3GcwQWwc6tAaQwZx6HpFGc8g
http://www.google.com.hk/url?q=http://www.hep.shef.ac.uk/research/nuphysintro.php&sa=U&ei=71NTVKypGpP38QXq2oJg&ved=0CB0Q9QEwBA&usg=AFQjCNHepfLzF-JpUv0ekHA0wxxLF8i5mQ
http://www.google.com.hk/url?q=http://kamland.stanford.edu/&sa=U&ei=RFZTVPTHOo6D8gWw_oDoBg&ved=0CDMQ9QEwDw&usg=AFQjCNEk0dsZahWgi2aPjy-ZlK6TO4y7rA
http://www.google.com.hk/url?q=http://neutrino.physics.wisc.edu/dayabay/&sa=U&ei=RFZTVPTHOo6D8gWw_oDoBg&ved=0CDcQ9QEwEQ&usg=AFQjCNGAz2S7cU_FhrBRSrVjjgSkErX36w
http://www.google.com.hk/url?q=https://www.hep.shef.ac.uk/research/acorne/&sa=U&ei=oFZTVNm8BITY8gXivYLADw&ved=0CCMQ9QEwBzgo&usg=AFQjCNFCeuI9U_7UqiMMFcch_s5FiJjo4A
http://www.google.com.hk/url?q=http://www.physics.queensu.ca/~awright/&sa=U&ei=3lZTVM6PBsb88QWdo4KQAQ&ved=0CBkQ9QEwAjhQ&usg=AFQjCNFaJDW5sUErvUzoRYIle-ixY5HiQQ
http://www.google.com.hk/url?q=http://www.chemistry.bnl.gov/sciandtech/sn/default.htm&sa=U&ei=AFhTVLbhOceD8gXb-oKgDw&ved=0CDcQ9QEwETiMAQ&usg=AFQjCNEyWGBBy1PRf-AVG2LfvK9ZoWRTHw


 
24 举例：江门实验原理 

2

31 F
2 2

e
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Reactor (JUNO):  Optimum baseline at the valley of            oscillations, 
corrected by the fine structure of            oscillations. 

m 2

21

m 2

31

Accelerator/atmospheric:  terrestrial matter effects play crucial roles.   

23

Fine structure 

JUNO’s idea 

  its octant matters a lot 
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Daya Bay Yangjiang Taishan 

Status running construction construction 

Power/GW  17.4 17.4 18.4 

大亚湾 
惠州 

陆丰 

旧选点 

JUNO 

Yangjiang 

Taishan 

700 m deep 
Daya Bay 

 Idea 2008 

 20 kton LS detector   

3% E-resolution 

 Approved 2/2013 

 Groundbreaking 1/2015  

Jiangmen 

 

HK MC 

举例：江门实验现场 



 
26 

 

 decoupling  

neutrinos: witness  +  participant  
宇
宙
背
景
中
微
子 
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   THANK YOU FOR YOUR ATTENTION    

理    论 

还有，这盘是谁的菜？ 


