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★  Flavor issues  

★  Neutrino mass spectrum  

★  Terrestrial matter effects at JUNO       
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 Dirac or Majorana? 
    Most theorists love Majorana neutrinos 

     You know why…. 

Flavor issues 

 Mass spectrum 
    Non-oscillation experimentalists frown at the normal ordering 

     You will see why….  

 Flavor mixing 
    Oscillation experimentalists prefer large mixing angles 

     You have known why….  

     See next page 

 CP violation 
    Minkowski once told me: “Asymmetry is a sister of symmetry” 

     So they are equally important….  

 New species 
    Sterile neutrinos may be one of our mothers   

     Cosmological matter-antimatter asymmetry + dark matter + ….  



 
2 

cosmology    

Capozzi et al, arXiv:1601.07777 

Very normal hierarchy? 
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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.mpi-hd.mpg.de/gerda/&sa=U&ei=ZFVTVNntBNXW8gWk3IHgAw&ved=0CBcQ9QEwATg8&usg=AFQjCNHDI9iXe01EUkLus4lOa8455zdZFQ
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
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cosmology    

Normal  
 
 

Inverted   

Intelligent design? 

 

  

 lucky region 

Maury 
Goodman 

Capozzi et al, arXiv:1601.07777 

Einstein: Subtle is the Lord, but 
malicious He is not (1921).   

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.mpi-hd.mpg.de/gerda/&sa=U&ei=ZFVTVNntBNXW8gWk3IHgAw&ved=0CBcQ9QEwATg8&usg=AFQjCNHDI9iXe01EUkLus4lOa8455zdZFQ
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


 
4 Occam’s razor: 02   

Numerical illustration     

 

 

Entities must not be multiplied 
beyond necessity. 

Fewer facial 
parameters  

ZZX, Y.L. Zhou, 2015  
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Let’s consider: in today’s Universe, 2/3 of relic ’s become 
cold but 1/3 of them are Weyl particles and remain hot.     

Occam’s razor: CB + … 

Cosmic refrigerator 

             relativistic                                                             non-relativistic 

3/3 2/3 

Gravitational waves, neutrinos, photons from compact binary mergers 
and supernovae (Nishizawa, Nakamura 14; Langaeble,  Meroni, Sannino 16)  
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The split seesaw: 2 heavy right-handed neutrinos + 1 keV 
right-handed neutrino (Kusenko, Yanagida 2010, 2016).     

Anthropic sterile species  

… EeV… 

 

 
 

Existence of life  requires: a) primordial 
antimatter disappeared; b) dark matter 
mattered.  

Split seesaw + thermal leptogenesis + 
warm dark matter + ….   
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All charged fermions: normal mass hierarchies. How about neutrinos?  

Normal: 

Given a weak basis, the mass ordering 
is fixed. A basis change is possible.   

For instance:  

Inverted: 

   

Reorder: 

 

Ordering or reordering 

PMNS CKM 



 
8 SK + T2K hint 

C. Kachulis 
 

Boston U. 
EPS 2015 

 

 



 
9 NOA hint 

 

Brian Rebel 
 

Fermilab 
TAUP 2015 

 



 
10 T2K + DYB hint 

The T2K observation of  a relatively strong                 appearance plays 
a crucial role in the global fit to make      consistent with the Daya Bay 
result and drive a slight but intriguing preference for                  .       
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 DYB  DYB 

★ ★ 

DYB’s good news:      unsuppressed  
T2K’s good news:     unsuppressed    
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Life is easier for probing CP violation,  mass hierarchy …. 

 



 
11 Cosmological hint (1) 



 
12 Cosmological hint (2) 



 
13 Strongest bound? 

Normal mass ordering    

Inverted mass ordering    

    pressure from cosmology 

a warning: < 0.5 eV ?    

 



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

m 2
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Accelerator/atmospheric:  terrestrial matter effects play crucial roles.   

Fine structure 

JUNO’s idea 

  T2K, NOA, SK, PINGU, INO, …  



 
15 Matter effects  

Matter effects in reactor antineutrino oscillations must be very small, 
but how small is small? —— it makes sense to fix its fine effects.   

Coherent forward scattering from weak charged-current interactions. 
The effective Hamiltonian for neutrino propagation in matter:   

                          in matter                              in vacuum           correction   

A neutrino  
beam, +A  

An antineutrino 
beam, -A  

One may establish the relations between 
the effective & fundamental parameters.   



 
16 Analytical approximations  

The effective probability of reactor antineutrino oscillations in matter:   

   About 1% correction!    

   Close to 1% correction!    

   Close to 0.02% correction, negligible?    

曹俊： 
 

JUNO sensitivity to 
mass hierarchy 3%   



 
17 Numerical illustration  

Let’s take a look at the difference of oscillation probabilities between 
matter and vacuum (absolute difference):   



 
18 Numerical illustration  

Let’s take a look at the difference of oscillation probabilities between 
matter and vacuum (relative difference):   



 
19 国际秀                                            

大排档式演讲：理解了为什么有些党派团体喜欢街头运动 

 

  在今年的国际高能轻子—光子（LP2015）会议作session chair 
  在欧盟总部评审ERC启动基金（据说是首位来自中国的评委） 

  

     Thank you for your attention                                          

New Physics  

SM + ’s  Martinus Veltman:  

we go on until we go wrong!  

究竟有多小? 
大亚湾2012 
5.2  

最大或最小? 
江门2025？ 
~4 ？ 

http://www.google.com.hk/url?q=http://neutrino.physics.wisc.edu/dayabay/&sa=U&ei=RFZTVPTHOo6D8gWw_oDoBg&ved=0CDcQ9QEwEQ&usg=AFQjCNGAz2S7cU_FhrBRSrVjjgSkErX36w

