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Harald meant so much in my scientific career and daily life 

 Invited by Prof. Dongsheng Du, my PhD supervisor, Harald visited China in October 1992. Harald 

kindly agreed to be the host, for me to apply for the Alexander von Humboldt fellowship. 

  I joined Harald’s group as an AvH postdoc fellow in October 1993, 
and left for Nagoya in March 1996.   

  I joined Harald’s group again as wissenschaftlicher Mitarbeiter in 
April 1998, and left for Beijing in March 2001.   

  We kept in contact, exchanged emails almost daily, made a lot of 
phone calls, worked on new ideas, organized workshops together…   

 The last time we met: February 2020 at CERN, the last good time   
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 Occam’s razor      

Harald’s working styles/tastes       

  Simplicity from deep correlation      

  Experimental testability      

  New ideas without loops       

  Short papers and concise titles       

  Scientific language and expression       
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Zhi-Zhong Xing【24】  

20 journal papers 
4 conference papers 

Flavor hierarchy 
Flavor mixing 

From 1994 to 2022 

It is quite amazing that Harald published ~50 single-authored journal papers, 
including the famous Fritzsch texture of flavors papers! 
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as neutrino oscillations. They tried to address some important issues beyond Weinberg’s model.   

 In collaboration with Gell-Mann and Minkowski, Harald proposed the 1st seesaw idea 
to explain tiny neutrino masses in a footnote of their paper in 1975. 

  Was Gell-Mann himself interested in the seesaw idea? He, P. Ramond and R. Slansky had a highly 
cited conference paper “Complex spinors and unified theories” in 1979. They quoted no references!   
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In 1977 this idea was developed into a complete 
seesaw mechanism by Peter. His paper was not 
well recognized until 2004 — after the so-called 
seesaw’25 event, counted from 1979 on.  

Seesaw: 
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of Bern. Their collaborations were less than before. 

The framework is much sounder.                                                             The spirit is basically the same.    

 It was Paul Frampton who called attention to Peter’s paper during the seesaw’25 on 10—11 June 
2004 in Paris. A similar workshop, entitled Seesaw 1979—2004, was held on 23—25 February 2004, 
in Tsukuba. Pierre Ramond and Tsutomu Yanagida claimed credit for seesaw in these two events.   

 Paul once asked me why Harald did not claim credit for seesaw?  Harald said he did not care that.   
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It must be on the right track to reveal the flavor secret  

 The original Fritzsch texture or its variation with 
nonzero (2,2) entries can give striking predictions 
for the CKM matrix elements in terms of the quark 
mass ratios:   

consistent with both the heavy quark mass limits 
and current experimental data, where the mixing 
angles are given by an Euler-like parametrization 
of the CKM matrix (Fritzsch-Xing 1997):    

Quoted by PDG in its 
2000 / 2002 reviews  

Flavor mixing puzzle 



The seesaw picture is well consistent with the spirit of Weinberg’s EFT with a unique d=5 operator. 

Natural seesaws from  
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-mass models  

Cumrun Vafa’s 
swampland conjecture  

Seesaw as a mechanism may be in the landscape  



The seesaw picture is well consistent with the spirit of Weinberg’s EFT with a unique d=5 operator. 

Natural seesaws from  
a fundamental theory 

effective low-energy 
-mass models  

Cumrun Vafa’s 
swampland conjecture  

Seesaw as a mechanism may be in the landscape  

A combination of possible flavor symmetries and the canonical seesaw at a super high energy scale 
can help to understand the origins of tiny neutrino masses and large lepton flavor mixing, even the 
cosmic baryon number asymmetry. But, it is extremely difficult to test such an elegant mechanism.     
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A CKM-like 3×3 neutrino mixing matrix with CPV was 

first written out by M. Kobayashi and T. Kugo in 1977  



Standard formulas and far-reaching discussions  

 Not only the standard form of neutrino oscillation probabilities, but also the washout 
effect, solar, reactor and long-baseline oscillation experiments are discussed. 



Standard formulas and far-reaching discussions  

 Not only the standard form of neutrino oscillation probabilities, but also the washout 
effect, solar, reactor and long-baseline oscillation experiments are discussed. 



    CP-conserving (Harald + Peter)                   CP-violating 

A comparison and a remark  

 Today’s neutrino oscillation formula includes the CP-violating term as follows:   

 
Washout effects:  when neutrino beams travel a long 
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A comparison and a remark  

 Today’s neutrino oscillation formula includes the CP-violating term as follows:   

 
Washout effects:  when neutrino beams travel a long 
distance >> oscillation length, oscillation probability 
will be independent of the beam energy and distance 
(solar, UHE cosmic neutrinos, etc.) 

 Harald and Peter’s result is more profound, general and useful, than those derived in 
the same time by Bruno Pontecorvo and Samoil Bilenky. In 1978 it was Nicola Cabibbo 
who first formulated CP and T violation in neutrino oscillations in a modern form.   
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Two-flavor approximation at low energies: 

 Atmospheric neutrino oscillations 
involve the washout effects.   

Recognized by the 2015 Nobel Prize 
in physics.    
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Is the flavor world democratic? 

 In the beginning of the 1990s, Harald paid a lot of attention to flavor democracy as a 
guiding principle to understand what behind observed fermion mass spectra and flavor 
mixing patterns (especially the works with Johann Plankl and Dirk Holtmannspotter).   

 Key point: strong mass hierarchy and small flavor mixing implies that the two lepton 
or quark sectors may have the flavor democracy with slight symmetry breaking:   
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Democracy                                                       Hierarchy 
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  The CKM matrix: 

  The PMNS matrix:  

May one stone 

kill five birds?  

 A question: how to arrive at sufficiently large lepton flavor mixing?    



Which piece of cloud will become rain?  

 In summer 1995, Harald once asked me what would 
happen if lepton flavor mixing = the mixing pattern of 
three Q = S = 0  pseudoscalar mesons. I did not know, 
so I started to work on Harald’s conjecture.     
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 In summer 1995, Harald once asked me what would 
happen if lepton flavor mixing = the mixing pattern of 
three Q = S = 0  pseudoscalar mesons. I did not know, 
so I started to work on Harald’s conjecture.     

For the first time a lepton flavor mixing pattern with 2 large + 1 small angles proposed 

predictions: Democratic mixing                               perturbation                                perturbation  

Majorana 
neutrinos 
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Rev. Lett., and finally published in Phys. Lett. B 372 (1996) 265 in April 1996.  

It turned out that we were on the right track!  

Today’s neutrino data 

A lot of model-building work 
appeared after our paper.  

 In June 1998, Neutrino 98 Conference in Takayama changed the neutrino world:   
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 5 of my 10 students had the postdoc experience in Germany.  
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Harald’s popular books in China  

Paul 
Frampton 

Singapore, 2017.2 
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of international conferences at IAS, Nanyang Technological University.       
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Singapore, Shizuoka, Trieste, Tsukuba, …  

 It is a good memory that in every summer we went hiking on mountains of Austria + 
Germany. It is a great pity that I did not follow Harald to go skiing when I was at LMU.     

Beijing, 2007.09 Austria, 1999.08 

Munich, 2018.02 

Erice 
2016.06 



Concluding remarks 

2012.09, Oberwoelz 

A real man 

A great physicist 

A good friend 

A brave traveller 

trading space for 

time in life 

2007.11, Albufeira 

I am so lucky for having worked with Harald and keeping 
friendship of 30 years with him. He meant a loooot to me. 


