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Weak interactions at TRIUMF? 
• R.Feynman visited TRIUMF in the winter of 1974. 
• I showed him the beginning of Bl1A, I was building with John 

Vincent. 
• He asked me what I was going to do with it and I answered 

studying the weak interaction. 
• He shuddered and said : At that low an energy?  
• I don’t remember if I answered “ you surely must be joking Dr. 

Feynman “ but…. I should have . 
 
 

• Anyway we did start a program in muon and pion decay 
parameters measurement, life time, and rare decays etc. 
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The early years 
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Muon decay parameters 

• Sample layout 
– Second level bullet 
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Sample diagram 
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Muon decay parameters in terms of Non SM weak couplings 
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The TWIST  Spectrometer 

• Use highly 
polarized µ+  
beam. 

 
• Stop them in a 

very symmetric 
detector. 

 
• Decay e+ are 

tracked through 
uniform, well-
known field. 
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Final TWIST results 

• ρ = 0.74991 ± 0.00009 (stat) ± 0.00028 (syst) 
 
 

• δ = 0.75072 ± 0.00016 (stat) ± 0.00029 (syst) 
 
 

• Pμξ = 1.00084 ± 0.00035 (stat)                  (syst) 

 
 

+ 0.00165 
 - 0.00063 
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Rare decay of the muon 
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The Zurich meeting (1977) 
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The Zurich meeting  
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MUeGAMMA 
TRIUMF SIN/PSI LAMPF 

1977   Less than 10-9 1977  less than 10-9 

2002   Less than 1.2 10-11 

 

2010 less than 4.2 10-13 
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Mu to E 
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Reach of rare Muon decay 
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Mu to E conversion 
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R.M.Dzhilkibaev, V.M.Lobashev 
INR 1989 proposal 
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Fermilab MU2E 
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COMET at J-PARC 
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Rare decay of the muon 
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History of neutrino 

• Postulated in 1930 by W.Pauli to explain some anomalous decay properties 
of nuclei.  
– (Pauli will get the  Nobel prize in 1945 but not for this!!) 

• Fermi builds his theory of Beta decay upon the neutrino hypothesis (1933) 
– Fermi will get a Nobel prize in 1938 but not for this!! 

 
• Pontecorvo now in Canada proposed a method to detect neutrino(1945) 
• Neutrino mass first limit: Pontecorvo/Hanna 1948 
• First neutrino “seen” in experiment in 1956 ( Reines, Nobel prize 1995) 
• Neutrino predicted to be left handed in 1957 by Landau 

,T.D.Lee,C.Yang,A.Salam.  
– Lee & Yang Nobel prize (1957),Salam (1979) 

• Muon neutrino Left handedness confirmed experimentally (1962) 
(Steinberger Lederman, Schwarz, Nobel prize1982) 
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Neutrino Oscillations 
• Neutrino oscillation predicted by B. Pontecorvo 1957 if neutrino have a 

finite mass: This was bold prediction at the time 
 
• Neutrino oscillation confirmed 1998 in SuperKamiokande Japan. 

–  ( M.Koshiba/R.Davis) Nobel prize 2002.  
• Solar neutrino oscillation confirmed by the SNO experiment in Canada ( 

2002) A.McDonald(Queen’s) Pontecorvo prize awarded to the team and 
Nobel prize 2015, Breakthrough prize 2016 
 

• Neutrino oscillation confirmed for accelerator made neutrino and for 
reactor made antineutrino.(K2K  and KAMLAND experiments in Japan 
2004) 

. 
• First detection of  neutrinos from the earth (Kamland, Japan 2005) 

 
• First evidence for Theta13 from T2K (June 2011) 
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A quote 

 All main ideas of the modern neutrino 
physics were suggested by Bruno Pontecorvo.  

 
     Val Telegdi 
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Herb Chen’s idea 

• Chen, Herbert H. (September 1984). "Direct 
Approach to Resolve the Solar-Neutrino 
Problem". Physical Review Letters. 55 (14): 
1534–1536.  

• SNO was based on his idea to use heavy water 
as a detector mass. 

6/12/2018 CAP congress 2018 26 



Summer/Coop students at TRIUMF 
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T2K Collaboration 

~ 400 members from 12 Countries  
Japan, US,  Canada, France, UK, Switzerland, Poland, Korea, Russia, 

Spain, Italy, Germany 
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Tokai-to-Kamioka (T2K) long baseline neutrino 
oscillation experiment 

OA3°

OA0°
OA2°

OA2.5°

振動確率＠
∆m2=3x10-3eV2

ν µ
Φ

xσ

1600νµCC/yr/22.5kt 
(2.5deg) 

• Intense sub GeV νµ beam from J-
PARC 

– Off-axis narrow band beam tuned at 
osc. max 

– Construction 2004~2008 
• World largest Super-Kamiokande 

at 295km 
• Main goals 

– w/ 750kWx5yr(15000hr) (approved) 
– Discovery of νe appearance (2011) 
– Precise measurements on νµ disapp. 
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2018 status 
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Theta13 
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Another canadian idea ( Konaka) 
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New long baseline experiments 

Fermilab project J-PARC/U of Tokyo 
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HK/Dune reach 
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Today’s questions 

• What is the mass of the three types of neutrinos 
• Why are their masses so small ( new physics) 
• Are neutrino responsible for the matter- anti matter 

asymmetry of the universe ( why do we exists at all?) 
• What is the dark matter of the universe made of? 
• Are there other “sterile” neutrino’s (see recent 

neutrino conference results) 
• Neutrinos as probe of stars 
• Neutrinos in the universe and evolution in time  
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Murayama ( Kavli/IPMU-Tokyo U) 
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Leadership is not about driving the train 
but about laying down the tracks 
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Leadership is laying the tracks but many “drivers” 

are needed to go beyond the Standard Model 
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Conclusions 
• LHC has given us the last missing piece of the Standard Model at the energy 

frontier, the Higgs boson. 
• LHC has failed to reveal any anticipated new particle  
    ( for ex. SUSY)....so far. 
• BSM physics can manifest itself in various observables to be studied at the 

intensity frontier.  
•  Canadian Particle Physicists with strong support from the Canadian tax payers 

through NSERC,CFI and NRC are at the fore front of the search for a more 
comprehensive “Standard Model ” , the BSM ( Best Standard Model) 

• TRIUMF is well positioned to continue its strong participation  in these many  
quests for the new Holy Grail. 

• Thank you CAP for recognizing my contributions to this exciting field of research 
•   I would like to acknowledge  that this was not done without a strong cooperation 

of my many colleagues, students, post docs and staff members……. This was always 
a team effort at TRIUMF  

• It was in fact a family effort  with Renee collecting the data of many of our 
experiments and my two sons sharing the hectic life style of a physicists ‘ home. 
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Merci! 
Thank You! 
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