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• Leadership is not about driving the train but about laying down 
the tracks 

• Examples: 
– TRIUMF initial funding and organization 
– TRIUMF as an international laboratory 
– KAON 
 
– TRIUMF as a multidisciplinary laboratory 
– TRIUMF  and Technology transfer office 
– TRIUMF and Universities: expanding the consortium  
– Community reach : 

• Science world  
• BC science council 
• Vancouver institute 

 

Leadership 
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Leadership is not about driving the train 
but about laying down the tracks 
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Particle physics at TRIUMF 

• The early years 
• The KAON years 
• The Higgs years 
• The BSM years 
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The early years ( 1975-85) 

• Meson factory years 
• From the beginning,  weak interaction studies 

were part of the TRIUMF research program. 
• U.Vic pienu branching ratio and rare Mu to E 

conversion 
• U de Montreal rare pion/muon decays 
• Berkeley muon decay precision measurements 
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Meson Factories 

• LAMPF 
– MEGA (µ-> eγ) 

• SIN/PSI 
– µ-> eγ, µ-> e+e+e-, SINDRUM 
– -MEG 

• TRIUMF 
– µ->eγγ, π−>eν, µΝ−>eΝ 

• KEK/PS 
• INR(Troisk) 
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The Zurich meeting (1977) 
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The Zurich meeting  
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TRIUMF E104 

Triumf E23 



Ε104: µΝ−>eN conversion ( 1978-1984) at TRIUMF 

Many new technologies  
• First TPC use in an 

experiment. 
• RF separator 
• High density read out 
• Data acquisition 
• VOGT counter 
Led to: 
• Hermes TRD’s chambers 
• RMC drift chamber 
• E787 drift chamber 
• Babar drift chamber 
• T2K TPC’s 
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Pion and Muon decay experiments 

Partnership with US  groups 

pienu (1), pienu(2), pienugamma,  
K.Crowe, M.Strovink, Twist, Pienu 

(3) 
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Internationalization of the TRIUMF 
program 

• To secure international contributions to KAON, Erich 
pushed for expanding  the TRIUMF program beyond 
that on the cyclotron and supported an active external 
program: 
– Rare decays at TRIUMF moved to BNL (ex 787/949) 
– Parity Violation in p-p  moved to Q-weak at TJNAF 
– Pol 3He program led to Hermes at HERA 

• Physics studies during KAON led to 
– Neutrino  BNL proposal( failed to be funded) and T2K 
– Kaon resonances studies  at BNL and KEK 
– Antiproton studies at KAON led to ALPHA 
– Rare decays at BNL, KEK, J-PARC? 
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HERA model 

• Erich introduces the so called “HERA Model” 
which was used to bring Canada into Hera and to 
support the Canadian participation in ZEUS and 
HERMES experiments in the early 80’s. 

• It calls for contributions to both the accelerator 
and the detector/data analysis systems. 

• This was the model Erich wanted for KAON. 
• This model is the basis for  the Canadian 

Participation in ATLAS/LHC, T2K/J-PARC. 
• To some degree, It is the basis of the FAIR 

business model. 
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Connecting with world’s  physics 
drivers 
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1988 Kaon symposium:    Erich shares a log with V.Soergel,(DESY),  L. 
Maiani(Cern) and boat captain in Centre Bay on Gambier island.  



Towards the HIGGS years 

• TRIUMF-LHC contribution: 
– Cern-TRIUMF collaboration during KAON PDS led to 

TRIUMF-CERN contribution to the LHC 
• ATLAS-CANADA  

– End Cap calorimeter 
• TRIUMF Tier-1 computing centre 

 
• The key decision that led to this was the creation 

of the Pearce chair at U-VIC and the hiring of 
A.Astbury.   
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TRIUMF-CERN 
ATLAS-Canada project 
 ( C.Oram) 

TRIUMF-LHC contributions            ( E. 
Blackmore) 
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ATLAS discovery of HIGGS boson 

Feb 7th 2015  E.Vogt Science Symposium 19 



Timeline for a Nobel prize in PP 
• 1964 Theory of Higgs boson 
• 1984  Higgs search Experiment design started 
• 1984 LHC conceptual design 
• 1993  SSC cancelled  
• 1994 Atlas detector technical proposal 
• 1998- 2008 LHC –ATLAS construction 
• 1996  TRIUMF asked to build Parts for LHC 
• 1998  ATLAS Canada funded  
• 2008 LHC first beam 
• 2012  Higgs found 
• 2014  Nobel prize awarded 

 

Feb 7th 2015  E.Vogt Science Symposium 20 



SNO 
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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. 
 

• 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) 

 
 
 



Now to the Future 

• Study the scalar sector of the SM at the LHC 
• Search for physics beyond the Standard Model 

– Direct search for new particles 
• LHC program 
• Dark matter search 

– Indirect search for deviation from SM 
• CP violation/ CPT tests/ gravity checks 
• Majorana  or Dirac Neutrino 
• Charged Lepton Flavor violation (CLFV processes) 
• Neutrino mass scale 
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Physics beyond SM (Theory)  

• Theory motivated reasons for it: 
– Flavor problem: 

• Masses and Mixing are arbitrary parameters 
• Number of independent families (3?) 
• Lepton coupling universality 
• Masses of fermions  much spread out 

– Unification of strong interactions 
• Running of  3 coupling constants 

– Gauge Hierarchy problem 
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Beyond  Standard Model experimental 
evidences  

• Dark non-baryonic matter ( neutrino cannot 
be it) 

• Neutrino have mass  ( SNO-SK  2001) 
• Universe is matter dominated (CP violation) 
• Dark energy 
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Supersymmetry, SUSY 
•Perhaps the most theoretically appealing 
(certainly the most well studied) extension of 
the Standard Model 
•Natural solution to hierarchy problem 
(stabilizes quadradic divergences to Higgs 
mass) 
•Restores unification of couplings 
•Vital ingredient of string theory 
•Naturally provides a compelling candidate for 
dark matter 
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Ref: Murayama’s  talk ICFA 
v panel Nov 2013 
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New CP violation? 
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J-PARC complex 
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T2K experiment 
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 J-PARC MJ-
PARCain ring 

J-PARC complex at Tokai 

Kamioka mine( W-Japan) 



Summer/Coop students at TRIUMF 
(Erich’s favorite program) 

Feb 7th 2015  E.Vogt Science Symposium 33 



ND280 Off Axis detectors 
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International competition 
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Test of CP violation  
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n/Rn EDM at TRIUMF 
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2βdecay 

Sensitivity        Many experiments 

Feb 7th 2015  E.Vogt Science Symposium 40 



Double Beta decay 
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• Nuclear structure ( Theory and experiments)  
• EXO 
• SNO+ 



Charge Lepton Flavor Violation 

• Rare muon decays 
– PSI 
– FERMILAB 
– J-PARC 

 

• Rare tau decays 
– Super B 
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What is needed 

• Huge flux  of µ-:   1011/sec 
– This is 103 times what a 2MW proton beam can 

produce in the best conventional muon channel at 
PSI. 

• Pulse beam to avoid prompt background 
• Improve spectrometer energy resolution 
• Improve muon momentum selection  
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R.M.Dzhilkibaev, V.M.Lobashev 
INR 1989 proposal 
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Fermilab MU2E 
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Conclusion 
• 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.  
• TRIUMF is well positioned to participate in these many  

quests for the new Holy Grail. 
 
• For Canadian Particle Physics, Erich put us on the right 

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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Merci,  Erich 
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Thank you! 
Merci 

TRIUMF: Alberta | British Columbia | Calgary | 
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