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Search for New Physics 
with the Fermilab Neutrino 
Beam 



Neutrino Physics circa 1995  

ÁTantalizing suggestions:  
Ğ Neutrinos have mass?  

Ğ Flavor non-conservation?  

Ğ Neutrino oscillations?  

ÁTwo prongs: 
Ğ Natural: large mass difference, very small mixing angle 
ċČ  Short baseline oscillation experiments  

Ğ Unnatural: large mixing angle, very small mass difference 
ċČ  Long baseline oscillation experiments  
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Short baseline experiments, 1995  

ÁCHORUS/NOMAD: nu tau appearance probability < 10 -4 

ÁMixing angles are expected (naturally) to be very 
small, hence 

ÁSecond generation of short baseline oscillation 
experiments: huge amount of detailed simulations and 
detector design work:  
Ğ COSMOS 

Ğ TENOR 

Ğ TOSCA 

Ğ NAUSICAA  

Ğ ESTAR 
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SuperKamiokande bombshell 

ÁNeutrino oscillations  

ÁVery small mass difference  

ÁNeutrino oscillations very strongly suppressed 
(~absent) at short baseline  

ÁSudden death of all short baseline oscillation 
experiments  
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Particle Physics circa 2010  

ÁNeutrino oscillations well established, mass 
differences and mixing angles pretty well known  

ÁStandard model expected to be incomplete, new 
physics expected in the range ~ few hundred GeV  

ÁStandard model spectacularly successful: no 
detectable deviation (other than the neutrino 
masses). What does it mean?  

ĞMass/energy scale of the new physics much 
larger? Multi TeV or higher?  

ĞSome symmetries/cancellations reducing the 
contribution of new physics to the investigated 
processes? 
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Broader Search for the New 
Physics? Neutrinos?  

Á (Almost?) every extension of the standard model leads 
to detectable effects in the neutrino sector  

ÁNeutrino processes involving the third generation 
(taus/tau neutrinos) may be particularly complementary 
to the other searches for the non -standard interactions  

ÁNeutrino oscillations may hide the effects of the new 
interactions (Nobel Prize of yesterday a tomorrowõs 
background)  

ÁRemember the fate of the short baseline oscilaltion  
experiments?? Neutrino oscillations are ônot observableõ 
at the short distance: Č short baseline appearance 
experiments  are particularly sensitive probes of new 
physics 
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Sensitivity to New Physics  
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It is possible to improve the 
limit on the numu to tau 
conversion by about two orders 
of magnitude, or discover the 
new physics  using the state of 
the art experimental techniques 
and planned NuMI neutrino 
beam (1995) 



From 1995 to 2010  

ÁTau neutrino interactions observed (DONUT)  

ÁNew emulsion techniques proven to be superior, 
cheaper and easier to the bulk emulsions (DONUT)  

ÁDramatic increase in the speed and efficiency of the 
automatic scanning techniques  

ÁHuge, 2 kton, tau appearance experiment constructed 
and operating (OPERA) 

ÁSilicon tracking (strips and/or pixels) well established 
technology. Huge area silicon detectors constructed 
and operating (CDF, D0, CMS, ATLAS)  

ÁHigh intensity neutrino beam (NuMI) constructed and 
operating. Major upgrade underway, to be completed 
in ~ 2 years.  
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The principle  
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Å Intense, high-energy long baseline muon-neutrino beam 

Å Massive active target with micrometric space resolution 

Å Detect tau-lepton production and decay 

Å Underground location 

Å Use electronic detectors to provide ñtime resolutionò to the emulsions and 

preselect the interaction region 



OPERA detector 
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