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Neutrino oscillation in appearance 

·Atmospheric neutrino oscillation has been mostly studied 
through its disappearance. 

·Both in atmospheric and accelerator experiments. 
·Super-KAMIOKANDE, MACRO and Soudan-2 
· SK reported tau appearance in statistical basis. 
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·OPERA is designed to observe nm  nt oscillations in 
appearance mode. 
·Tau lepton identification on an event by event basis. 

 

·  The neutrino appearance is a key observation to establish 
neutrino oscillation.  
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OPERA Collaboration 
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·High energy neutrino 
·<En> ~17GeV (tau neutrino CC cross 

section above 3.5GeV) 

·Long baseline 
·L=732km 

·High energy beam optimized to 
maximize tau neutrino interactions  
·P(nmnt)~1% 
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CNGS (CERN Neutrino to Gran Sasso) 

Laboratori  

Nazionali   

del Gran 

Sasso  

732km 

P(nmĄnt) ~ sin22q23cos4q13sin2(Dm2
23L/4E) 
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nm 
              

Decay Ȱkinkȱ 

nt 
t- m-,e,h 

35% QE, 65% DIS 

nm 

m- nm 

no-oscillation  

Key technology for tau 
neutrino detection 

ct ~ 87 ʏm  
~600 ʏm of path 11% QE, 89% DIS 

·Micrometric accuracy in 
kilotons of detector. 

·Highly modular 
structure ECC(Emulsion 
Cloud Chamber) 
·The only one detector 

which directly observed 
tau neutrino interaction 
in DONUT experiment.  



·ECC properties 
·56 of 1mm thick lead 

plates interleaved with 57 
emulsion films. 

·8.3kg / brick 
·10 radiation length 

·150,000 ECC bricks 
·1.25 ktons 
·9 million films  

·Capability 
·Micrometric accuracy 

vertex analysis 
·Kinematical analysis 
· Momentum measurement 

by MCS. 
· EM energy measurement 
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OPERA ECC brick 
12.5cm 

10cm 

7.5cm  

8.3kg, 10RadiationLength 

n 

Thickness 288 mm 



OPERA detector 

·150,000 ECC bricks = 1.25 ktons of active target 
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Target area Muon spectrometer Gran Sasso Hall C 


