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Overview 
• Introduction 

 

• The NuMI Project: MINOS 
• Beam & Detectors 

• Muon Neutrino Disappearance 

• Neutral Current Events 

• Electron Neutrino Appearance 

 

•Outlook 
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Neutrino Mixing 
• Assume that neutrinos do have mass: 

• mass eigenstates  weak interaction eigenstates 

• Analogue to CKM-Matrix in quark sector! 
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• Neutrino is produced in weak eigenstate 

• It travels a distance L as a mass eigenstate 

• It will be detected in a (possibly) different weak eigenstate 

• Simplified model with two neutrinos only 
 or   
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Oscillation Signature 
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735 km 

(12 km) 

Experimental Setup 

• MINOS  
(Main Injector Neutrino Oscillation 
Search) 

• A long-baseline neutrino oscillation 
experiment 

• Near Detector at Fermilab to 
measure the beam composition 

• Far Detector deep underground in 
the Soudan Underground Lab, 
Minnesota, to search for evidence 
of oscillations 
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Making Neutrinos (II) 

• Neutrinos from the Main Injector (NuMI) 

• 10 μs spill of 120 GeV protons every 2.2 s 

• 250 kW typical beam power 

• 2.5 1013 protons per pulse 

• Neutrino spectrum changes  
with target position 



 

Beam Data Analyzed 
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neutrino data used in latest results 
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MINOS Detectors 
• 3 MINOS Detectors 

• Near Detector   @ FNAL  (ND) 

• Far Detector   @ Soudan (FD) 

• Calibration Detector  @ CERN  (CalDet) 

• Magnetised steel scintillator tracking calorimeters 
• functionally identical 

5.4 kton 

12 ton 
0.98 kton 
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• former iron mine, now a state park, home of 
• Soudan-1 & 2 , CDMS-II , and MINOS experiments 

Soudan Underground Lab 
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Detector Construction (I) 
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Detector Technology 

Near and Far Detectors are 
functionally identical:  

• 2.54cm thick magnetised steel 
plates  

• co-extruded scintillator strips  

• orthogonal orientation on 
alternate planes – U,V 

• optical fibre readout  
to multi-anode PMTs 

Multi-anode PMT 

Extruded 
PS scint. 
4.1 x 1 cm 

WLS fiber 

Clear 
Fiber cables 

2.54 cm Fe 

U V planes 
+/- 450 

Scintillator strip 



Near Detector 
• 282 planes, 980 tons total 

• Same 1” steel,1 cm plastic scintillator planar construction, B-field 

• 3.8x4.5 m, some planes partially instrumented, some fully, some steel only 

• 16.6 m long total 

• Light extracted from scint. strips by wavelength shifting optical fiber 
• One strip ended read out with Hamamatsu M64 PMTs, fast QIE electronics 

• No multiplexing upstream, 4x multiplexed in spectrometer region 

3.8 m 

4.8 m 
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Hadronic: 56±2%/E 

EM: 21±4%/ E 

• 60-plane  ‘micro-MINOS’ 
• has taken data at T7 & T11 test beam lines at 

CERN during 2001, 2002, 2003 

• Instrumented with both Near and  
Far Detector electronics 
• To provide cross-calibrations 
• Energy uncertainties: 3% relative, and 1.9% 

(ND) & 3.5% (FD) absolute 

Calibration Detector 

6
/6

/2
0

1
1

 



Neutrino events 
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Muon neutrino disappearance 
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• Convert the measured near detector energy spectrum into a 
prediction for a far detector. 

• MC includes: beam geometry,  solid angle of the detector ,  
difference between detectors, etc 

 

 

 

 

 

 

• The deficit of the muon neutrinos 

at the far detector is  noticeable  
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Improvements in the analysis 
• Double the data since 2008 

• Improved shower energy  

reconstruction 

• Updated beamline simulation 

 

 

 

• Recovery of the antifiducial events  

     (neutrino interactions outside the detector) 
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• The most precise measurement 

of  atmospheric parameters. 

 

Other interpretations are  

disfavored  
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ANTINEUTRINO DATA 

• In the reverse horn current 

running antineutrino flux is 

dominant. 

• MINOS can select particle  

  charge. 

• Neutrino/antineutrino 
separation well-modelled.  
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• Neutrino/antineutrino compatibility 

only at the 2%C.L. 

• Antineutrino disappearance signal  

at 6.3 σ.  

 

 

 

                                                                        Neutrino oscillation  well  
     describes  this result  

 

 

     measurement statistically  
         limited 
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Antineutrino in FHC 
• The antinuetrino contamination 

In the forward horn current mode. 

• Higher energies of antineutrinos 

• Results consistent with  RHC. 
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Sterile neutrinos 
• Select only event with no muon tracks 

• Electron neutrino appearance is an  

   additional source of uncertainty 

 

  

 DATA CONSISTEN WITH  

 NO STERILE NEUTRINOS 
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7.07e20POT 



Electron neutrino appearance  

• Selection of the non-track  

events (showers). 

• ANN used to clasify the electron 

neutrino interaction topology. 

• 11 variables  from longitudinal and transfer energy deposition. 

(e.g shower width metric)   
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Results from 2010 (7e20 pot) 
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Limits for the missing parameters 
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Updates for 2011 analysis (8.2e20 pot) 
• Higher statistics (not huge improvement) 

• A new selector (“Library Event Matchig”) 

• Compares input to large library of simulate events. 
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Updates for 2011 analysis (8.2e20 pot) 
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Summary 

• New muon neutrino disappearance results 

• Precise measurement of mass-splitting 

• High-purity antineutrino measurment 

• Only 2% C.L agreement with neutrinos 

• New results this summer 

• No evidence for missing into sterile neutrinos 

•  fs <0.22 @90%  C.L  

• Many other results 

• Atmospheric neutrnos, cosmic rays 

• Cross sections 

• Beyond standard model physics searches 

• MINOS future: MINOS+, running in NOvA era.    
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