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This slide has absolutely nothing to do with neutrinos 

2 

E620 – Charged Hyperon Polarization and Magnetic Moments 

R. Rameika, PhD Thesis, 1981 



Outline 

  The Current and Near Term Program 

  Physics goals of  the future program 

  The Fermilab program in the next decade 



The Current Neutrino Program 
•  120 GeV protons from the Main Injector 

Neutrinos from NuMI 
•  To MINOS (2004 - 2012) 
•  To ArgoNeuT (data 2009; analysis in progress) 
•  To MINERvA (began operation in 2010) 
•  To NOvA, MINOS+ (beginning soon) 

•  8 GeV protons from the Booster 
–  Neutrinos from  Booster Neutrino Beam (BNB) 

•  To MiniBooNE (2002 - 2012) 
•  To SciBooNE (completed in August 2008) 
•  To MicroBooNE (starting in 2014) 



Target - horn separation 
sets the neutrino energy  
spectrum. 

The NuMI Beam 

Off-axis detector location  
sees a narrow band beam 



The Booster Neutrino Beam 
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Booster	


target and horn" Mini-BooNE"
detector"dirt "absorber"

primary beam" tertiary beam"secondary beam"
(protons)" (mesons)" (neutrinos)"

decay region"FNAL Booster!
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MINOS, NOVA 
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Detectors in either beam see  
neutrinos from both 



Two Major Physics Thrusts 

9 

Neutrino Oscillations 

Neutrino Interactions 



MiniBooNE Oscillation Results 
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Phys. Rev. Lett. 98, 231801 (2007)"

Doesn’t confirm LSND oscillation claim; low energy anomalies 



MicroBooNE to address anomalies 
Data starts in early 2014 
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170 ton Liquid Argon 
TPC with 2.5 m drift -> 
Need 1.4 msec electron lifetime 
Not evacuated 
Cold electronics for optimized  
signal to noise 
These are all technology advances over 
the 1st gen ICARUS detector New enclosure just upstream of 

MiniBooNE  

3 mm wire spacing 

TPC is size of a school bus 
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MicroBooNE will also collect high statistics for 
cross section measurements 
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Target - horn separation 
sets the neutrino energy  
spectrum. 

The NuMI Beam 

Off-axis detector location  
sees a narrow band beam 



MINOS  
Data 2005 - 2012  
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θ13 ,mass hierarchy and δCP 

? 



NOνA : NuMI Off-Axis 



NOνA  



Construction Underway 

19 3kT with beam expected in June 



NOvA Topologies and Sensitivities 
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Concurrent with NOvA 
(NuMI in ME tune) 

21 Continued cross section  
data from MINERvA 

MINOS+ collects data to  search 
for  NSI and sterile neutrinos 



 Matter Effects and CP 

 ν’s and and anti-ν’s can be used to distinguish ambiguities 

Matter effect 

CP effect 

Normal hierarchy 
sin2(2Θ13) = 0.04 



What happens at the longer baseline?  

•  Oscillation maxima are moved to higher 
energy 

•  Matter effects are significantly larger 

Plot by Niki Saoulidou 

P(νµ → νe)  



Fermilab to Homestake SURF (1290km) 
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from P5 
report 



from P5 report 



The Experimental Technique : optimize the 
spectrum to the oscillation probability 



Design for a new  
Neutrino Beam 
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The signal : charged current 
electron neutrino interactions 
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Liquid Argon TPC 

NOvA LS 



Progression on Neutrino Mass and Mixing 
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MINOS 

NOvA 

LArTPC for LBNE 



Modern Era of  Neutrino Experiments at Fermilab 
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MINOS 

NOvA 

LArTPC for LBNE 



NuMI (NOvA) 
8 GeV ILC-like Linac 

DUSEL 

Main Injector: 2.3 MW (120 GeV) 
Recycler: 200kW (8 GeV)  

Great flexibility toward a very high power facility while 
simultaneously advancing energy-frontier accelerator 
technology. 

SURF 



LBNE with Project X 
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New Short Baseline 
Proposals 
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No shortage of new ideas; just a shortage of $$s !! 

LAr1, NuStorm : 

SBL anomalies 
Cross sections 
New Technologies 


