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NO A 16-Cell PVC Extrusion 

32-pixel APD 

NO A Basic Cell 

Sampling 
 0.15 X0 per plane 



Far Detector Building,  Ash River, MN - Jan 24, 2011

3m earth-equivalent 
overburden of 

Barite/Concrete
to reduce cosmic 

backgrounds



Leak testing  

Far Detector Factory 



μ CC 

Monte Carlo 

e
 CC 

NC with 0 production  

Electron: (E)/E<6% 

Muon: (E)/E<3.5% for 2GeV QE 



P (νμ → νe) P (ν̄μ → ν̄e)

Δm2
32 < 0
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1 and 2  Contours for Starred Point for NOvA
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95% CL Resolution of the Mass Ordering
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Francesco Iachello, NeuTel 2011

CUORE 

CUORE 

GERDA I 

EXO 

SUPER 
NEMO 

SNO+ II ? 

SUPER 
NEMO 
(demonstrator) 

Steve Biller, NeuTel 2011









14.3 m 

2.9 m 

4.2 m 

NDOS first 5 blocks

NDOS Muon Catcher

NDOS Surface Building





Dec. 15, 2010



Dec. 15, 2010



Jan. 14, 2011





NDOS first beam neutrino December 2010

NDOS fully commissioned June 2011

First block of Far Detector installed December 2011

Start of accelerator shutdown March 2012

5 kt of Far Detector completed October 2012

End of accelerator shutdown December 2012

Start Near Detector operations underground March 2013

Far Detector completed October 2013



http://www-nova.fnal.gov





APD Module - 32 channels 

FEB 

   Avalanche Photo Diodes:  

•  85% Quantum Efficiency 

•  Gain~100 

•  cooled to -15C for 2PE 

dark noise 

ASIC: Amplification, 

shaping,  multiplexing to 

ADC 

Response:  

-   ~30 photo-electrons from μ at far 

end of cell 

-   4 P.E. total noise  



• Large:  14 kT 

• Required background 
suppression 

– ~50:1 for μ CC (easy!)   

– ~100:1 for NC 

– Maximize Hadronic/EM Separation 
 Low Z, Fine Sampling per 

Radiation Length 

• Energy Resolution 

– Small compared to width of signal 
peak 

•   Liquid Scintillator in             
PVC Structure 

Interaction spectra at 810km, 12km off-axis.   

Oscillations: m2=2.5x10-3eV2, sin2(2 13)=0.01 



e CC signal selection uses artificial neural net 

based on reconstructed parameters of the 

electron and the event: 

shape, signal profiles, topology, etc. 

ANN cut chosen to maximize                

 Figure of Merit (FOM)=S/ B 
Accepted e CC Signal Events 

F
O

M
 

Optimization region 

3yrs each mode, 15 kT, 

700 kW 

Neutrino 

Running 

Anti-neutrino 

Running 

Efficiency* 

e CC signal 75.0 29.0 36% 

Backgrounds 14.4 7.6 

NC 6.0 3.6 0.23% 

μ CC 0.05 0.48 0.004% 

Intrinsic Beam e 8.4 3.4 14% 

* Efficiency 

includes effect of 

fiducial cut 

Assumptions: 

sin2(2 13)=0.1   

sin2(2 23)=1.0      

m2=0.0024 eV2    

=0 and no matter 

effects 





Region where   
octant 23 degeneracy 
Is resolved 

•  In combination with a reactor 
experiment, NO A can lift the 

octant 23 degeneracy i.e.:                         

23 > /4 or 23 < /4



•  NO A can search for 

oscillations into sterile neutrinos 
by looking for energy-
dependent depletion of neutral 
current events in the Far 
Detector

•  Plot showing NC energy 
spectrum assumes a 23% 
fraction of the  oscillate into 
sterile neutrinos



»

With 3m barite overburden 
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