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Observed: 802 events 
Expected:  754 ± 28(stat) ± 37(syst) events

No depletion of neutral 
current events observed

 (GeV)recoE
0 2 4 6 8 10 12 14 16 18 20

E
ve

nt
s/

G
eV

0

20

40

60

80

100

120

140

Far Detector Data

° = 013

>032
2m,  = ,  ° = 11.513

 CC Backgroundμ

2 eV-310| = 2.322
32m|

 = 12322sin

 (GeV)recoE
0 2 4 6 8 10 12 14 16 18 20

E
ve

nt
s/

G
eV

0

20

40

60

80

100

120

140

7.1x1020 POT



R =
Ndata − ∑

BCC

SNC

Predicted CC 
background 

from all flavors 

Predicted NC 
interaction signal 





34 < 26° (37° e)  (90% C.L.) (Both models)

24 < 7°   (8° e)    (90% C.L.) (m4 >> m3)

fs =
Pνμ→νs

1 − Pνμ→νμ
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BACKUP



Beam quality and detector quality cuts

Beam positioning, magnetic horns energized, detectors running within operational parameters

Cosmics removed using timing and steepness

Calorimeter Spectrometer 

NEAR DETECTOR 

FAR DETECTOR 
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R =
Ndata − ∑

BCC

SNC

Predicted CC 
background 

from all flavors 

Predicted NC 
interaction signal 





Effect of largest uncertainties on R

Effect of largest uncertainties on mixing angles in degrees



If neutrinos were to decay into a sterile 
species, NC spectrum would also be affected

Performed NC+CC fits of a model with 
neutrino oscillation + neutrino decay

    

NC+CC fits disfavor pure 
neutrino decay ( m2 0) at 7.8   3/m3 > 5.8x10-12 s/eV   (90% C.L)

Consistent with no neutrino decay ( =0).   
Can set a limit on neutrino lifetime


