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NOnA Overview
• NOvA (NuMI Off-axis n Appearance)

• Source: NuMI nm beam (FNAL)

• Far Det (FD) (810 km @ Ash River, MN)

• Near Detector (ND) (1km @ FNAL)

• 15 mrad off-axis (tight energy peak)

on axis
15 mrad off-axis
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• FD (at Ash River, MN, 810 km baseline):
– 16m x 16m x 60m, 14kton, on surface (some barite overburden)
– ~2/3 LS by mass, ~344,000 cells, 896 planes (64 planes = 1 kton = 1 diblock)
– 99.5% of channels operational

• ND (@ FNAL, 1km from NuMI target):
– 4m x 4m x 16m, 0.3kton, underground
– ~20,000 cells, design similar to FD
– main differences: size and ND `muon catcher’, a range stack at the back 

end of alternating steel and scintillator planes

each
cell
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nm Disappearance
• Start with a beam of nms, oscillate to other flavors

• P(nmnm)  1 - sin2(2q23)sin2(1.27Dm2
32L/E)

• Direct measurement of q23 (maximal?), Dm2
32

• Backgrounds for disappearance:

• NC neutrino events 

• Cosmic ray background

• Signature: 

• high E muon

• possible vertex hadronic activity

(simulated 𝜈𝜇 CC event)

m-

p+

Second analysis results 
published recently (PRL April 2017)

These results shown next
based on 6.05e20 pot

Phys. Rev. Lett. 118 (2017) no. 15, 151802

Kirk Bays, TAUP 2017 4



• Cut 1: Quality cuts
• remove junk

• Cut 2: Containment
• require containment for E reconstruction

• Cut 3: Remove NC events
• kNN utilizing muon track length, 

dE/dx, scattering, more

• Cut 4: Remove cosmic ray muons
• FD is on surface, many cosmic rays
• use timing for first step: neutrinos only in   

10 ms window every 1.3 s
• still require further ~107 reduction
• use BDT to get remainder of reduction; 

inputs include track angles, containment, 
hadronic activity
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nm: Background reduction



• Neutrino E resolution ~7% FD and ND
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nm: E reco and efficiency

• Signal efficiency is function of E

MC estimate at:
sin2q23=0.5
Dm2

32=2.35x10-3 eV2



• Full 3-flavor far over near 
extrapolation

• Since ND and FD almost 
identical many systematics 
cancel (ie flux)

• Remaining large systematics 
include energy scales and 
cross-sections

• 2p2h is included in this 
analysis, starting with 
Dytman’s empirical MEC 
model and tuning it to our ND 
data.  Cross-section 
uncertainties includes 2p2h
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nm: Systematics and 
extrapolation

assuming upper octant



• c2 spectrum fit with systematics 
as nuisance parameters
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nm: Results Results: 

• Dm2:      2.67 +- .11

• sin2q23:  .402 + .03 - 0.22 (.626+.22-.03)   

• inconsistent with maximal mixing at 2.6 s



ne Appearance

• nms in beam oscillate to ne

• P(nmne)~sin2q23sin22q13sin2(Dm2
31L/4E)

• Measure q13, possibly hierarchy, constrain dCP

• Background: beam contamination, NC, cosmics

• Signature is EM shower from electron

10/20/2015 LANL 9

ne + nm joint analysis
6.05e20 pot data

published PRL May 2017
this result shown next

Phys. Rev. Lett. 118 (2017) no. 23, 231801



• Cosmic rays are an easier problem 
since the signal signature isn’t a 
muon; a cut eliminates these

• Then signal is isolated by use of a 
Convolutional Visual Network

• This advanced deep-learning 
technique uses the raw pixel maps, 
which are transformed to pull out 
abstract features, which are fed into 
a neural network

• 30% signal efficiency increase over 
our first analysis

• Data divided into 3 CVN bins x 4 
energy bins
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ne: Selection



ne: Results

• 33 final ne events pass selection
• background 8.2+-0.8

• The data is combined with the nm

data and fit simultaneously to 
extract dCP information

• Because the number of selection 
events is high, IH hierarchy with 
dCP values between 0 and p are 
largely excluded
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Sterile analysis

• A recent search for sterile 
neutrinos by looking for NC 
oscillations

• No evidence for sterile 
oscillations, constraints set

• Paper submitted, arXiv version:
• arXiv:1706.04592

• Check it out!
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http://arxiv.org/abs/arXiv:1706.04592


Next for NOvA
• Preparing for next data release: 9e20 

data neutrino mode (50% increase)

• Also analysis improvements:
• better systematics
• using CVN for nm

• improved cuts
• revised 2p2h and x-section handling

• Timescale for 9e20: by end of year

• Just finished taking anti-neutrino mode 
data (~3.5e20 pot), currently on 
shutdown, will take more after

• Anti-neutrino and joint neutrino/anti-
neutrino analyses in the works
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Thanks!



Backups
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2p2h
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2 functional parameters: q0 and |q|
q0 taken to match QE
|q| tuned to our ND data
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nue
extra


