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Disclaimer:  I am focusing on my appearance 
analysis, but see Walter Winter’s 

disappearance (arXiv:1204.2671) analysis.  
This talk is the ‘tip of the iceberg’ of work 
that’s been done and most of it is written 

down.

I like to be interrupted when I talk.
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Figure 1: 3+1 four-neutrino schemes.

with preliminary results which hint at an intriguing difference between the muon
neutrino and antineutrino oscillation parameters.

These measurements led to the current three-neutrino mixing paradigm, in which
the three active neutrinos νe, νµ, ντ are superpositions of three massive neutrinos ν1,
ν2, ν3 with respective masses m1, m2, m3. The two measured squared-mass differences
can be interpreted as

∆m2
SOL = ∆m2

21 , ∆m2
ATM = |∆m2

31| ! |∆m2
32| , (1)

with ∆m2
kj = m2

k −m2
j . In the standard parameterization of the 3× 3 unitary mixing

matrix (see Ref. [1]) ϑSOL ! ϑ12, ϑATM ! ϑ23 and sin2 ϑ13 < 0.035 at 90% C.L. [6].
The completeness of the three-neutrino mixing paradigm has been challenged

by the recent observation of a signal of short-baseline ν̄µ → ν̄e oscillations in the
MiniBooNE experiment [7] which agrees with a similar signal observed several years
ago in the LSND experiment [8]. It is remarkable that the two signals have been
observed at different values of distance (L) and energy (E), but approximately at
the same L/E. Since the distance and energy dependences of neutrino oscillations
occur through this ratio, the agreement of the MiniBooNE and LSND signals raised
interest in the possibility of existence of one or more squared-mass differences much
larger than ∆m2

SOL and ∆m2
ATM. These new squared-mass differences should have

values larger than about 0.5 eV.

2. 3+1 Neutrino Mixing

In the following, I consider first the simplest extension of three-neutrino mixing
with the addition of one massive neutrino. In such four-neutrino mixing framework
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3. The Experiment
4. Performance
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CPT(⌫̄µ ! ⌫̄e) = ⌫e ! ⌫µ
νSTORM:

“Why is this 
better?”
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µ+

⌫e ! ⌫µ CC 332 0 1 1
⌫̄µ ! ⌫̄µ NC 47679 50073 -4.8% -10.7
⌫e ! ⌫e NC 73941 78805 -6.2% -17.3
⌫̄µ ! ⌫̄µ CC 122322 128433 -4.8% -17.1
⌫e ! ⌫e CC 216657 230766 -6.1% -29.4

⇡+

⌫µ ! ⌫µ CC ? ? ? ?
⌫µ ! ⌫e CC ? ? ? ?

µ�

⌫̄e ! ⌫̄µ CC 117 0 1 1
⌫̄e ! ⌫̄e NC 30511 32481 -6.1% -10.9
⌫µ ! ⌫µ NC 66037 69420 -4.9% -12.8
⌫̄e ! ⌫̄e CC 77600 82589 -6.0% -17.4
⌫µ ! ⌫µ CC 197284 207274 -4.8% -21.9

⇡� ⌫̄µ ! ⌫̄µ CC ? ? ? ?
⌫̄µ ! ⌫̄e CC ? ? ? ?

Interaction rates
• 2 km for 1.3 kt
• 1e21 POT (ie. 5 yr @100 kW)
• LSND Best-fit

Cut by injecting only one sign

Cut by timing
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⌫e✓
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GENIE and 
Geant4.

Form a graph 
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minimal 
spanning tree to 

find muon
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vertex

Does radius increase?

3.6 GeV nu_mu bkg, CC DIS

✓
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•How do you tell a        event from a       event?⌫̄µ⌫µ

⌫e

1. The World of Steriles
2. Our new approach
3. The Experiment
4. Performance
5. Sensitivity

Sig. Bkg.

The tail is due to 
‘swimming’ near 
superconducting 

coil and only goes 
one way.

✓
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1. The World of Steriles

4. Performance
5. Sensitivity

Decaying Particle Channel N
osc.

N
null

Di↵. (N
osc.

�N
null

)/
p
N

null

µ+

⌫e ! ⌫µ CC 332 0 1 1
⌫̄µ ! ⌫̄µ NC 47679 50073 -4.8% -10.7
⌫e ! ⌫e NC 73941 78805 -6.2% -17.3
⌫̄µ ! ⌫̄µ CC 122322 128433 -4.8% -17.1
⌫e ! ⌫e CC 216657 230766 -6.1% -29.4

⇡+

⌫µ ! ⌫µ CC ? ? ? ?
⌫µ ! ⌫e CC ? ? ? ?

µ�

⌫̄e ! ⌫̄µ CC 117 0 1 1
⌫̄e ! ⌫̄e NC 30511 32481 -6.1% -10.9
⌫µ ! ⌫µ NC 66037 69420 -4.9% -12.8
⌫̄e ! ⌫̄e CC 77600 82589 -6.0% -17.4
⌫µ ! ⌫µ CC 197284 207274 -4.8% -21.9

⇡� ⌫̄µ ! ⌫̄µ CC ? ? ? ?
⌫̄µ ! ⌫̄e CC ? ? ? ?

Interaction rates
• 2 km for 1.3 kt
• 1e21 POT (ie. 5 yr @100 kW)
• LSND Best-fit

Cut by injecting only one sign

Cut by timing

2. Our new approach
3. The Experiment

Cut by length

Cut by length
Cut by curvature
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Two cuts for finding 300 events in 500000:
•How do you tell a muon from a NC or      event?
•How do you tell a        event from a       event?⌫̄µ⌫µ

⌫e

1. The World of Steriles
2. Our new approach
3. The Experiment
4. Performance
5. Sensitivity

✓
✓

bkg.

sig.
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1. The World of Steriles
2. Our new approach
3. The Experiment
4. Performance

FFAG or FODO

π→μ→ν

3.8 GeV/c μ

ND FD

2 km

Sensitivity Steps:
1.  Flux
2.  Interactions
3.  Efficiency
4.  𝜒²

5. Sensitivity

50 m
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1. The World of Steriles
2. Our new approach
3. The Experiment
4. Performance • Integrate 

decay 
straight
• Available 
in Python 
Package 
Index as 
msrflux

5. Sensitivity

accelerator effect

50m NEAR

Flux

FFAG or FODO

π→μ→ν

3.8 GeV/c μ

ND

2 km
2km FAR

50 m
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1. The World of Steriles
2. Our new approach
3. The Experiment
4. Performance

Event rates 
•1.3 kt Sampling 
Iron Calorimeter
• Raw interactions
• No SM 
backgrounds
•Need 10^-5 bkg rej

5. Sensitivity

Decaying Particle Channel N
osc.

N
null

Di↵. (N
osc.

�N
null

)/
p
N

null

µ+
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⌫̄µ ! ⌫̄µ NC 47679 50073 -4.8% -10.7
⌫e ! ⌫e NC 73941 78805 -6.2% -17.3
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⌫e ! ⌫e CC 216657 230766 -6.1% -29.4
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⇡� ⌫̄µ ! ⌫̄µ CC ? ? ? ?
⌫̄µ ! ⌫̄e CC ? ? ? ?

31Friday, 21 September 12



1. The World of Steriles
2. Our new approach
3. The Experiment
4. Performance

Stephen Parke: 
“Don’t show me 
plots until it’s 10 

sigma!”

GLoBES 2012

(Backgrounds 
don’t oscillate)

5. Sensitivity
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1. The World of Steriles
2. Our new approach
3. The Experiment
4. Performance

Optimizing accelerator 
performance versus 

detector performance

Numerous 
other 

optimizations 
in LOI 

5. Sensitivity

25 GeV Neutrino Fact
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1. The World of Steriles
2. Our new approach
3. The Experiment
4. Performance

Optimizing Baseline and 
Energy

Numerous other 
optimizations in 

LOI 

5. Sensitivity You are here
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1. The World of Steriles
2. Our new approach
3. The Experiment
4. Performance

Optimizing cuts
Backgrounds at 1e-4 if unspecified

5. Sensitivity

You are hereYou are here
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1. The World of Steriles
2. Our new approach
3. The Experiment
4. Performance

Vary field strength?

5. Sensitivity

bkg.

sig.
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1. The World of Steriles
2. Our new approach
3. The Experiment
4. Performance The 10σ seems

fairly robust
• When varying cuts
• When varying field
• When varying POT
• When varying detector performance
• When varying muon energy and baseline

Simple physical cuts allow for systematic 
studies.  Promising start...

5. Sensitivity
sig.
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1. The World of Steriles
2. Our new approach
3. The Experiment
4. Performance

Non-sequiter
work of Walter Winter

5. Sensitivity

10-3 10-2 10-1 100
10-1

100

101

102

103

sin22q

D
m

2

GLoBES 2012

No system atics

Point source

Straight averaged

Straight+det. averaged
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Conclusions

• Sterile neutrinos rock.

• One of the twelve channels was presented; 
feel free to ask me about getting involved 
with other channels

• Simple detector performance study @ 10σ

• With this sensitivity to LSND, it’s the SNO 
of sterile neutrinos
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