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What was done in NUMI-714

Cluster finding algorithm.

• Cut MC events with Pµ > 1GeV .

• Fraction of energy in highest energy cluster >

0.7.

• Number of strips in highest energy cluster

≥ 9.

• Neural net estimator Y > 0.

Input to neural net was a 5 strip × 10 plane

box around shower and two angles (U − Z,

V − Z) of the shower.

• FINAL cut on Etot kept as a function of

∆m2.
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What was NOT done in NUMI-714

• No examination of Monte Carlo accuracy.

• No study of multiplexing.

• No muon filter.

• No near detector study.

• No elucidation of requirements on calibration,

calibration module, photo-electron counts,

etc.

• Must perform detailed examination of

remaining background. An eyescan suggested

another factor of 2 improvement in

background rejection possible.
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Expected Efficiency

(νe appearance)
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Expected Signal/Background

(νe appearance)
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Problem for νe: background

δm2 signal νe νµ CC ντ CC NC NC

(intrinsic) (Eν <10 GeV) (Eν >10 GeV)

0.002 8 5.6 3.9 2 15.7 11.5

0.003 8.5 5.6 3.9 3 15.7 11.5

0.004 20 5.6 3.9 10 12.0 11.5

At |Ue3|
2
= 0.01

Baseline LE beam.

10 kton·years.
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Expected Limits

(νe appearance)

 sensitivityeν→µνMINOS  sensitivityeν→µνMINOS  sensitivityeν→µνMINOS 
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EXCLUDED (90% C.L.)

ALLOWED (90% C.L.)

 2| 3τ = |U  2| 3µ, |U2>m3|, m2
12 m∆|>>|2

23 m∆3−generation model, |
 (1998)τν→µνSuper−K atmospheric  

 (1999)xν→eνCHOOZ  

xν→eνKAMLand  
 90% C.L. limiteν→µνMINOS 10 kt−yr  
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Expected Sensitivities

(νe appearance)
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Regular mass hierarchyRegular mass hierarchy

Green test point at θ13 = .14, θ12 = π/4,

θ23 = π/4, δm2
12 = 0.0001eV2, δm2

23 = 0.003eV2,

φ = 2π/3.

Black line is 1-σ, 10 kt-yr νµ → νe

Red line is 1-σ, 20 kt-yr ν̄µ → ν̄e
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Some New Work
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CC QE

Brett: Run 25000 MC events assuming total νµ → νe conversion.

Run demultiplexing. New “standard” shower finder. Simple cut: 10

planes, 2 strips => 68% QE 14% NC.
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Future Experimental Approach

• More flux at lower energy

Improve ∆m2 resolution. Observe a dip in

the spectrum.

– New target/horn design

– Event rate

– Muon detection threshold in detector ?

• Enhance sensitivity to νe

– Reduce high energy flux (NC back.)

– Make detector better ?

– Build another detector ?

• Build a separate detector Off-axis.
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Neutrino Beam Components

(1)

(2)
(3)

(4)

(5)
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Effects of 2.5m Graphite plug

Energy (GeV) : 0 - 3 3 - 6 6 - 10 10 - 30

Reduction (%): 5 0.0 24 80
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Oscillation Probabilities
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List of analysis tasks for νµ → νe

• Re-evaluate the cross sections in the Monte Carlo.

Steve Kahn will show some y-distributions that

seem strange.

• Recalculate the physics reach for MINOS with

new improved reconstruction software.

1 Plot from Brett as a start.

Is there a demultiplexing issue for showers ?

• Simulate and analyze the background spectrum

in the near detector. Determine effects that will

limit the systematic uncertainty on the

background to the electron signal.

We made no study of near detector in NUMI-714.

Assumed 10% sys. error on background.

• Introduce calibration data from the recent

calibration runs of a test module at CERN into

the analysis.

It is still unclear where the calibration detector

data fits in the nue study.

• Blind Analysis

Milind Diwan
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Blind Analysis 3 methods

• Analyze near detector data to determine cuts.

Rely on Monte Carlo to predict far detector

background. Apply cuts to far spectrum without

prior examination of far data.

Need to have faith that we understand all far

detector hardware/software problems.

• Divide far data in two parts. e.g. 1/3 and 2/3

Develop cuts on 1/3 of the sample. Apply cuts to

2/3 that is left blind.

We may not have enough statistics to divide the

data samples in this way.

• Mix Monte Carlo νe signal into the data. Attach

a crypto-number to each event with two keys

kept with two separate people. Develop cuts and

extract the signal in the normal way on the entire

data set. When satisfied with your understanding

of the background eliminate the Monte Carlo

events with the cryto-graphic flag.

Must have excellent simulation of the detector in

every possible way.

Need to know ∆m2 reasonably well.

Milind Diwan
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List of items for νµ → νe optimized

running

• Redesign the first horn as well as the target in

the NuMI beamline to produce a beam with more

flux at 1.5 GeV.

• Eliminate the high energy tail which produces

neutrinos of energy as high as 50 GeV.

• Calculate the improvement in signal to

background ratio with the new beam. Identify

potential new problems in systematics.

• Perform conceptual engineering design of the

horn/target system; in particular, identify

solutions to the problem of keeping the target

cool and mechanically intact.

• Prepare a preliminary schedule and budget for

the proposed NuMI beam upgrade. Can this be

ready by 2006 ?

• Understand the performance of the new system

for the off-axis neutrino spectrum.
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