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• Investigate the sensitivity of various experimental setups
– Use fitting program to the energy spectrum in multiple detectors
– Determine sin22θ13 sensitivities

• Study generic multi-detector, multi-reactor setups

• Study actual setups from various proposed groups

• Investigations ∆m2 measurement capability

• Early results on reactor / off-axis combined sensitivities
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Fitting Program

• Form χ2 between "observed" and "predicted" event 
spectrum in energy bins.  (100  0.1 MeV bins)

• Systematic uncertainties included through extra fit 
parameters that are constrained by assumed systematic 
error:

• dxsec = 2% xsec error
• dk

Reactor = 2% reactor k power uncertainty
• dBkgnd = 3.5 (14) % background uncertainty
• dj

Near = 0.23 (0.8) % relative error for near detector j
• dj

Far = 0.23 (0.8) % relative error for far detector j
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Common Parameters for Generic Studies

• Scenarios assume:
– 3 years of data at 75% 

efficiency
– Background rates are assumed 

to be the same in the near and 
far detector

• May not be true but probably 
not a big effect

• Major Systematic errors 
– Relative near to far detector 

efficiency
• 0.80% for identical detectors
• 0.23% for identical detectors 

with capability to move far 
detector to near site for cross 
calibration

– Syst. error on the background
• Assume 3.5% for typical 

setup
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Questions about scenarios

• What is the optimal baseline?

• How much does a moveable detector scenario help?

• Does a near and two far locations have better sensitivity?

• How well can ∆m2 be determined?



5Results for Generic Studies



6How well can ∆m2 be determined?

• Current measurements are ∆m2 = 0.002 ± 0.0005 
• NuMI measurement expected to be:

∆m2 = 0.002 ± 0.0002  for 7.4 × 1020 pot 



7Results for Proposed Sites
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Conclusions on Scenario Comparisons

• Moveable detector gives about x2 better sensitivity

• For seeing oscillatory behavior (measuring ∆m2) , the multiple 
far location scenarios have only a slight advantage

- Probably not competitive with NuMI and JHF-SK
- But good confirmation to see oscillatory behavior

• Bottom line:
Best sensitivity associated with one far location and 

multiple detectors that can be moved to the near site for 
cross calibration

• For next studies:
– Reactor A ⇒ 90% CL sensitivity  sin22θ13 = 0.01
– Reactor B ⇒ 90% CL sensitivity  sin22θ13 = 0.02



9Studies for Comparing and Combining 
Reactor and Offaxis Measurements

• Early stages of work
• Plan: Determine sensitivities to various physics parameters

– Try combinations of various Offaxis data: 
• JHF Phase I  (3yr ν and 3yrν)
• NuMI Phase 1 (3yr ν and 3yrν)
• Reactor measurement with 

– 90%CL = 0.01 ⇒ δ(sin22θ13) = 0.006   (Reactor A)
– 90%CL = 0.02 ⇒ δ(sin22θ13) = 0.012   (Reactor B)

– Include systematic physics uncertainties
• sin22θ23 ambiguity
• matter effect ambiguity
• CP violation δ parameter variations

– Include experimental setups and measurement errors
• Try to use realistic estimates from the various proposals
• Include 20% nu contamination in offaxis nubar running

– Using oscillation code from Stephan Park
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Question 1:  What is sin22θ13 ?
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Question 2:  What is the mass hierarchy?
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Question 3:  Is there CP Violation? ⇒ Measure δ
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13If only consider normal hierarchy, much easier
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Combining Reactor and Offaxis
-Combine JHF nu-only with 

⇒ Reactor A  (δ(sin22θ13)90%CL = 0.006 ⇒ θ13 = 7.0°±0.5° )

θ13 = 7.0°±0.4° or sin22θ13 = 0.059 

Span of
reactor meas.
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Studies of Combining Offaxis and Reactor Results

• Program to do combined fits with reactor, JHF, NuMI
offaxis results

• Scenarios: Compare with/without reactor measurement
– Reactor + JHF (or NuMI offaxis) nu only
– Reactor + JHF nu only + NuMI offaxis nu only
– Reactor + JHF (or NuMI offaxis) nu + nubar
– Reactor + JHF (nu + nubar) + NuMI offaxis (nu + nubar)

• Investigate the sin22θ23 ambiguity
– Reactor data really helps here especially if sin22θ23≠ 1
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Parameter Assumptions for Studies

Reactor A
Scenario

JHF-SK
3yr ν
3yrν

NuMI-Off.
3yr ν
3yrν

NuMI
3yr

Studies include:

• Uncertainties in sin22θ23

• 20% ν contamination inν
running

• Only normal hierarchy for 
now
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Results for Various Scenarios

Problems with CP δ fit →

No CP δ fit →



18

JHF (with / without Reactor)
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δ = 45°
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JHF+NuMI (with / without Reactor)
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δCP Measurement (with / without Reactor)
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Conclusions

• Reactor measurements of sin22θ13 sets the scale for pursuing 
CP violation and mass hierarchy.
– If sin22θ13 is too small they will be out of reach for the offaxis

experiments even with a proton driver

• Ambiguities associated with sin22θ13, sin22θ23, mass 
hieracrchy, and δ make parameter measurements difficult 
with only offaxis measurements
– CP violation measurements particularly difficult depending on 

value of δ

• Adding a reactor measurement makes a significant 
improvement in extracting the physics parameters
– For some values of δ, one only has sensitivity for a combination 

of reactor and offaxis measurements.


