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LBNE – Neutrino Oscillation Goals

LBNE plans a comprehensive program to measure neutrino 
oscillations, to:

– Measure full oscillation patterns in multiple channels, 
precisely constraining mixing angles and mass 
differences.

– Search for CP violation both by measuring the 
parameter CP and by observing differences in  and ─
oscillations.

– Cleanly separate matter effects from CP-violating 
effects.
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   => 23, |m2
32|

  e => 13, sign(m2
32), 

CP

─  ─ 
e => explicitly observe  

CP violation
   => does it all add up?



To do this we need the right baseline
• Long enough to cleanly separate the  / ─ oscillation 

asymmetry due to the matter effect from CP-violating 
effect.

• Long enough to put the first and if possible second 
oscillation maxima at “practical” energies.

• Short enough that the matter effect does not dominate 
over the CP-violating effect. 

• Short enough that the beam is not too difficult to build 
(pitch angle).

=> 1300 km (Fermilab to Homestake) is “just right.”

The Baseline
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We need a large, highly capable detector to provide:
• High statistics for rare events (e appearance and 

survival at oscillation max)
• Efficient detection of signal and rejection of backgrounds.
• Reconstruction of complex final states
• Placed at sufficient depth to suppress cosmic ray 

backgrounds to a negligible level.

=> 34 kton LAr TPC underground at Homestake.

• Such a detector would be a powerful tool for other 
physics, including proton decay and supernova neutrinos.

The Far Detector
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We need a high-power, broad-band, high-purity neutrino 
beam, sign-selected beam.
• Broad-band, sign-selected => Horn Focused
• Cover first and if possible second oscillation max

=> large diameter decay pipe to collect low energy pions
• High purity => shorter decay pipe to reduce high-energy 

tail and minimize ±  e ± (─)
e

(─)
 decay in flight.

• Tunable over wide range of primary proton energy 
tunable spot size to optimize flux and allow study 
systematics.

• Capable of handling ≥ 2.3 MW from Project X.
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The Near Detector

We need a highly capable near detector to:
• Measure the spectra of all species: , e, ─, ─e

=> magnetized detector with good e± capability.
• Measure events from the same target nucleus (Ar) and 

the same technique as the far detector.
• Measure cross-sections necessary for oscillation 

measurements.
• Two candidate detectors:

- LAr TPC or 
- Straw Tube Tracker with embedded Ar Targets
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Vision Encounters Reality
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Reconfiguring LBNE
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http://www.fnal.gov/directorate/lbne_reconfiguration/index.shtml 

https://indico.fnal.gov/
conferenceDisplay.py?confId=5622



Reconfiguration Interim Report
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Pros and Cons

Fundamental Trade-offs
• Larger detector on the surface 

vs. smaller underground
• Use existing beamline => more 

$ for detectors in first phase
vs. new beamline with desired 
baseline and upgrade path 
=> less $ for detectors in first 
phase.
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Steering Committee Conclusions

But there are risks:
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First studies suggest that the risks are manageable, but work 
continues



Opportunities:

Limitations:

Steering Committee Conclusions
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*

* Note that the cost increase of moving the detector underground is only ~15% of 
the total cost of the project.  The cost of adding a high‐performance near 
detector, including all civil construction, is similar.



DOE Responds
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Phased Program

The preferred configuration would be the first step in a phased program.  
In the 1st phase, LBNE would determine the sign(m2

32) and measure CP, 
as well as measuring other oscillation parameters: 13, 23, and |m2

32|.  
Subsequent phases would include:
• Build a highly capable near neutrino detector, 

- reduce systematic errors on the oscillation measurements 
- enable a broad program of non-oscillation neutrino physics.

• Increase the detector mass or increase the beam power (Project X)
- add statistical precision to all of the neutrino measurements.

• Add a large detector at the 4850 foot (4300 mwe) level at Homestake
- enable proton decay, supernova neutrino, and other non-beam physics 
- further improve the precision of the main oscillation measurements 
- enable use of more difficult channels for a fully comprehensive program of 

oscillation measurements

The actual order and scope of the next phases would, of course, depend 
on physics, resources, and the interests of current and new collaborators.

NuFact 2012 18



Phased Program: Possible Example

NuFact 2012 19

1) 10 kt LAr detector on surface at Homestake + LBNE beamline 
(700 kW)

2) Near Neutrino Detector at Fermilab
3) Project X stage 1  1.1 MW LBNE beam
4) Additional 20‐30 kt detector deep underground (4300 mwe)

Additional national or international collaborators could help 
accelerate the implementation of the full LBNE program.



The LBNE Project is to deliver the first phase of this 
program:

• A new neutrino beam at Fermilab:
- Aimed at Homestake
- Spectrum optimized for this distance
- Upgradeable to ≥ 2.3 MW proton beam power

• A 10 kt LAr TPC detector on the surface at Homestake
- In a pit just below the natural grade
- Shielded against hadronic and EM component of CR showers

The LBNE Project
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• Tertiary muon detector to monitor the neutrino beam
- ionization chambers
- variable pressure gas Cherenkov detectors
- stopped muon detectors
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The LBNE Project – Next Steps

• The next step in the DOE project approval process is 
“CD-1,” which approves the conceptual design and overall 
cost scale and schedule of the Project.

• We have been encouraged by DOE to achieve this 
milestone by the end of December 2012.

• A prerequisite is to pass two major reviews:

• Fermilab Director’s Review 25-27 September
- Validates the design

• DOE (“Lehman”) Review 30 October – 1 November
- Validates the project plan 

• CD-1 will allow us to move forward to complete the design 
and to prepare for construction.
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Summary

• LBNE remains focused on its long-term goals:
a) Comprehensive program to measure neutrino oscillations

- determine the mass hierarchy and look for CP violation
- precision measurement of other oscillation parameters
- test the validity of the three-neutrino mixing model

b) Search for baryon number violating processes
c) Measure neutrinos from astrophysical sources, especially from a 

core-collapse supernova in our galaxy
• Fiscal constraints require us to approach our goals in a phased 

program
• The LBNE Project will build the first phase, and is expecting 

DOE approval of “CD-1” this year.
• New national or international collaborators could add scope to 

phase 1 or accelerate the implementation of later phases.
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