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Sample with bullet pointsongong aselineaseline eutrinoeutrino xperimentxperiment
• First Bullet
• Second Bullet

ongong aselineaseline eutrino eutrino xperimentxperiment

 More
 Yet more

Still more Still more
 Less important

 Trivial
Ne Ne trino Beam at FermilabNew Neutrino Beam at Fermilab…
…Directed towards NSF’s proposed DUSEL 
Precision Near Detector on the Fermilab sitePrecision Near Detector on the Fermilab site 
100 kT fiducial volume Water Cherenkov Far Detector
17 kT fiducial volume Liquid Argon TPC Far Detector
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17 kT fiducial volume Liquid Argon TPC Far Detector



LBNE and DUSEL

• NSF & DOE have formed the DUSEL Physics Joint 
Oversight Group (JOG), and have agreed:
 NSF will steward DUSEL facility
 DOE OHEP will steward LBNE, including beam line, near and 

far detectors
 NSF will contribute to LBNE detector (& cavity)

• Good communication and cooperation has developed 
between DUSEL and LBNE:between DUSEL and LBNE:
 Periodic  meetings  of  Joint Agency Project Group involving 

DOE, NSF, DUSEL, LBNE, and Lab and UCB management
 Laboratory Oversight Group formed
 Regular  DUSEL-LBNE coordination meetings 
 Growing integration of DUSEL and LBNE teams for civil 
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LBNE Project Time Line

• DOE CD-0 (Approve Mission Need) January 2010
• CD-1 Review (Conceptual design, preliminary 

cost and schedule range)  December 2010
• CD-1  (assuming successful CD-1 review) April 2011
• CD-2 (Project baseline)• CD-2 (Project baseline)  

depending on funding . . . mid/late FY2013
• CD-3 (start construction)

d di f di 2014 2015depending on funding . . . 2014 ~ 2015
• Schedule for construction under development

=> estimate that project will be complete >~ 2020j
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LBNE and DUSEL Project Schedules j
are well aligned.
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Goals of LBNE

High-sensitivity measurement of  -> e oscillations:
• Measure sin2(213) to << 0.01
• Determine the mass hierarchy:

Are  and  lighter or heavier than ?
• Search for CP violation in the neutrino sector

Use very massive neutrino detectors for:
• Improved limits (or discovery!) of proton decay

M t i t h i l t i• Measurements using astrophysical neutrinos:  
- Neutrinos from a supernova in (or near) our galaxy
- Diffuse supernova neutrino flux
- Atmospheric neutrinosAtmospheric neutrinos
- Solar neutrinos

• Further measurements of  disappearance

Precision neutrino cross-section measurements with
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Precision neutrino cross-section measurements with 
Near Detector
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59 Institutions 
… And still growing!
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LBNE Project Organization

• Fermilab has overall responsibility, and is lead lab for the 
beam, LAr TPC Far Detector, and Conventional Facilities

• BNL is lead lab for Water Cherenkov Far Detector
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• LANL is lead lab for Near Detector



WBS 1.2 - New neutrino beam at Fermilab

• Led by Fermilab with collaboration support.
• Horn-focused  beam, driven by Main Injector., y j
• Primary beam tunable 60 to 120 GeV

• Designed for initial Pbeam = 0.7 MW, 
upgradeable to ≥2 MW.
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WBS 1.2 - New neutrino beam at Fermilab

• Primary beam line design is well advanced:
 Optics design has been set
 Main magnet types have been chosen
 Beam laid out to thread through the busy area between  the 

8 GeV lines, NuMI beam, and Main Injector
V t d i t t ti d i Vacuum system and instrumentation designs 

 Installation planning proceding
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WBS 1.2 - New neutrino beam at Fermilab

• Good progress on neutrino beam design.
 Target  design development with IHEP Protvino 

(graphite) and RAL (Beryllium).  
 Target material irradiation studies with BNL/BLIP
 Target cooling studies with ANLg g
 Horn system optimization work with BNL … 2-horn 

system chosen.
 Horn conductor engineering and modeling isHorn conductor engineering and modeling is 

advancing well.
 Remote handling planning with ORNL
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WBS 1.2 - New neutrino beam at Fermilab

• Good progress on neutrino beam design.
 Decay pipe dimension set (4 m ID, 250 m length)
 Decay pipe cooling system preferred and alternate 

designs chosen
 Hadron absorber engineering and modeling proceeding g g g p g

well.
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WBS 1.2 - New neutrino beam at Fermilab

• Good progress on neutrino beam design.
 Shielding and tritium calculations are advancing, based 

on measurements and experience with NuMI.
 Requirements given to Conventional Facilities group to 

design beam enclosures and surface buildings.
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WBS 1.3 – Near Detector 

• Led by LANL with collaboration support
• Small FNAL role
• Neutrino detector to measure un-oscillated beam 

spectrum and neutrino cross sections needed to 
make the oscillation measurementsmake the oscillation measurements.

• Currently concentrating on physics studies to 
precisely define what is neededp y

• Several options under consideration:  
Scintillator tracker                  Straw-tube tracker                 LAr TPC
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WBS 1.4 – Water Cherenkov Detector

• Led by BNL with collaboration support. 
• Fermilab leads the PMT effort, and is active on ,

the water system design and simulations.
• Close coordination with NSF S4-funded design 

effort > integrated efforteffort => integrated effort.
• Designing 100 kT 

Fiducial Volume 
“Modules,” each 
~ 4x Super-K
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WBS 1.4 – Water Cherenkov Detector

• Active work on
- Water tank and deck
- Water system
- Understanding PMT supply
- PMT mounting systemsPMT mounting systems
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WBS 1.5 – LAr TPC

• Led by Fermilab with collaboration support.
• BNL has important role in electronics and TPC 

mechanical engineering.
• Designing ~17 kT fiducial volume modules  same as 

100 kT Water Cherenkov for oscillation physics.p y
• Cryostat and Cryogenic System engineering studies 

done mainly by contracts with outside firms (quasi-
industrial products)industrial products)

• Engineering options under study:
 Evacuable (modular)  vs.  Non-evacuable* (membrane) 

cryostatcryostat
 Vacuum  vs.  Passive* thermal insulation
 Depth 4850 ft  vs.  800* ft  vs.  300 ft.

Cold* vs Warm front end electronics
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 Cold   vs.  Warm front-end electronics
_______________
*Reference Design



WBS 1.5 – LAr TPC

• Rectangular cryostat with possible 2nd cavern for 
LAr storage or 2nd detector

• TPC design – Anode Plane Assemblies 
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WBS 1.5 – LAr TPC

• Cold Electronics Block Diagram
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LAr Integrated R&D Plan

• The LBNE LAr TPC 
development benefits 
from work outside the 
Project that is part of the 
LAr Integrated R&D Plan.LAr Integrated R&D Plan.

2009 Recommendation
The laboratory should develop a 
detailed plan for development of 
the LAr/TPC technology with 
clear milestones for each aspectclear milestones for each aspect 
of this plan by the end of year. 
MicroBooNE should be 
considered as part of this 
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development. 



LAr Integrated R&D Plan

• Task force: 10 from U.S. & Italy
 Development: Sep – Dec 09
 Director’s review – 23 Nov 09
 Submitted to DOE – 21 Dec 09

• Plan elements:Plan elements:
 Materials Test Stand at Fermilab – Argon purity 
 Electronics Test Stands at Fermilab and BNL
 Liquid Argon Purity Demonstrator at Fermilab Test Liquid Argon Purity Demonstrator at Fermilab – Test 

purity in 30 T capacity, non-evacuable cryostat.
 ArgoNeuT – Measure real neutrino interactions to use 

do develop reconstruction algorithmsdo develop reconstruction algorithms
 MicroBooNE – Scale up to 2.6 m drift; construct and 

perform full physics experiment and analysis
 LArSoft - Software development program to support
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 LArSoft - Software development program to support 
analysis of ArgoNeuT, MicroBooNE and LBNE data.



LAr Integrated R&D Plan

• Additional plan elements:
 Membrane Cryostat prototype – to evaluate and gain 

experience with this technology.
 Installation and Integration prototype – to understand 

installation issues in a realistic environment for a large 
underground detector.

 ~5% scale electronics systems test – to understand 
system-wide issues and component reliability.

 Test beam module.

• The Integrated Plan is being executed as 
planned subject to funding availabilityplanned, subject to funding availability.
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LAr Integrated R&D Plan - Milestones

• Additional plan elements:
 Membrane Cryostat prototype – to evaluate and gain 

experience with this technology.
 Installation and Integration prototype – to understand 

installation issues in a realistic environment for a large 
underground detector.

 ~5% scale electronics systems test – to understand 
system-wide issues and component reliability.

 Test beam module.

• The Integrated Plan is being executed as 
planned subject to funding availabilityplanned, subject to funding availability.
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WBS 1.6 – Conventional Facilities

• Led by Fermilab, with input from the rest of the 
Project and the Collaboration.

• LBNE is responsible for underground and 
surface facilities at the near and far sites.
Very close coordination with all other sub• Very close coordination with all other sub-
projects is required.

• Very close coordination with DUSEL is required y q
for all work at the far site.
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WBS 1.6 – Conventional Facilities

• Underground and surface facilities for beam and 
near detector – design work proceding well.
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WBS 1.6 – Conventional Facilities

• Underground and surface civil engineering for 
LBNE-specific facilities on/in the DUSEL site.

• Currently rely on DUSEL for Large Cavity design 
for Water Cherenkov Detector.  
Design for 2 caverns but with infrastructure to• Design for 2 caverns, but with infrastructure to 
enable a 3rd. 
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WBS 1.6 – Conventional Facilities

• Independent studies for LAr cavities
• Conceptual design studies done for 4850 ft and p g

300 ft
• Design for 800 ft 

recently launchedrecently launched
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LBNE Physics Reach:  -> e appearance
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LBNE Physics Reach:  -> e appearance
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LBNE Physics Reach: CP Violation

1
2

3––
5––

2
3
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LBNE Physics Reach – Proton Decay

• First Bullet
• Second Bullet

 More
 Yet more

Still more Still more
 Less important

 Trivial
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Ed Kearns, LBNE Collab. Mtg., 
27 May 2010.



LBNE Physics Reach – Proton Decay

LAr 34

Ed Kearns, LBNE Collab. Mtg., 
27 May 2010.
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LBNE Configuration Decisions

• LBNE has many configuration choices, for example:
 Water Cherenkov Detector vs. LAr TPC
 Near Detector configuration 
 Investment in beam vs. near detector vs. far detector.
 Detector mass vs. photocathode coverageDetector mass vs. photocathode coverage

• Approach:  Build an experimental complex to deliver 
the best possible science.

• Based on the DOE mission need statement and the 
NSF objectives for DUSEL Physics, we consider that
Neutrino oscillations and proton decay should beNeutrino oscillations and proton decay should be 
most strongly considered in choosing the 
configuration for “the best possible science.”
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LBNE Configuration Decisions

Inputs to the decision:
1) Determine physics sensitivities based on simulations ) p y

of signal and background for each configuration.
2) Conduct risk analysis (technical, cost and schedule) 

for each detector technology and far detector depthfor each detector technology and far-detector depth.
3) Estimate cost and schedule for each configuration.
4) Normalize far detector mass to common cost4) Normalize far detector mass to common cost.
5) Estimate physics reach = f(t) for each configuration.
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LBNE Configuration Decisions

• Plan – Constitute the Collaboration Executive 
Committee as an advisory committee charged to:
 Evaluate the “input data”
 Weigh the relative importance of the inputs
 Produce a consensus report making recommendationsProduce a consensus report  making recommendations 

concerning the configuration of experimental complex.
 “Too early to decide” is a possible outcome for some 

choices prior to CD-2.choices  prior to CD 2.
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Summary

• LBNE, together with DUSEL, are planning a world-
leading program in neutrino oscillations, proton 
decay and neutrino astrophysics.

• Major progress has been made in the past year:
Roles and relationships have been defined and established Roles and relationships have been defined and established 
between DOE and NSF and between the DUSEL and LBNE 
Projects.  The DUSEL and LBNE Projects are developing a 
strong partnershipstrong partnership.

 A strong LBNE Project Team is in place and is working well. 
Fermilab, BNL and LANL are committed to the Project.

 The LBNE Science Collaboration is growing rapidly and The LBNE Science Collaboration is growing rapidly and 
working in close cooperation with the LBNE Project Team 
and DUSEL.

 Serious progress is being made in developing the
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 Serious progress is being made in developing the 
Conceptual Design, as well as other  prerequisites for CD-1.



END



Neutrino Physics Strategy

• LBNE, as currently planned, is sensitive to 
CP violation discovery (  0 or at 3) for 
sin2213 >~ 0.01.

• By CD-2 (mid-2013) we are likely to have seen
 if sin22 > 0 0513 if sin 213 >~ 0.05,
or have a limit <~ 0.025.
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Neutrino Physics Strategy

If sin2213 is not known to be > 0.01 at CD-2 or CD-3 we 
could:
• Continue the project to search for e appearance, 

pushing to the lowest possible 13, and to execute the 
rest of the LBNE program Utilize the higher beamrest of the LBNE program. Utilize the higher beam 
power from Project X when it becomes available to 
extend the reach.

• Build the far detectors to focus on proton decay and 
neutrino astrophysics, but not build the beam until 13
is found by others.is found by others.

• Continue project planning, but wait to start construction 
until 13 is found by others.
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Neutrino Physics Strategy

• Build low-energy neutrino factory, based on the Project 
X beam and aimed at DUSEL.
 13 discovery down to sin2213 ~ 10-4 and CP violation 

discovery down to sin2213 ~ 10-3.
 International Design Study RDR due in 2012/2013, progress 

on Muon Accelerator Program => basis for decision.
 Requires magnetized detectors at DUSEL, which could be 

optimized also for  proton decay and neutrino astrophysics.
• Take advantage of new ideas that may arise.

Substantial study and consultation with the fundingSubstantial study, and consultation with the funding 
agencies and the broader HEP community would be 
required to determine the best path to take.
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