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Sample with bullet points

• First Bullet
• Second Bullet

• More
• Yet more
• Still more

• Less important
• Trivial…Directed towards a distant detector 

200 kton Water Cherenkov Detector
33 kton Liquid Argon TPC Far Detector

New Neutrino Beam at Fermilab…
Precision Near Detector 
on the Fermilab site 

…And all the Conventional Facilities required 
to support the beam and detectors 

Jim Strait, LBNE Project Manager
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Outline

• Collaboration and Project Organization
• Science Goals and Capabilities
• Conceptual Designs
• Preparation for DOE CD-1
• Far Detector Decision
• Critical Decision Milestone Goals
• Summary

DuRA Meeting  - 19 Jan 2012
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LBNE Project Organization

DuRA Meeting  - 19 Jan 2012

• Fermilab is the Lead Lab, and 
is responsible for the Beam 
and LAr Detector

• BNL is responsible for the 
Water Cherenkov Detector

• LANL is responsible for the 
Near Detector

• The Project and Collaboration 
are well integrated:
- Collaboration is heavily involved in 

Project planning.
- Project leadership are members of 

the Collaboration Exec Committee.
- Spokespeople are members of the 

Project Management Board.
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Outline

• A
• B
• C

DuRA Meeting  - 19 Jan 2012
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Performance of LBNE:
Long-Baseline  → e Oscillations

DuRA Meeting  - 19 Jan 2012

WCD LAr

• Sensitivity is mainly limited by statistics => would 
continue to improve with greater exposure (e.g.higher
power beam from Project X)

LBNE Physics Working Group Report, arXiv:1110.6249v1 [hep-ex]
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Performance of LBNE:
Proton Decay

WCD LAr

DuRA Meeting  - 19 Jan 2012

LBNE Physics Working Group Report, arXiv:1110.6249v1 [hep-ex]
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Current Status and Plans

• LBNE is working towards DOE’s Critical Decision 1 
(CD-1), and therefore is in the Project Definition phase.

• We are have been exploring a range of designs for all 
parts of the Project, to find the most cost-effective way to 
implement the experiment.

• The following slides present a range of configurations for 
the LBNE beam, near detector and far detector that we 
have considered in developing reference design that we 
will present for CD-1.

• We are nearing completion of the process of converging 
on a single conceptual design for the experiment.

DuRA Meeting  - 19 Jan 2012
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Neutrino Beamline

Main Beamline Parameters
• Horn-focused neutrino beam, optimized to cover the first 

and second oscillation maxima
=> 0.5 < E < 5 GeV.

• Driven by Main Injector: 60  Ebeam  120 GeV.
• Design for initial operation with Ebeam = 700 kW;

facility designed to enable upgrade to 2.3 MW.
• Decay pipe: 4 m (diameter) x 200~250 m long.
Main alternatives considered:
• Proton beam extracted from MI-10 or MI-60.
• Varying depth of the beamline components relative to the 

rock-soil interface.

DuRA Meeting  - 19 Jan 2012
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Neutrino Beam Alternate Designs:
MI-60 Extraction, Deep Beam 

DuRA Meeting  - 19 Jan 2012
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Neutrino Beam Alternate Designs:
MI-10 Extraction, Shallow Beam
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Existing extraction point for NuMI
Overall design very similar to NuMI facility.

MI-60 Extraction, Deep Beam
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Many differences from NuMI design … issues include: 
stability (deep foundations), muon-shine (shielding), 
tritium isolation from groundwater (geomembranes)

MI-10 Extraction, Shallow Beam
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Near Detector Complex

• Measure the (un-oscillated) neutrino flux
=> Neutrino detector system
Two designs are being developed, corresponding to 
water or LAr far detectors:
• Magnetized straw-tube tracker with embedded water targets.
• Magnetized liquid-argon TPC

• Measure the muon flux downstream of the absorber as 
another check on the neutrino flux, and to provide pulse-
by-pulse monitoring of the beamline.
=> Muon detector system
• Design is independent of far detector choice.

DuRA Meeting  - 19 Jan 2012
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Near Detector Alternate Designs:
Fine Grained Tracker

DuRA Meeting  - 19 Jan 2012

4m
Straw-Tube

Tracker
EM 

Calorimeter

Electronics RacksMagnet Coils

Beam

Straw-Tubes 
with H2O Targets

(~1.2 tons)

Muon
Detectors
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Near Detector Alternate Designs:
Liquid Argon TPC

DuRA Meeting  - 19 Jan 2012

LAr Secondary 
Containment

Magnet Coils

Muon
Detectors

Beam

BooNE-type
LAr TPC
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Muon Beam Monitoring System

DuRA Meeting  - 19 Jan 2012

Hadron Absorber

Ionization
Chambers 

( Beam Profile)

Variable Pressure
Gas Cherenkov

Detectors 
( Beam Energy)

Stopped Muon
Detectors 

(Low-Energy 
related to few GeV

neutrino flux)
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• Large Cavern at 4850 
ft.depth

• Water Vessel
• Ultra-pure water system
• PMT + light collectors to give 

photon detection efficiency 
equivalent to SuperK II

• 200 kt fiducial mass 
(9 x SuperK)

• Detector active volume:
63 m dia.x 77 m high.

Water Cherenkov Far Detector

DuRA Meeting  - 19 Jan 2012



21

WCD Cavern at 4850 Level
(LBNE-Only Configuration)

DuRA Meeting  - 19 Jan 2012

= 65 mh 
= 

10
0

m

Davis 
Campus

Large Cavity Advisory Board (April 2011):
“A combination of favorable rock mass strength 
and structural conditions and an in situ stress field 
that is reasonably benign means that a stable 65 
m diameter 102 m high vertical cylindrical cavern 
can be constructed at the selected location on the 
4850 level of the Homestake mine.”
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LAr TPC Detector

DuRA Meeting  - 19 Jan 2012

• Two detectors, end-to-end in a common cavern at the 
4850 foot level.

• Active volume of each detector: 22.4 x 14 x 45.6 m (w x h x l) 
• Total fiducial mass = 33 kt.

• TPC design:
o 3.7 m drift length
o 5 mm wire spacing 
o three stereo views

• Photon detection system 
integrated into TPC 
anode plane assemblies.
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LAr Cavern at 4850 foot Level

DuRA Meeting  - 19 Jan 2012

32
 m
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Alternate LAr Cavern Locations

DuRA Meeting  - 19 Jan 2012
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June 2012

Preparation for DOE CD-1

DuRA Meeting  - 19 Jan 2012

26‐30 March 2012
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Far Detector Technology Decision Process

DuRA Meeting  - 19 Jan 2012

• Two detector technologies have been under consideration for 
the LBNE far detector complex:  WCD and LAr TPC

• Both are able to achieve the primary physics goals; however 
their capabilities are not identical, due to:
- Very different particle detection methods.
- Nuclear physics:  40Ar  vs.16O + 2 free protons.

• The strengths and limitations/risks are rather different between the two.
- WCD is well developed technology, but requires very large detectors.
- LAr provides much more information per event, but is newer 

technology requiring more development.
• Decision based on:

- Technical feasibility and risk.
- Cost … within boundary conditions that are not precisely known yet.
- Physics capability, according to the prioritized physics goals.
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Far Detector Decision Process

• Decision process was established jointly by the Project, 
the Collaboration, and Fermilab management and 
“blessed” by DOE.

• Main elements:
1) Establish and validate the facts:

- External review of science cases
- External review of conceptual designs
- External reviews of the cost estimates

2) Collaboration Executive Committee, augmented by 
additional advisors, provides formal advice to the Project 
Manager

3) Concurrence of Fermilab Director, Laboratory Oversight 
Group, DOE/OHEP required.

DuRA Meeting  - 19 Jan 2012
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LBNE-doc-4099

Far Detector Technology Decision
General Principles

DuRA Meeting  - 19 Jan 2012
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Procedures for Far Detector Decision
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Procedures for Far Detector Decision
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Procedures for Far Detector Decision

DuRA Meeting  - 19 Jan 2012

We are now in this box
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Science Capabilities Review

DuRA Meeting  - 19 Jan 2012
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Science Capabilities Review
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Science Capabilities Review
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Conceptual Design, Cost and Schedule Review
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Conceptual Design, Cost and Schedule Review

DuRA Meeting  - 19 Jan 2012
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+ Advisers: F.Cavanna (ArgoNeut, BooNE, ex‐ICARUS), M.Gilchriese (SURF), 
S.Kettell (LBNE/WCD), J.Urheim (LBNE/LAr)
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After preference decision was made, this
statement was passed unanimously by the LBNE Executive
Committee, Dec 14 2011
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The Executive Committee also wished to strongly express their view
that getting the science done should outweigh consideration of far detector
technology in the final decision making‐process.

Passed unanimously by the LBNE Executive
Committee, Dec 14 2011

41
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The Far Detector Decision

Based on input from:
1) The Scientific Capabilities Review Committee, which was 

unanimous in its conclusion “that the prospect for the LAr detector to 
refine our understanding of neutrino oscillations … exceeds that 
from the WC detector.”

2) The CDR Review Committee, which concluded that both “the LBNE 
far-site detectors and conventional facilities are capable of executing 
the primary science mission.”

3) The LBNE Executive Committee, which “favored the Water 
Cerenkov option.”

I concluded that LBNE should proceed a liquid argon TPC detector at 
the 4850L depth at the Sanford Underground Laboratory at Homestake.

We are now awaiting concurrence of the DOE Office of High Energy 
Physics.

DuRA Meeting  - 19 Jan 2012
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Schedule Overview – Critical Decision Goals

CD-0 (Mission Need) January 2010 (Actual)

CD-1 (Alternative Selection) July 2012 (Goal)

CD-2 (Baseline) June 2014 (Goal)

CD-3a (Long-lead Procurement) June 2014 (Goal)

CD-3 (Construction Start) December 2015 (Goal)

CD-4 (Project Complete) 2022 (Goal)

DuRA Meeting  - 19 Jan 2012
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Summary

• LBNE is an important next step in neutrino physics.
It will be the only experiment capable of fully untangling the 
physics governed by θ13, for sin22θ13 >~ 0.01.

• It will enable a broad physics program including:
- other precision neutrino oscillation measurements 
- search for proton decay 
- measurements of neutrinos form a core-collapse supernova 
- studies utilizing atmospheric neutrinos.

• It can anchor a facility for underground science, enabling other 
experiments in fundamental physics.

• We have nearly completed our process for fixing the 
configuration of the experiment.

• Assuming positive decisions from DOE regarding Homestake, 
we plan to achieve CD-1 in FY2012.


