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DOE Mission Need
for LBNE

(January 2010)

* The Office of High Energy Physics proposes construction of an experiment
comprised of a large detector illuminated by a distant, intense neutrino source and
a much smaller detector located close to the source.

 Theincreased research capabilities afforded by a long baseline (distance between
the detector and the neutrino source) neutrino experiment will enable a world-
class program in neutrino physics that can measure fundamental physical
parameters, explore physics beyond the Standard Model, and better elucidate the
nature of matter and antimatter.

* The large detector, if located underground, and thus shielded from cosmic
backgrounds, could also be sensitive to proton decay, predicted by grand unified
theories which are natural extensions of the Standard Model. ... Furthermore, an
underground detector could serve as an observatory for neutrinos generated by
supernovae since the beginning of time and for neutrinos generated more recently
by supernovae in our galactic neighborhood, yielding new information on the
collapse mechanisms of stars. (*emphasis added)
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Stewardship, Scope

e By agency agreement:
— NSF will steward DUSEL facility
— DOE OHEP will steward LBNE

¢ Includes beam line, near and far detectors

e LBNE CDO approved Jan 8, 2010.

e Scope agencies are targeting is two 100-kton
Water-Cherenkov-Equivalent (WCE) cavern/detector

ensembles, near detector, & 700 kW beamline.

— NSF will contribute to LBNE detector (& cavity).
— Third detector will require an additional partner.
— Overall scope will be responsive to cost.

J. Kotcher, JOG Working Group LBNE Collaboration Mtg, Fermilab, January 28-31, 2010
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Science Collaboration
Physics Topical Groups

* Accelerator neutrino oscillations

* Proton decay

e Supernova bursts

* Relic supernovas

 Atmospheric neutrinos

* Solar neutrinos

* Geo and reactor neutrinos

* Ultra-high energy neutrinos

* Short-baseline/Near detector physics
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LBNE-PWG-001 (Rel. 1.3)

Fall 2010 Report from the LBNE Physics Working Group
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T Topical Group Convener * Physics Working Group Coordinator/Editor
(Dated: September 30, 2010)

This report has been prepared by the LBNE Science Collaboration Physics Working Group at
the request of the collaboration co-spokesmen and the Executive Committee. It is the first of an
anticipated series of internal documents intended to assist the collaboration and the LBNE Project
with establishing the best possible science case.

The primary purpose of this “Fall 2010" document is to assist in discussions of a collaboration
statement on the Far Detector configuration. Nine initial topics were identified as scientific areas
that motivate construction of a long-baseline neutrino experiment with a very large far detector. We
summarize the scientific justification for each topic and the estimated performance for each of a set
of Far Detector reference configurations. We report also on a study of optimized beam parameters
and the physics capability of proposed Near Detector configurations.
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Two Detector Technologies
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Oscillation Sensitivity
Calculations
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How to be significant for PDK
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Proton Decayto K

V

From Physics Working Group Report

Water Cherenkov Liquid Argon
Mode Efficiency |Background Rate (evts/100 kt-y)| Efficiency | Background Rate (evts /100 kt-y)
p— e m| 45% + 19% 0.2(+40%) 45% 0.1
p—vrK™|134% + 22% 0.67(x30%) (SK1) 97'/? 0.1
p—vK™|10.6% + 22% 0.83(+30%) (SK2)

TABLE XIII. Efficiency and background numbers used for sensitivity calculations. The water Cherenkov numbers are based
on published or preliminary Super-Kamiokande studies. The systematic uncertainties are included for reference but play no
role in the sensitivity calculation. The liquid argon numbers come from the paper by Bueno et al. [37].
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Long Baseline

LBNE-doc-3056
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Primary Objectives of LBNE

e Search for, and precision measurements of,
the parameters that govern V, =V,
oscillations. This includes measurement of the
third mixing angle 6, for whose value only an
upper bound is currently known, and if is large
enough, measurement of the CP violating
phase 0 and determination of the mass
ordering
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Primary Objectives con’t

e Precision measurements of 923 and IAm§2 | in
the disappearance channel

* Search for proton decay, yielding a significant
improvement in current limits on the partial
lifetime of the proton in one or more important
candidate modes, e.g. p— e’ or p—K'v

* Detection and measurement of the neutrino flux
from a core collapse supernova within our galaxy,
should one occur during the lifetime of LBNE
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Secondary Objectives™

e Other accelerator-based neutrino oscillation
measurements

 Measurement of neutrino oscillation
phenomena using atmospheric neutrinos

* Measurement of other astrophysical
phenomena using medium energy neutrinos

*May be enabled by the facility that is designed
to achieve the primary objectives
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Additional Secondary
Objectives*

e Detection and measurement of the diffuse
supernova neutrino flux

e Measurements of neutrino oscillation
phenomena and of solar physics using solar
neutrinos

e Measurements of astrophysical and
geophysical neutrinos of low energy
*Achievement of these most likely require future upgrades to

the facility and/or detectors that are designed to meet the
primary objectives
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The LBNE Project Organization

* 1.1 Project Management

* 1.2 Neutrino Beam

* 1.3 Near Detector

1.4 Water Cherenkov Detector
1.5 Liquid Argon Detector

* 1.6 Conventional Facilities
— 1.6.2 at Fermilab (for 1.2 and 1.3)

— 1.6.3 at DUSEL
 Water Cherenkov at 4850’ (1.4)
 Liquid Argon at 800’ ; including access from surface (1.5)
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Project Organization

Fermilab
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Options for the Near Detector
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Far Detector Configuration Conceptual
Design

e 1 or 2 Water Cherenkov @ 4850
e 1or2LAr @ 800’
e 1 WC @4850 + 1 LAr @ 800’

Nov. 5, 2010 Gina Rameika — PAC - LBNE/DUSEL Status
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LBNE, LArTPC, 300L - 800L Plan
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300L to 800L
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Underground Physics Lab Layout
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Project Milestone Schedule through

DUSEL Schedul .
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Relationship between DUSEL and LBNE

NSF is developing a new national [aboratory in Lead, South Dakota: Deep
Underground Science & Engineering Lab (DUSEL)
— NSF construction project (MREFC) is funding facility construction and a suite of
science experiments - NSF is the steward of the facility
 LBNE will build, as part of its project, far detectors for neutrinos, and the
preferred site is at DUSEL.

— LBNE is funded by DOE, with NSF contributing $125M (FY09S) from its MREFC to
LBNE for a (TBD) combination of facility and detector construction

— DOE is the steward for the LBNE experiment, and LBNE is financially responsible
for all work associated with its entire project: beamline, near detector, far
detectors, and conventional faciliites.

 LBNE project team already actively participating in design and planning LBNE
at DUSEL

Nov. 5, 2010
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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) ~Apr 2011

CD-1 (assuming successful CD-1 review) June 2011

CD-2 (Project baseline)
depending on funding . . . mid/late FY2013

CD-3 (start construction)
depending on funding . . . 2014 ~ 2015

Schedule for construction under development
=> estimate that project will be complete >2020
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Long-Baseline Neutrino Experiment
Subproject Conceptual Design, Cost and Schedule Reviews
Charge

The LBNE Project Manager has called a series of reviews, one for each of the Level 2
subprojects (neutrino beam, near detector, water Cherenkov far detector, liquid Argon far
detector, conventional facilities). The ose of these reviews is to examine the status of the
Conceptual Design and the corresponding cost and schedule estimates for each of the subprojects
of the Long-Baseline Neutrino Experiment (LBNE), to identify areas of weakness. and to
recommend actions necessary to bring these elements to the level required for a successful DOE
CD-1 review. It is expected that none of the subprojects will be at a CD-1 ready level as of the
time of these reviews; however, we would like to evaluate them against CD-1 standards, i order
to assess the progress towards that goal. Specifically, the reviewers should address the
following:

- Is the scope of the subproject well defined?

- Are the requirements (scientific, technical, etc.) appropriately defined and documented, with
appropriate flow-down from the most basic high-level requirements to more detailed
requirements?

- Are the assumptions for this subproject documented?

- Are interfaces to and dependencies on other LBNE subprojects and the DUSEL facility defined
and documented?

- Is there a complete conceptual design for all elements of the subproject, that
oachieves the system requirements?

o 1s backed up by sufficient engineering analysis to ensure that it meets the requirements?
o 1s well documented?




LBNE Calendar of Events Towards CD-1

Event
Detailed outline of COR

Detailed outline of Preliminary Project Management Plan (PPMP) and DUSEL-LBNE MOU; draft

organization and definition of roles and responsibilities
LBNE Collaboration Meeting (Deadwood, SD)

Initial draft sub-project Resource Loaded Schedules
Intermediate draft COR

Intermediate draft of PPMP and DUSEL-LBNE MOU
Readiness check for CD-1 (intemal review)

LBNE Collaboration Meeting (Fermilab)

Neutrino Beamline RLS and CDR final draft to PMO
Neutrino Beamline Intemal CDR, Cost and Schedule Review
Water Cherenkov RLS and CDR final draft to PMO
Water Cherenkov CDR, Cost and Schedule Review
Near Detectors RLS and CDR final draft to PMO

Near Detectors Internal CDR, Cost and Schedule Review
*DUSEL Infemal Review

Liquid Argon RLS and CDR final draft to PMO
Conventional Facilities RLS and CDR final draft to PMO
Liquid Argon Internal CDR, Cost and Schedule Review
Conventional Facilities Internal CDR. Cost and Schedule Review
Project Management Retreat

Advanced draft of PMP and DUSEL-LBNE MOU

LBNE Collaboration Meeting (UCLA)

Director’s CD-1 Design Review

Director’'s CD-1 Cost, Schedule and Management Review
*DUSEL PDR Review 1

DOE CD-1 Review

ANAAAMNAANANAANAANANANANA AR

Doooo00E

O

*DUSEL PDR Review 2

Nov. 5, 201 * Indicates a Deep Underground Science and Engineering Laboratory (DUSEL) milestone

Date
10 May 2010
19 May 2010

25-28 May 2010
25 June 2010

25 June 2010

9 July 2010
15-16 July 2010
12-15 Sept. 2010
13 Sept. 2010
20-22 Sept 2010
20 Sept. 2010
27-29 Sept 2010
27 Sept. 2010
4-60ct 2010
*18-20 Oct. 2010
25 Oct. 2010

27 Oct. 2010

1-3 Nov. 2010
3-5 Nov. 2010
15-17 Nov. 2010
Dec. 2010

26-29 Jan. 2011
Early Feb. 2011
Early Feb. 2011
*22-24 Feb. 2011
14-18 March 2011
(tentative)

+22-24 March 2011

33



Plans for Configuration Decisions

Conceptual Design, cost and schedule development for each major
configuration option:

- 2 Water Cherenkov Detectors at 4850 foot depth.

- 2 Liquid Argon Detectors at 800 foot depth.

- 1 of each.

“Value engineering” to bring the cost of each configuration into a
common range, including adjustment of detector mass or of other
parameters affecting the physics capabilities.

Physics studies of the capabilities of each configuration for long-
baseline neutrino oscillations, proton decay, neutrino astrophysics.

Choose configuration with best physics reach.

Project Office and LBNE Collaboration are working closely together
on this process.

Expect the major decisions to be made on the time scale of CD-1.
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Summary

* The LBNE Project and Science Collaboration
and DUSEL are working closely together to
design the facilities and detectors for the LBNE

 Teams are preparing for a CD-1 review in the
spring

* This is a long term project with an aggressive
near term schedule to progress through the

approval process to insure a timely
construction start
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