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= Scientific Motivation

* CP Violation in neutrino sector? f
® Neutrino Mass Hierarchy TR -

* Testing the Three-Flavor Paradigm

e Precision measurements of known
fundamental mixing parameters

e New physics -> non-standard interactions,

sterile neutrinos... (with beam + atmospheric v sources)
e Precision neutrino interactions studies (near detector)
* Other fundamental physics enabled by massive detectors
e Baryon-Number Violation
e Astrophysics: Supernova v burst flux

Further details: “Science Opportunities w/ LBNE,” arXiv:1307.7335.
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Colorado @
Columbia
Dakota Stz
Davis
Drexel
Duke
Duluth
Fermilab
Hawaii
Indian Gr¢
Indiana
lowa State
Irvine

Lawrence
Livermore

[orenmons 372 membBers, 61 institutions, 5 countries (April 2013)
Lontans, Applications from 16 institutions and >50 members (and

Maryland

Michigan one new country) being prepared or submitted
Viii Co-spokespersons Milind Diwan (BNL), Bob Wilson (CSU)

Fermilab, March 201
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~ Baseline Optimization

Detailed calculation with horn based realistic beam optimization at each baseline
and assumption of liquid argon TPC of 35 kt. Assume 120 GeV protons at 7ookW.
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* The LBNE design with a 1300 km, 120 GeV proton beam, on-axis LArTPC
far detector is economical for a comprehensive oscillation program

* Any other choice will necessitate larger detector or higher beam intensity
* Full scientific paper in preparation.
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LBNE 34 kt Spectra
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Jﬁsm kt LArTPC Would be a Major Advance

Mass Hierarchy Sensitivity CP Violation Sensitivity
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*Improved over CDR 2012 120 GeV Ml proton beam Bands: 1c variations of 6,3, 0,5, Am,,? (Fogli et al. arXiv:1205.5254v3)

LBNE10 does much better than full program for existing experiments
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P LBNE + PWTTTM W
Comprehensive Global Science Program
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® Long-range program in tandem with near detector neutrino

interactions and non-accelerator physics
J.Strait NuFact 2013 9
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* LBNE+Project X will ultimately approach CKM level of precision
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-/Atmospherlc Neutrinos
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- LAr Detector Simulation
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,- /Atmospherlc Neutrmos
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e HyperK and LBNE have comparable sensitivity to the MH with
atmospheric neutrinos!
® LBNE’s higher resolution of event energy and direction makes up for

smaller mass.
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-~ Supernova Burst Neutrinos

e When a star's core collapses
~99% of the gravitational binding & 2
energy of the proto-neutron star
goes into V’s

SN at galactic core = 1000’s
interactions in 20 kt LArTPC in
tens of seconds (v, detection
complementary to WCD)

SN 1987A observation of
~20 events — ~800 publications!

NuFact 2013
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10 kpc spectra from A. Friedland/JJ Cherry/H.
Duan smeared w/ SNOWGLOBES response, fit to
pinched thermal spectrum

Based on Keil, Raffelt, Janka spectra, astro-
ph/0208035, w/ collective oscillations (NH & IH)
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~ LBNE Design Status

LBNE has a well-developed design for the complete project:

e Neutrino beam at Fermilab for 700 kW operation,
upgradeable to 2.3 MW

e Highly-capable near neutrino detector on the Fermilab
Site
e 34 kt fiducial mass LAr far detector at
- A baseline of 1300 km
- A depth of 4300 m.w.e. at the Sanford Underground
Research Facility (SURF) in the former Homestake
Mine in Lead, South Dakota

].Strait NuFact 2013 14



LBNE Neutrino Beam at Fermilab
700 kW operation, upgradeable to 2.3 MW
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Figure 4-19: Schematic drawing of the FGT in the Near Detector Hall with the magnet opened

up to show the STT, ECAL. and MulD

Highly-Capable Near Detector System on the Fermilab Site

Liquid Argon TPC in the Hall

Magnet design based on the
/ UA1 magnet

Argon cryostat encased in 16°
of foam and sits on foam
supports

- Secondary argon containment

].Strait
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Figure 1-4: A model of the three muon monitor systems placed downstream of the absorber, in

the muon alcove.
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‘34 kt LAr Far Detector @ 4300 mwe Depth, 1300 km baseline

Purification Location — Another View
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ﬁo/ra Underground Research Facility (Homestake)
Facilities

South Dalarta Science and Technology Authority Leaid, South Didiota
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Civil Engineering for Beam, Near Det
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nd .... we also have a design for
a 200 kt (fiducial) Water Cherenkov Detector

, Space for several 200 kt modules

Conventional Facilities Overview — 4850ft level

Lit?(gy and Structure

Axisymmetric Analysis WCD Cavern

Ground Support for 4850L 200kT WCD
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was Independently

Reviewed and Found to be Sound

Jt
.2

Issued Apnl 23, 2012

Fermilab

Final Rep

Director's Independy
Design and CD-1 Reg

of the LBNE |

March 26-30,

Dhrevton's Indepenlon Coscrptosd Desyn sl (-1 Ry
March 330, 2012

Issued April 23. 2012

Executive Summary

This Director’s review was designed to elicit the assembled committee’s opinion on two
primary questions. The first focus of the review was to perform an independent
Conceptual Design review of the LBNE project to verify that the design is technically
adequate, and should achieve the Project’s scientific goals. The second focus was to
perform a CD-1 Readiness review., with a focus on the project’s cost. schedule,
management. and ES&H.

he committee finds that the Conceptual Desi the roject is 1d._and
should achieve the Project’s scientific goals. Our determination is that the level of
technical detail across the entire breadth of the LBNE project is sufficient to address the
question of overall capability to achieve the scientific goals. as appropriate for this stage
of the project. There are a number of components of the project that have advanced well
beyond the conceptual stage.

The committee is confident that the LBNE project can be ready for a CD-1 review on the
time scale given to the committee. the summer of 2012, if issues related to the funding

profile and the resulting schedule are resolved. The management systems and
documentation for the project are appropriate for a CD-1 review. -




"~ However...

Last year US funding agency (DOE) asked us to stage LBNE construction
and gave us a budget of S867M for the first phase

e They also encouraged us to develop new partnerships to maximize the
scope of the first stage.

We chose to proceed with emphasis on the most important aspects of
the experiment: 1300 km baseline and the full capability beam

e With just the DOE budget, the far detector would be 10 kt LAr TPC at the
surface.

An external review panel recommended this phase 1 configuration.
DOE approved “CD-1" in December 2012 for this phase-1 scope.

Our plan continues to be to build the full scope originally planned, and
are working with domestic and international partners to make the first
phase as close as possible to the original goal.

].Strait NuFact 2013 22



Crirical Decision 1 Critical Decision 1, Approve Alternstive Selection and Cost Range

Approve Alternative Selection and Cost Range for the LENE Project
of the
Long Baseline Neutrino Experiment (LBNE) Project
(Line Item Project 11-5C-40) Approval
Fermi National _-\;c::l::':{ur Laboratory and Based on the information presente din this document and at the ESAAB review, | approve
Sanford Underground Research Facilitv Critical Decision |, Approve Alternative Selection snd Cost Range for the Long Baselme
Office of High Energy Physics Neutrino (LBNE) Project
Office of Science
Purpose )
G\@) $ e 12)1%/
The purpose of this paper is to document the review and approval by the DOE Office of Science - i — i
Energy Systems Acquisition Advisory Board-equivalent for Critical Decision 1 (CD-1) William Brinkman, Acquisition Executive Date
‘e Alternative Seltcﬂonm:lCostngt for the L ong Baseline Neummino Expeniment Director, Office of Science

(LBNE) Project at the Fermu National Accelerator I.abomor) (Fermulab) and Homestake Mine

Tailoring of the scope definition prior to CD-2 to enhance scientific capabilities may also be
considered. The physics opportunities offered by the beam from Fermulab and the long baseline
may attract the support of other agencies both domestic and international. Contributions from
such other agencies offer alternative funding scenarios that could enhance the science
capabilities of the Project. If additional domestic or international funding commitments are
secured sufficiently prior to CD-2, the DOE LBNE Project baseline scope could be refined
before CD-2 to include scope opportunities such as a Near Neutrino Detector complex at
Fermilab or an underground location at SURF for the far detector.

the neutmno mass states, wowd not be obiamed, cOmpromusing the abiity to Wnderstand the
matter-antimatter asymmetry and resulting dominance of matter in the wuverse.

To meet the sciennfic and techmical objectives for the LBNE expenment, the following draft key
performance parameters have been developed.

http://Ibne2-docdb.fnal.gov/cgi-bin/RetrieveFile?docid=6681;filename=LBNE%20CD-1%20appr.pdf
I
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Planning for Undergrouno-lwlidvc&atﬁi_cf)'n

* We have launched geotechnical investigation of the LBNE detector

site at the 4850 level, which is on critical path.
Conceptual 4850 LBNE Exploration Program

I

-/

1 1

Tunnel Scan and Mapping

!!!!!!
-----

Exploration Summary _/‘_,’;

70KT Excavation 34KT Excavation \
Bore Length (ft) Bore Length ()
B-1 950 B-1 475

B-2 (angled) 750 B-2 500 = Previous Mapping ~ LFA 2009
B-3 950 s Proposed Mapping
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~ Goal for LBNE Phase 1

* Together with additional partners, build:
- Neutrino beam for 700 kW, upgradeable to 2.3 MW
- Highly-capable near neutrino detector

- >10 kt fiducial mass LAr far detector at
A baseline of 1300 km
A depth of 4300 m.w.e.

® The world-wide community can build upon the
substantial investment planned by the US to make LBNE a
world facility for neutrino physics, astrophysics, and
searches for non-conservation of baryon number.

Together we can do more than we can do separately.

].Strait NuFact 2013 25



* We are in discussion with a number of potential non-US
partners, both physics groups and funding agencies, in:
- Brazil - India
- ltaly - UK

* LBNE and LAGUNA-LBNO have established a working group
to explore joining forces

* |talian ICARUS groups in the process of joining LBNE
* We have initiated preliminary discussions with:

- CERN - Dubna
* We are hoping to engage others potential partners:
- Japan - China

- Additional countries in the Americas, Asia and Europe

* Also exploring how to engage domestic US funding agencies
beyond the DOE

].Strait NuFact 2013 26
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European Strategy and CE

RN

European Strategy for Particle Physics:

Rapid progress in neutrino oscillation physics, with significant European
involvement, has established a strong scientific case for a long-baseline
neutrino programme exploring CP violation and the mass hierarchy in the
neutrino sector.

CERN should develop a neutrino programme to pave the way for a
substantial European role in future long-baseline experiments. Europe
should explore the possibility of major participation in leading long-baseline
neutrino projects in the US and Japan.

* Formally adopted at the special European Strategy Session of the Council in
Brussels on 30 May 2013.

* The role of CERN will be key. The next step is for CERN to establish a
platform from which European groups can participate in long-baseline
physics. ... hopefully in the US!
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® CP violation parameter, mass hierarchy, non-standard
interactions likely inaccessible to current generation experiments

* Need longer baseline and very large instrumented targets for a
comprehensive program

* Large detectors also probe physics not accessible any other way
e Proton decay (Grand Unified Theories)
e Supernova burst neutrinos from intra-galactic distances

® LBNE has received approval to begin this program
e |t will be a major US HEP facility for the 2020’s

e With a budget of $867M we are proceeding with the most
important aspects in the first phase and actively working with
partners to expand the scope

* LBNE will develop into a world center for neutrino physics to

complement those for hadron/lepton colliders N
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<> Optimum is achieved when the asymmetry due to the matter effect is larger
than the largest CP effect, but does not saturate the total asymmetry.
<> At the first maximum at the optimum baseline there is no degeneracy.
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- Just 10 kt LArTPC Would be a Major Advance

CP Violation Sensitivity 6cp Resolution
Significance for 620

TrueNormal  ToK.NOvA+LBNE10 |

[Hierarchy not  T2K.NOVA
known T2K A

ssumes known (Normal) Mass Hierarchy |

()}

M
Q
Q
B
4 g 60
- =
2 3 c 20
- S 40
5, E
5 30
o 20
1 o
b 10 - T2K+NOvA+LBNE10-
0 - 0 I I L
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
Ocp/T Ocp/T
T2K 750 kW x 5 yr (7.8x10°'pot) v NOvVA 700 kW x 3 yr v + 3 yr v) (3.8 x10*'pot)
LBNE10 (80 GeV*) 700 kW x (5 yr v + 5 yr v) Bands: 1 variations of 05, 05, Amy,*
*Improved over CDR 2012 120 GeV Ml proton beam (Fogli et al. arXiv:1205.5254v3)

J.Strait NuFact 2013 33



,..7/EENE+ bfoject X (1.1-2.
Comprehensive Global Science Program

Project X Staging
1:1 viv, 1%/5% Signal/BG systematics
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_::"/0:_ ° ° °
~ DOE Critical Decisions

* CD-0 (“Mission Need”) approves the need for the Jan 2010
project.

* CD-1 (“Alternative Selection and Cost Range”) approves Dec 2012
overall design, cost and schedule. (for phase 1)

® CD-2 (“Performance Baseline”) approves the precise Early 2017
technical design, cost and schedule.

* CD-3A (“Approve Long-Lead Item Procurements”) Early 2016
approves early start of selected parts of the project.

® CD-3 (“Start of Construction”) approves the start of Late 2017
construction.

* CD-4 (“Project Completion”) approves transition to 2023
operations.
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/
~ Flexibility in DOE PrOJect I\/Ianagement System

®* The DOE Project Management System (“CD process”) has
more flexibility than is generally understood or used.

* DOE management has encouraged us to
- first make a plan with international partners that makes
sense for LBNE, and
- then to work with them to make the DOE system work
to support the plan.

* Examples of potential flexibility include the ability to:
- Change detailed scope between CD-1 and CD-2
- Delay CD-2 until ready
- Stagger CD-2/3/4 for different parts of the project,
e.g. beam vs. far detector
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Protons per cycle

Cycle time (120 GeV)
Pulse duration

Proton beam energy
Beam power at 120 GeV
Efficiency (beam to LBNE)
Protons at target per year
Beam size at focus

Beam divergence x,y

J.Strait NuFact 2013

49x10"

1.33 sec

1.0 x 10-° sec
60 to 120 GeV
708 kKW

63%

7.3 x 1020
0.15cm

0.017 mrad
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Using NuMI focusing = tunable beam energies

e LBNE Beam Tunes

§4 % —— Low Energy Tune

; E = Medium Energy Tune

g = = High Energy Tune

§ HNF
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o B/ ALY

. —lﬁ-r-—hr-w-h
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E, (GeV)

The LBNE v beam improvements under consideration:
Impact on v, — v, appearance rates at the far site:

Changes 0.5-2GeV 2-5GeV

Decay pipe air — He 1.07 1.11

DP length 200m— 250m 1.04 1.12 Costs for the options
Horn current 200kA — 230kA 1.00 1.12

Ep 120 — 80GeV.700kW 1.14 1.05 have been developed
Tgt NuMIl — Be 1.00 1.03

DP diameter =4m — 6m 1.06 1.02

Total 1.3 1.5






