- ——
e e
; -

. Long Baseline Neutrino “Ex-p-e?fn’?eﬁf |

o

"'h..___“__

(}nt A Mo

g 2 g New,,Neqtrlna/Beamai Fe7m+

I ~d By o .l’ P =
B A W - PremsmngNear Detector:, fﬁ
1 ) ¥ = akota IL gan
B S O the FermLIalg Sty s K"‘“ 1 o

v 7 -~ 7 ’5 ______ N §

ulrected towards a dlstant detector
200 kton WaterGherenkoy etector’™

33 kton Ligéiid ArgonjTPE F ar Deteétor

And’aﬂThe Conventional Facmtles requweq
‘to suppqrt the beam and deteatigrs

——— . -

'. e """-" e o
/ 7, ¥ y / : e
A" F 4
| o

{ Kans.asf

“
*a VY

Pointer 43°03'56.44" N 95°10'42.53" WStreamung |[|11111111100% Eye alt IIDB 62 km



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



Long-Baseline Neutrino Experiment Collaboration

Alabama: J.Goon, | Stancu

Argonne: M.D’ Agostino, G.Drake.Z.Djurcic, M.Goodman, V.Guarino, S.Magill,
J.Paley, R.Talaga, M.Wetstein

Boston: E.Hazen, E.Kearns, S.Linden, J.Stone
Brookhaven: M.Bishai, R.Brown, H.Chen, M.Diwan, J.Dolph, G.Geronimo, R.Gill,

R.Hackenberg, R.Hahn, S.Hans, D.Jaffe, S.Junnarkar, J.S.Kettell, F.Lanni, Y.Li,
L.Littenberg, J.Ling, D.Makowiecki, W.Marciano, W.Morse, Z.Parsa, C.Pearson,

V.Radeka, S.Rescia, T.Russo, N.Samios,R.Sharma, N.Simos, J.Sondericker,
J.Stewart, H.Tanaka, H.Themann, C.Thorn, B.Viren, Z.Wang, S.White,
E.Worcester, M.Yeh, B.Yu, C.Zhang

Caltech: R.McKeown, X.Qian

Cambridge: A.Blake, M.Thomson

Catania/INFN: V.Bellini, G.Garilli, R.Potenza, M.Trovato

Chicago: E.Blucher, M.Strait

Colorado: S.Coleman, R.Johnson, S.Johnson, A.Marino, E.Zimmerman

Colorado State: M.Bass, B.E.Berger, J.Brack, N.Buchanan, D.Cherdack, J.Harton,
W.Johnston, F.Khanam, W.Toki, T.Wachala, D.Warner, R.J.Wilson

Columbia: R.Carr, L.Camillieri, C.Y.Chi, G.Karagiorgi, C.Mariani, M.Shaevitz,
W.Sippach, W.Willis

Crookston: D.Demuth
Dakota State: B.Szcerbinska

Davis: M.Bergevin, R.Breedon, D.Danielson, J.Felde, P.Gupta, M.Tripanthi,
R.Svoboda

Drexel: C.Lane, J.Maricic, R.Milincic, S.Perasso
Duke: T.Akiri, J.Fowler, A.Himmel, K.Scholberg, C.Walter, R.Wendell
Duluth: R.Gran, A.Habig

Fermilab: D.Allspach, M.Andrews, B.Baller, E.Berman, D.Boehnlein, M.Campbell,
A.Chen, S.Childress, B.DeMaat, A.Drozhdin, T.Dykhuis, C.Escobar, A.Hahn,
S.Hays, A.Heavey, J.Howell, P.Huhr, J.Hylen, C.James, M.Johnson,
J.Johnstone, H.Jostlein, T.Junk, B.Kayser, G.Koizumi, T.Lackowski, P.Lucas,
B.Lundberg, T.Lundin, P.Mantsch, E.McCluskey, S.Moed Sher, N.Mokhov,
C.Moore, J.Morfin, B.Norris, V.Papadimitriou, R.Plunkett, C.Polly, S.Pordes,
O.Prokofiev, J.L.Raaf, G.Rameika, B.Rebel, D.Reitzner, K.Riesselmann,
R.Rucinski, R.Schmidt, D.Schmitz, P.Shanahan, M.Stancari, J.Strait,
S.Striganov, K.Vaziri, G.Velev, T.Wyman, G.Zeller, R.Zwaska

Hawai'i: S.Dye, J.Kumar, J.Learned, S.Matsuno, S.Pakvasa, M.Rosen, G.Varner
Houston: L.Whitehead

Indian Universities: V.Singh (BHU); B.Choudhary, S.Mandal (DU); B.Bhuyan
[IT(G)]; V.Bhatnagar, A.Kumar, S.Sahijpal(PU)

Indiana: W.Fox, C.Johnson, M.Messier, S.Mufson, J.Musser, R.Tayloe, J.Urheim
lowa State: I.Anghel, G.S.Davies, M.Sanchez, T.Xin

IPMU/Tokyo: M.Vagins

Irvine: G.Carminati, W.Kropp, M.Smy, H.Sobel

Kansas State: T.Bolton, G.Horton-Smith

LBL: B.Fujikawa, V.M.Gehman, R.Kadel, D.Taylor
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LBNE Project Organization

DOE Office of HEP
1. Siegrist, AssocDir

E. Rosenberg, LBNE Pgm Mgr

l

DOE LBNE Federal
Project Director
P. Carolan

FNAL
P. Oddone, Director
¥.K.Kim, Deputy Director

LBMNE Project
Management Office
J.Strait, Project Mgr

E.McCluskey, ProjectEng
(open), Project Sci

|

1.1 Project
Management
J. Strait
(FNAL)

1.2 Neutrino
Beam
V. Papadimitriou
(FNAL)

1.3 Near
Detector
C. Mauger
(LANL)

1.4 Far Detector:
Water Cherenkov

). Stewart B. Baller

(BNL)

(FNAL)

1.5 Far Detetctor:
Liquid Argon TPC

1.6 Conventional
Facilities
T.Lundin

(FNAL)

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.

DuRA Meeting - 19 Jan 2012 4



Long Baseline LBNE-doec-3056

i 3 > R L Version 1.0
Neutrino Experiment Controlled Document e SR
Project R

Page 5 of 6

II. Physics Research Goals of LBNE

Following from the P5 recommendations, the DOE Mission Need Statement, discussions
with the funding agencies (DOE Office of High Energy Physics and NSF Physics
Division), Fermilab management, and the LBNE Science Collaboration, it is been
determined that the priorities for the scientific research to be enabled by the LBNE
Project are the following:

1. The primary objectives of the LBNE Project are the following experiments: T A

in priority order.

be

1.1 Search for, and precision measurements of, the parameters that govern v, — v,
oscillations. This include measurement of the third mixing angle 0,3, for whose
value only an upper bound is currently known, and if 0, is large enough,
mcasuremcnt of the CP violating phase 0 and determining of the mass ordering (sign
of Am3»).

. # . ® ®
1.2 Precision measurements of 0,3 and /Am~5;| in the v,, disappearance channel.

1.3 Search for proton decay, yielding a significant improvement in current limits on the
partial lifetime of the proton (t/BR) in one or more important candidate decay
modes,e.g.p—o>enorp—2>Kv.

1.4) Detection and measurement of the neutrino flux from a core collapse supemova
within our galaxy, should one occur during the lifetime of LBNE.




2. Secondary objectives, which may be enabled by the facility that 1s designed to
achieve the primary objectives include:

2.1 Other accelerator-based neutrino oscillation measurements.
2.2) Measurements of neutrino oscillation phenomena using atmospheric neutrinos.

2.3) Measurement of other astrophvsical phenomena using medium energy neutrinos.

3. Additional secondary objectives, the achievement of which may require future
upgrades to the facility that 1s designed to achieve the primary objectives, include:

3.1) Detection and measurement of the diffuse supernova neutrino flux.

3.2) Measurements of neutrino oscillation phenomena and of solar physics using solar
neutrinos.

3.3) Measurements of astrophysical and geophysical neutrinos of low energy.

This document is uncontrolled when printed. The current version is maintained on the LBNE docdb.
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4. Purposes of the Near Detector

4.1) The primary objective of the near detector 1s to make measurements necessary to
achieve the primary physics research objectives listed above.

4.2) Secondary objectives of the near detector are studies of neutrino interactions,
which may be enabled by the facility that is designed to achieve the primary objectives or
by future upgrades to the facility and detectors. These mnclude:

4.2.1) Studies of the Weak Interaction.

4.2.2) Studies of nuclear and nucleon structure.

4.2.3) Searches for New Physics.

5. These priorities will be considered in planning the configuration of the facilities
constructed by the Project.

5.1) Configurations will be chosen which maximize the effectiveness of the facility to
achieve the primary objectives.

5.2) The abulity to aclhieve the secondary objectives will be considered in cases in
which a modest investment will enable or enhance one or more of them. thereby
broadening the LBNE physics program. without significantly compromising the
ability to achieve the primary objectives.

5.3) The additional objectives are expected to require substantial investment. beyond
that required to achieve the primary objectives. to be able to be achieved. These
will be considered 1f a modest mmtial investment, that does not sigmficantly
compromise the ability to achieve the primary objectives. can leave open the
option of future upgrade(s) that would enable one or more of them.




Performance of LBNE:
Long-Baseline v, — v, Oscillations
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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

Lifetime Sensitivity (90% CL)
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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 10



Neutrino Beamline

Main Beamline Parameters

- Horn-focused neutrino beam, optimized to cover the first
and second oscillation maxima
=>0.5<E, <5GeV.

- Driven by Main Injector: 60 < E,__, < 120 GeV.

- Design for initial operation with E,_,,, = 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 11



Neutrino Beam Alternate Designs:
MI-60 Extraction, Deep Beam

DuRA Meeting - 19 Jan 2012



Neutrino Beam Alternate Designs:
MI-10 Extraction, Shallow Beam

DuRA Meeting - 19 Jan 2012 13



MI-60 Extraction, Deep Beam

T8 =
(o] -4 ﬁ
[=i[®] m|<Z
Z S
29 518
S klo
=z
3\ P
Z/W w|a
LBNE 20 LBNE 30 LBNE 40
TARGET HALL ABSORBER HALL NEAR DETECTOR
LBNE 5 COMPLEX SURFACE BUILDING SURFACE BUILDING
[l BN = _—
SOIL 0 _::“"""""'*'?:..\ ul

TARGET —_— R
ELEV. 578 =
296,177
20025, "7 s
E 50 E%
m N
270,77
Existing extraction point for NuMI a0 ?Pgﬁ
Overall design very similar to NuMI facility. . S -
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MI-10 Extraction, Shallow Beam

MI-10 POINT OF
EXTRACTION

MAX. HILL HEIGHT = 70"

APEX OF HILL

Many differences from NuMI design ... issues include:

stability (deep foundations), muon-shine (shielding),
tritium isolation from groundwater (geomembranes)

LBNE 20
TARGET HALL
COMPLEX

LENE 40
NEAR DETECTOR
SURFACE BUILDING
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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 16



Near Detector Alternate Designs:
Fine Grained Tracker

Magnet Coils Electronics Racks

— | | Muon
Bea | Detectors
4m
Straw-Tubes EM Straw-Tube
with H,0 Targets Calorimeter Tracker

(~1.2 tons)
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Near Detector Alternate Designs:
Liquid Argon TPC

nuBooNE-type « 40m -

LAr TPC

Magnet Coils
£
>
Beam Muon
Detectors

LAr Secondary
Containment
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Muon Beam Monitoring System

Hadron Absorbe

.
o

Variable Pressure
Gas Cherenkov
Detectors

(w Beam Energy)

Stopped Muon
Detectors

~—  (Low-Energy pu
related to few GeV
neutrino flux)

lonization
Chambers
(w Beam Profile)
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Water Cherenkov Far Detector

Main Tunnel {Half Shown)

; b Magnetic Compensation Coils
M (most omitted for visibility)

One Ring of Wall PMTs

Water Recirculation
Manifolds

Vessel Wall

Floor PIU Support Structure

Floor PIUs

- Large Cavern at 4850
ft.depth

- Water Vessel
- Ultra-pure water system

- PMT + light collectors to give
photon detection efficiency
equivalent to SuperK I

« 200 kt fiducial mass
(9 x SuperK)

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

DuRA Meeting - 19 Jan 2012 20



WCD Cavern at 4850 Level
(LBNE-Only Configuration)

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.”

DuRA Meeting - 19 Jan 2012 21



LAr TPC Detector

- 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 m3 (w xh x|)
- Total fiducial mass = 33 kt.

- TPC design:
0 3.7 m drift length
0 5 mm wire spacing
o three stereo views

- Photon detection system
integrated into TPC
anode plane assemblies.

DuRA Meeting - 19 Jan 2012 22



LAr Cavern at 4850 foot Level

EXISTING 3650

YATES SHAFT~"

- EXISTING 3650

17
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Alternate LAr Cavern Locations
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Preparation for DOE CD-1

CUCURC LY

NN JN N

&

Event Location Date

2010 Milestones

Near Site Risk Analysis Workshop Fermilab 19-20 October 2011

Mear Site Internal Conceptual Design Review Fermilab 1-3 November 2011

Science Capabilities Review Fermilab 3-5 November 2011

WCD, LAr, Beamline, Near Detector, Project Risk Mitigation Fermilab 16-17 November 2011

Workshop

Conventional Facilities Risk Mitigation Workshop Fermilab 21 November 2011

Intensity Frontier Workshop Rockville, MD 30 Nov-02 Dec. 2011

Far Site Internal Conceptual Design, Cost, Schedule and Risk Fermilab 6-9 December 2011

Review

Executive Committee Retreat Lake Geneva, WI 12-14 December 2011
N liaboration meetin Argonne National 15-17 December 2011

Laboratory

Configuration selection December 2011

Near Site Internal Cost, Schedule and Risk Review Fermilab 24-25 January 2012

Director's CD-1 Design, Cost, Schedule and Management Review Fermilab 26-30 March 2012

DOE CD-1 Review
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Far Detector Technology Decision Process

- 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: 4%Ar vs.10 + 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.

DuRA Meeting - 19 Jan 2012 26



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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Far Detector Technology Decision
General Principles

Far Detector Technology Decision General Principles: L BNE-doc-4099

Purpose

We need to select a specific far detector configuration in a manner that is open, objective and
timely. The decision should be based on facts concerning the scientific capabilities, risks, and cost
and schedule to implement each of the two candidate detector types. An objective process is
needed to establish those facts, so that, to the greatest extent possible, all of the stakeholders agree
that the information used for the decision is valid. Although the final decision is formally made by
the Project Manager (as the contracted agent for the DOE through FNAL), the goal is to reach a
decision by consensus among all of the stakeholders.

wi £t L %, 17 A ELEnneT T e f e oA - [5] 1

Assumptions

1) The far detector will be sited in the Homestake facility in Lead, SD.

2) The decision will be between all-WCD and all-LAr. A staged implementation of both technologies
is not considered to be an option within the LBNE Project as currently defined.

3) The decision process involves the LBNE Project, the LBNE Collaboration, Fermilab and the other
participating National Laboratories, and the Department of Energy.

4) The decision will be based on maximizing the scientific capabilities of LBNE within a fixed (vet to
be specified) cost, which is estimated to be not too far over $1B.

5) The beam and near detector configurations do not affect the choice of far detector type.

If external events invalidate one or more of these assumptions, the procedure will be adjusted to

the new boundary conditions.
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Procedures for Far Detector Decision

LENE-doc-4059

Procedures for LBNE Far Detector Confipuration Decizon
28 July 2011
Milmd Drwan®, Jmn Straut”, Bob Svoboda*
*LENE Scimmce Cellsheramen Co-Speieny
"LENE Progact Maaager

Approved by the LENE Evecwnive Comminee, 18 July 2011

DOhgective

The cbjective is to make 3 selection of the far detector confipuration i an clpectve md
timely marmer. The decision wall be based on facts concermng the M?u gk,
ansd cost and schedule for each of the two candidate detector fipes Ammhl‘n‘ﬂuﬂd
to establish those facts, 5o that, to the greatest extent posstble, all of the stakeholders

the information nsed for the decinon 5 vald mmabamdmorhﬁ?we

Collaboration and the LENE Progect the final decasion i formally made by the Project
Manager (a3 the contracted agent for the MF'MT.} hpﬂlubmhdaﬂmb}
conseniui among all of the stakeholders. This document outhnes the specific steps that wall lead
10 the decimon

A description of the stakeholders and the asnmptions under which this mmpq:md
are gven in DocDB =309 “Far Detector Technology Decizion General Principles™ This
document defines the procedumes that wall be used to implement those prmciples

Sntona.

1) The two candidate far detector types will be evaluated against their capablities 10 achieve the
scientific ves documented m ey - Physacs Research Goals of the LENE
Progect.” LENE-doc-3058. The greatest wetzht will be miven 1o the prumary objectives, which
are understood to be listed m prionty order.

The sciennfic cases will be developed by the LENE Collsbortion

1) Cost estimates will be developed for each of the two detector tipes, both the
desectors and conventional Scilines, hased on conceprual designs whach are capable of

achoeving the prumary tmﬁcohemu The costs incinde desigm, development.
Pprotoypang. conmstruction, and comms ﬂnﬂlurmhmumm
uncertamties and techmcal ndks. Costs for confiprations that have

apabilities for the primary scientific objectives. The cost estimates wall be wsed 1o
mmthx&dthﬁpﬂmﬂmmWﬂm
under the constraint of a commen cost. This common cost will be set based on o best
ar the tizne of the allowed total project cost for LBNE

ilmmﬂeuﬂhﬁ:;lmmmlylfﬂnru;ﬁpﬁmmmﬂh

one defecior werme the other, and the scientific and oost
e e
The conceptual designs and cost and schechale exzmates wall be developed by the LENE

Progect.

Procen &« LENE Far Detecsor Confipurancn Decitsos - Appeoved doc

LBNE-doc-4099
Procedyze
1) Case snadbes the saentific capabilines of each far detector hype wall be
developed by the L BNE e Collsboration and will be reviewed by an extemal

commmties. The conmesties will not be acked to recommend the chooe, rather 1t
wiill be asked to evaluate the phiviics case presented for each detector

2} The conceptual desigms of the toro detectors wll be developed by the LENE Project and wll
be reviewed by exterml, mdependent commmutiess, to ensure that the designs are techrcally
sound from an engineenng standpomt and are capable of making the mesawements that
support the plorsics cases reviewed above. Techmical risks sssocisted with each detector will
be mcluded m these reviews.

3) The cost and schedule sstimates for the two detectors wall be developed by the LBNE Progect
and will be reviewed by external, independent commmittess, 1o ensure that they are complete
md o0 a sound bags. The of contingency 1o cover both cost uncertainties and
mﬂm:ﬂkmw

4} The LBNE Collaborstion Executrve Comemittes (EC), potentially augmented
advitors (o2 wﬂnﬂ&wmﬁdmuw—nﬁa&%}
develop ¥ the far desector choice. One or more mestings of the
EC wall be required to develop the recommendations
The addinonal advizors, if any, wall be nomsnated by the Co- .fui.hwm;
consaltahion with the Project Munager, Fermabib Management, and
appointment will be subject to approval by the EC M-dumuﬂnmmﬁmmu
needed and take part m discusnons but wall not vote on the final recommendation
An ad hoc subcomemtiee of LENE collaborators, proposed by the Co-Spokespoople and

oved by at least two-thirds or more vote of the EC, will draft written recommendations
ErrllmMcmnr&EC.whduﬂm&wm»hEthwﬂ

5) The Propect Manager will make the formal decision. based on the advice received from the
LBNE Collsboration EC, and subpect to the concurrence of the Fermalab Director, the LENE
Laboratory Orernight Group, and the DOE Office of High Energy Phyvsics

1} The Independent Review of Scientific Capabiities wall be constitated and charped by the
Spokespersons with advice from the EC

1) The Independent Beviews of the CDE's wall be charged and constinated by the Progect

3) The Independent Peviews of Cost and Schedule wall be charped and constituted by the Project

4

Target date for the completion of the decision process i by the end of CY'11. Thos tarpet date
will be revisited as coommstances dictate

Procens &« LENE Fas Detecsor Coofparancn Decition - Approved doc
¥
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Procedures for Far Detector Decision

Develop Science Cases for
WCD and LAr
Case Study Reports

Collaboration

S

Develop Conceptual
Designs for WCD and LAr
Conceptual Design
Reports
Project

- mm e D

Develop Cost & Schedule
Ests. for WCD and LAr
Resource Loaded
Schedules and BOEs
Project

h

Independent Review of
Scientific Capabilities

Independent Review of
WCD Conceptual Design

%

Independent Review of LAr
Conceptual Design

Independent Review of
WCD Cost and Schedule

Independent Review of LAr
Cost and Schedule
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Procedures for Far Detector Decision

Development of
Recommendations

Draft Written
Recommendations

Final Approval of
Recommendations

Formal Decision

Executive Committee with Subcommittee of Executive Executive Committee Project Manager
Advisors Committee
h
Concurrence
Fermilab Director,
Lab. Oversight Group,
. . DOE/OHEP
We are now in this box
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Science Capabilities Review

Report of the LBNE Scientific Capability Review Committee
Dec. 14%, 2011

1 Introduction

This document reports the views of the LENE Scientific Capability Review Committee after its
consideration of the goals, potential capabilities, and risks of the two proposed technologies for
the far detector for the LBME experiment. The committee was convened by the collaboration to
give advice on a realistic estimate of relative scientific capability of each technology, and where
we felt the key risks lay. The committee consisted of:

Prof. Paul Grannis, SUNY Stony Brook

Dr. Dan Green, Fermi National Accelerator Laboratory

Prof. Koichiro Nishikawa, Institute of Particle and Nuclear Studies, KEK

Prof. Hamish Robertson, University of Washington

Prof. Bernard Sadoulet, University of California Berkeley

Prof. Dave Wark (Chair), Rutherford Appleton Laboratory/Imperial College London

considerations of technical, cost and schedule risks, but only where those are directly tied to
the scientific capabilities. While we were only charged with considering the goals of LBNE itself,
the scale of the facilities for this effort and its critical impact on the future Fermilab programme
make it impossible to ignore the importance to the future US and world HEP programme. The
Committee came to the unanimous opinion which is given below.
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Science Capabilities Review

-

5 Conclusions and Recommendations.

The materlal presented in the predow sedtions B Intended to be mostly Tactual. in this section we

offer, as requested, our best sclentific judgement of the relative merits of the two technologies

= The proponents of both technologies have produced an impressive body aof technical
development and wide-ranging and sophhticated simulation and analyls work to support

their proposed detecions

s [n light of the presented moteriols the commities unanknoiady ogrees thot both technologles \
represent signifiomat scientilfic opporfunities, thot either detector cowkd be bl of an
ocoepioble level of nisk, and thot corrent knowledge lpponts the view thot either iy beoely fe
deliver i expected performance, and that aither detecior would make workd-leading

meaihements Felevant Lo all of the major solence goals,

\

e Inlight of the presented materials the committee unanimously agrees that both technologies
represent significant scientific opportunities, that either detector could be built at an

acceptable level of risk, and that current knowledge supports the view that either is likely to

deliver its expected performance, and that either detector would make world-leading
measurements relevant to all of the major science goals.

sample from the lrge contamination of redring events [of, 1o a lesser extent, to do the
comverse). This requires & magnetited near detecton, snd it would be impantant 1o be able
to make these measurements with the same target material in the near and far detectors
Theredore the potential fo bulld a magnetized LAr detector at the near site seems a

significant advantage for the LAr option

*  GFaen exksting Bmits from Super Kamiokande, the best opportunity for a significant discovery
in proton decay is in the p -> Kv channel, and in this channel the LAr detector has the clear
advantage. The committes notes that the impact of continued 5K dota taking. and the

desire lor complementarity in p decay linal states reinfloroes this conchiaion,

®  The greater size of the WC detector ghees it & chear sdhvantage for some of the other phyics,
Im particular, lor the SN burst measurement, although the LAr could see a striking signature
of the hierarchy and give important infonmation on collecthve phenomena |n the neutring
wplsere. I Super Kamickande continues (o ru, the complemsentany information provided by

a LAr detectorn in the event of a galactic SN would be vahsable.

=  The LBNE esperiment willl be the leading experiment at the intensity Frontler. As such, very
peod “bury in” froem the US high energy commundty i essential. Although it obvioudly did not
conduct & survey of the fleld, the committee felt that the LAr, as o new technology on this

il
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Science Capabilities Review

scale, could create more opportunities to excite and thas recrst new young pheysiciats in the
project
® The commites noled the vakie of enhanced Infrastrisctioe af the 4850 bevel at Homestake
1o & varkety of other high-priarity physics topics such as the search for Dark Matter and for \
/ neutinokes doubie-bata decay, The comemities el ihat thin sdded value o the awerall US
progiamme thould not be discoumed In the decision 1o pit either detecton &1 8 deep site
® The committes naremously agress that, that on the question of wleriilic capabiliied, that

the prospect fof the LAr detector 1o refine ow understanding of neutrino cacillations, and to
B serriiive (o uneaprectedd new phrsicy, eeceedh That fram the W detector

The committee noted the value of enhanced infrastructure at the 4850 level at Homestake
to a variety of other high-priority physics topics such as the search for Dark Matter and for
neutrinoless double-beta decay. The committee felt that this added value to the overall US
programme should not be discounted in the decision to put either detector at a deep site.
The committee unanimously agrees that, that on the question of scientific capabilities, that
the prospect for the LAr detector to refine our understanding of neutrino oscillations, and to
be sensitive to unexpected new physics, exceeds that from the WC detector.

12|
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Conceptual Design, Cost and Schedule Review

LBNE Far Site Internal Conceptual Design,
Cost, Schedule and Risk Review

6-9 December 2011

Scope | Charge | Subcommittees | Supporting Design Documents | Project Planning Documents | Closeout Report

Assess the status and adequacy of the conceptual design for LBNE Water Cherenkov Detector (WCD), Liquid Argon Detector (LAr), and
the associated Conventional Facilities (CF) at the Far Site (Sanford Lab). This review is 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, currently planned for
spring 2012. In addition, this review will assess the cost and schedule status of each subproject.

This review will cover only these three subprojects of the overall LBME Project. (The conceptual design, cost, and schedule for Beamline,
Near Detector and their associated Conventional Facilities at Fermilab are covered in separate reviews.) For this review, the four
subcommittees will each be responsible for the technical aspects of the subprojects of WCD, LAr, and CF, plus cost/schedule. Each
technical subcommittee should respond to the charge questions independentiy.

See a Brief Introduction to LBNE

!:;:' Mote that LBNE is still carrying three far detector options, a 200kt water Cherenkov detector at 4850L, a 33Kt liquid argon detector
at 800L, and a 33k liquid argon detector at 4850L. The decision regarding which detector configuration will be used for LBNE will be
made shortly after this review.
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Committee Membership:

Overall committee chair — Peter Limmon

Liquid Argon Detector — subcommittee chair: Howard Gordon

Cryostat and Cryogenics: Johan Bremer (CERN). Joel Fuerst (ANL)
TPC. Electronics. DAQ. Computing. Photon Detectors. Veto: Gary Drake (ANL). Peter
Limon (consultant). Howard Gordon (BNL). Francesco Pietropaolo (Padova)

Water Cherenkov Detector — subcommittee chair: Bob Tschirhart

Water Containment and Water Systems: Fraser Duncan (SNOLab). Jim Mills (BNL)
PMTs. Electronics. DAQ. Computing — Bob Tschirhart (Fermuilab). Gene Beier (UPenn).
Sten Hansen (Fermilab). Bill Christie (BNL)

Conventional Facilities at Far Site - subcommittee chair: Marty Fallier

Surface: Jeff Sims (ANL). Marty Fallier (BNL).
Underground Infrastructure: Mark Laurenti (consultant). David Taylor (Sanford)

Underground Excavation: David Jurich (Hatch Mott McDonald). Randall Essex (Hatch
Mott McDonald)

Cost/Schedule - subcommittee chair: Bill Edwards

Detectors: Bill Edwards (LBNL). Bill Freeman (Fermilab)
CF: Sherese Humphrey (ANL). Dave Leeb (Fermilab)
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Conceptual Design, Cost and Schedule Review

LBNE Far Site Review= Absolutely Final Report Issved Tabuary 8, 2012

Fermilab

bt

Committee Report

LBNE Far Site Review- Absobhuely Final Repon Issued Jabgary &, 2012

0.0  Executive Summary

The focws of thes Internal Review was the LBNE Far 5ie detectors. convennonal facilines
and ¢ost & schedule. Technical. eost. schedule, project management and risk mpects were
nwsessed to determine the current state of the project and to evaluate the project”s

prepareduess for o DOE Lehunan CD-1 Review presently scheduled for early Spring 2012

The LBNE teams have made significant progress m the state of three reference designs. one
of wlich will be chosen soon as a vehicle to permit progress toward a design for CD-1. It is
pnportant to note that this reference deugn w not & baselne destgn. The team 15 to be
congrantlaed and thanked for their excellent work

The primary conchstons of the review commuites s that the present siate of understandmg of
the design, R&D, performance and coit & schedule for the LBNE faresite detector and
conventional faciliies are capable of executing the prunary science nnssion, that LBNE sall
be ready for a DOE CD-1 review in a fow months, and that there is no reason not 1o expest
suceess. We further believe that the technology decision can be made new and that having a
single desector model wall facalitate moving fornvard 1o CD-1 and beyond

It seersed to the Conunittee that the crgamizational and managemnent requirernents such as a
CDR for the reference design, resonrce-loaded schedules ani cost estimates can be 10 a state
thiat 15 appropriate for a CD-1 review n a few months. although there are incomplete parts and
voine inconsistencies ol the prevan nme. Resowmce-loaded techucally-dnven schedules exast
or are actively bemg ported to approprinte platformn; i some caves the connection between
tasky have pot been made. The cow estmmates exiv m wiffictent detai] for a CD=1 review, and
many have been peer reviewed and uerated

The primary conclusions of the review commuttee 1s that the present state of understanding of

the design. R&D. performance and cost & schedule for the LBNE far-site detectors and
conventional facilities are capable of executing the primary science mission. that LBNE will

be ready for a DOE CD-1 review in a few months. and that there is no reason not to expect
success. We further believe that the technology decision can be made now and that having a

single detector model will facilitate moving forward to CD-1 and beyond.

Digcvabony 5.5, 2001
Page 1 of 39

Diecwmbey 85, 2011

Page d of 19
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LBNE Executive Committee

* Bruce Baller * Marvin Marshak

* Ed Blucher e Christopher Mauger
* Milind Diwan * Vaia Papadimitriou
* Bonnie Fleming * Gina Rameika
 Maury Goodman * Kate Scholberg

* Richard Kadel * Hank Sobel
 EdKearns e Jim Stewart

e Josh Klein e Jim Strait

e Bill Louis e Greg Sullivan

e Tracy Lundin * Bob Svoboda

e Elaine McCluskey * Bob Wilson

e Bob McKeown

+ Advisers: F.Cavanna (ArgoNeut, uBooNE, ex-ICARUS), M.Gilchriese (SURF),
S.Kettell (LBNE/WCD), J.Urheim (LBNE/LAr)



The LBNE Collaboration has had a multi-year process of considering the technology
choice for the experiment. Recently there has been a series of reviews addressing
this choice including the Science Capabilities Review, Far Site Review, Risks
Workshop findings, and the most recent cost estimates from the Project. The LBNE
Collaboration EC met to discuss these reviews and findings.

The recommendation below was based on consideration of the following factors:
The Science Program

Depth related issues

Performance Validity and Prototyping Program

Scope for Improvements/Future possibilities

Cost and Schedule

Near Detector Issues

Scientific Community and International Context

= Ol i) 19

The executive committee spent two full days reviewing the two technologies and the
most recent cost estimates, and discussing the points made by the review panels.

39



Conclusions and Recommendations:

* There was very strong support for both technologies. The committee feels that
both technologies are viable and complementary in many aspects.

* There was a very strong preference for siting the experiment at the 4850L depth.

* Given the current state of knowledge and considering the factors listed above, the
committee favored the Water Cerenkov option.

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.

As per the Procedures for LBNE Far Detector Configuration Decision (LBNE-doc-
4099)

The Project Manager will make the formal decision, based on the advice received
from the LBNE collaboration EC, and subject to the concurrence of the Fermilab
Director, the LBNE Laboratory Oversight Group, and the DOE Office of High

Energy Physics.

The Executive Committee reaffirms its commitment to the Scientific Goals of LBNE
and will endorse the ultimate technology decision.

Passed unanimously by the LBNE Executive
Committee, Dec 14 2011
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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.”

| 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.
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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)
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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 6., for sin?26,, >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-1in FY2012.
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