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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 

150-200 kton Water Cherenkov Detector
24-34 kton Liquid Argon TPC Far Detector

New Neutrino Beam at Fermilab…

Precision Near Detector on the Fermilab site 

ong aseline eutrino xperiment

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



Outline

• Physics Goals and Sensitivity

• Overview of Project Organization

• Progress in the past year

• Project Conceptual Design development

• Plans for the coming year

• Summary
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• A
• B
• C
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Performance of LBNE:
Long-Baseline  → e Oscillations
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Performance of LBNE:
Proton Decay

Fermilab Institutional Review, June 6-9, 20116

WCD LAr



Long-Baseline Neutrino Experiment Collaboration
Alabama: J.Goon, I Stancu
Argonne: M.D’Agostino, G.Drake.Z.Djurcic, M.Goodman, X.Huang, 

V.Guarino, 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, 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, C.Thorn, 
B.Viren, Z.Wang, S.White, L.Whitehead,  M.Yeh, B.Yu

Caltech: R.McKeown, X.Qian, C.Zhang
Cambridge: A.Blake, M.Thomson
Catania/INFN: V.Bellini, G.Garilli, R.Potenza, M.Trovato
Chicago: E.Blucher
Colorado: S.Coleman, R.Johnson, A.Marino, M.Tzanov, E.Zimmerman
Colorado State:  M.Bass, B.Berger, J.Brack, N.Buchanan, J.Harton, 

V.Kravtsov, W.Toki, D.Warner, R.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, J.Felde, P.Gupta, M.Tripanthi, R.Svoboda
Drexel: C.Lane, J.Maricic, R.Milincic, K.Zbiri
Duke: T.Akiri, J.Fowler, 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, T.Junk, B.Kayser, G.Koizumi, 
T.Lackowski, P.Lucas, B.Lundberg, T.Lundin, P.Mantsch, E.McCluskey, 
N.Mokhov, C.Moore, J.Morfin, B.Norris, V.Papadimitriou,  R.Plunkett, 
C.Polly, S.Pordes, O.Prokofiev, J.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, G.Zeller, R.Zwaska

Hawaii: S.Dye, J.Kumar, J.Learned, S.Matsuno, S.Pakvasa,  M.Rosen, 
G.Varner

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

Indiana: W.Fox, C.Johnson, M.Messier, S.Mufson, J.Musser, R.Tayloe, 
J.Urheim

Iowa State: M.Sanchez

IPMU/Tokyo: M.Vagins
Irvine: G.Carminati, W.Kropp, M.Smy, H.Sobel
Kansas State: T.Bolton, G.Horton-Smith
LBL: R.Kadel, B.Fujikawa, D.Taylor
Livermore: A.Bernstein, R.Bionta, S.Dazeley, S.Ouedraogo
London-UCL: J.Thomas
Los Alamos: S.Elliott, A.Friedland, V.Gehman, G.Garvey, T.Haines, 

D.Lee, W.Louis, C.Mauger, G.Mills, A.Norrick, Z.Pavlovic, G.Sinnis, 
W.Sondheim, R.Van de Water, H.White

Louisiana State: W.Coleman, T.Kutter, W.Metcalf, M.Tzanov
Maryland: E.Blaufuss, R.Hellauer, T.Straszheim, G.Sullivan
Michigan State: E.Arrieta-Diaz, C.Bromberg, D.Edmunds, J.Huston, 

B.Page
Minnesota: M.Marshak, W.Miller
MIT: W.Barletta, J.Conrad, T.Katori, R.Lanza, L.Winslow
NGA: S.Malys, S.Usman
New Mexico: B.Becker, J.Mathews
Notre Dame: J.Losecco
Oxford: G.Barr, J.DeJong, A.Weber
Pennsylvania: J.Klein, K.Lande, A.Mann, M.Newcomer, 

S.Seibert, R.vanBerg
Pittsburgh: D.Naples, V.Paolone
Princeton: Q.He, K.McDonald
Rensselaer: D.Kaminski, J.Napolitano, S.Salon, P.Stoler
Rochester: R.Bradford, K.McFarland
SDMST: X.Bai, R.Corey
SMU: T.Liu, J.Ye
South Carolina: H.Duyang, S.Mishra, R.Petti, C.Rosenfeld
South Dakota State: B.Bleakley, K.McTaggert
Syracuse: M.Artuso, S.Blusk, T.Skwarnicki, M.Soderberg, S.Stone
Texas: S.Kopp, K.Lang, R.Mehdiyev
Tufts: H.Gallagher, T.Kafka, W.Mann, J.Schnepps
UCLA: K.Arisaka, D.Cline, K.Lee, Y.Meng, F.Sergiampietri, H.Wang
Virginia Tech: E.Guarnaccia, J.Link, D.Mohapatra, R.Raghavan
Washington: H.Berns, S.Enomoto, J.Kaspar, N.Tolich, H.K.Tseung
Wisconsin: B.Balantekin, F.Feyzi, K.Heeger, A.Karle, R.Maruyama, 

D.Webber, C.Wendt
Yale: E.Church, B.Fleming, R.Guenette, K.Partyka, J.Spitz, A.Szelc

22 A
pril  2011

306 individuals
58 institutions
25 US States
5 countries



Fermilab Institutional Review, June 6-9, 20118

• Fermilab is the Lead Lab
• BNL is responsible for the 

Water Cherenkov Detector
• LANL is responsible for the 

Near Detector

• The Project and Collaboration 
are well integrated:
- Project leadership are Collaboration 

members.
- Collaboration is heavily involved in 

Project planning.
- Project leadership are members of 

the Collaboration Exec Committee.
- Spokespeople are members of the 

Project Management Board.

LBNE Project Organization



Brief history since S&T review last year

• Director’s review in July 2010 => on track 
towards CD-1, but not as fast as hoped.

• Project Manager’s CDR, cost and schedule 
reviews fall 2010 => designs sound, but overall 
cost was too high.

• Value Engineering launched in November.  More 
than 80 proposals have been considered, which 
have substantially reduced cost without 
compromising the primary physics goals.  This 
process continues.
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Brief history since S&T review last year

• December 2010 – NSF withdrew support from 
DUSEL, dramatically changing the boundary 
conditions.

• LBNE has 
 Developed designs and plans for the case in which 

LBNE is the only occupant of the Homestake site. 
 Submitted a set of documents to the Office of Science 

Independent Review of Options for Underground 
Science describing LBNE with a water, liquid argon, or 
mixed technology far detector complex, assuming no 
larger Laboratory at Homestake. 

 Made initial, exploratory contact with potential alternate 
sites for the far detectors. 
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Current Status and Plans

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

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

• In what follows, we present a range of 
configurations for the LBNE beam, near detector 
and far detector that correspond to a range in 
cost, risk and capability for the LBNE experiment 
as a whole.
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Neutrino Beamline

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

the first and second oscillation maxima
=> E < 10 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 under consideration:
• Proton beam extracted from MI-10 or MI-60.
• Varying depth of the beamline components 

relative to the rock-soil interface.
Fermilab Institutional Review, June 6-9, 201112



Neutrino Beam Alternate Designs
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Extraction from MI-60 or MI-10

Beamline above or below grade



Near Neutrino Detector Options
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LAr Tracker Straw-Tube Tracker
with water 
targets



• Large Cavern at 4850 ft
depth

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

photon detection efficiency 
equivalent to SuperK II

• 2 sizes under consideration: 
200 kt or 150 kt fiducial 
mass (7-9 x SuperK)

• Detector active volume:
63 m dia. x 77 (58) m high 
for 200 (150) kt.

Water Cherenkov Detector
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Water Cherenkov Detector Cavern
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65 m10
0 

m

• DUSEL’s Large Cavity Advisory Board endorses the 
constructability of the 200 kt water detector cavern.

• Excavation design still evolving for simplicity and cost savings.



Liquid Argon TPC
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• Two detectors, end-to-end in a 
common cavern at the 800 
level.

• Alternating Cathode and Anode 
Plane Assemblies.

• Foam-insulated cryostat inside 
concrete vessel (membrane 
cryostat)

• Veto system to tag cosmic rays 
passing through the adjacent 
rock.

• Photon detectors provide t=0 
for non-beam physics.

• Two sizes under consideration:  
33 kt or 24 kt total (2 detector) 
fiducial mass



LAr Detector Size

• Active volume of each 
detector:
22.5 m 
14 m high
33-55 m long 
(depending on fiducial 
mass)

• Two detectors end-to-
end in common cavern
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LBNE LAr development builds on world-wide R&D program
LBNE-specific prototyping program includes:
• 3 x 3 m2 membrane cryostat wall panel – testing in progress
• 3 x 3 x 3 m3 membrane cryostat prototype

- Understand cryostat technology
- Verify purity in this cryostat
- Preliminary design complete; operational in 2012

• kton-scale full engineering prototype
- Full engineering prototype of complete detector system
- Leverage DZero infrastructure to minimize construction cost 

and time, and operating cost.
- Early planning stage; schedule depends on funding, but could 

be operational in 2014.
• Installation mockup 

- Concept exists; premature to devote significant resources.

LAr Prototyping Program
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Cost Estimate Summary – WCD
(FY2011 M$, including contingency)
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150 kton 200 kton 200 kton 

CD-4 =          2021                  2021                 2023



Cost Estimate Summary – LAr
(FY2011 M$, including contingency)
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24 kton 34 kton 34 kton 

CD-4 =           2021                 2021               2023



Far Detector Decision Process
• The current plan is to decide between WCD and 

LAr prior to CD-1 Review
• Decision process is being developed jointly by 

the Project, the Collaboration, and Fermilab 
management.

• 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, potentially 
augmented by additional members, provides formal 
advice to the Project Manager

3) Concurrence of Fermilab Director, Laboratory 
Oversight Group, DOE/OHEP required
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Plan for the Coming Year
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Schedule assumes: Prompt decisions about DUSEL.  Homestake remains the far site for LBNE.
Adequate FY12 funding (>~$20M), promptly available.

Independent Cost Review

CDR Reviews (Beam, Near Det)

CDR Reviews (Far Detectors)

Far Detector Decision

DOE CD-1 Review



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 have world-leading reach for measuring θ13 down 

sin22θ13 on the of order 10-3, when coupled to Project X. 

• 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 in the galaxy, 
- studies utilizing atmospheric neutrinos,
- with potential upgrades, measurement of the flux of “relic” 

supernova neutrinos and measurements with solar 
neutrinos. 

Fermilab Institutional Review, June 6-9, 201124



Summary

• LBNE is exploring a range of configurations to 
implement this crucial experiment, with 
corresponding ranges of cost. 

• All are capable of achieving the primary scientific 
goals in a period of 10-14 years of running:

• long-baseline  → e oscillation measurements 
• proton decay searches
• neutrino astrophysics

• Assuming a positive decision regarding 
Homestake, we plan to be ready for CD-1 in 
FY2012.
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