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Science Goals of LBNE

- Determine if neutrinos violate CP symmetry
- Determine the ordering of neutrino masses

- Precision measurement of other neutrino oscillation
parameters

. Search for (or measurement of!) proton decay

- Obtain time-resolved spectra of the neutrino
emission from a galactic supernova

- Measure neutrinos from astrophysical and
geophysical sources

- Suite of short-baseline measurements enabled by
the high-intensity beam and precision near detector

J. Strait - LBNE W&C Seminar - 2 Sep 2011



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

Proton Decay

Lifetime Sensitivity (90% CL)
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e Atmospheric neutrinos

can be used to study
key oscillation modes.

e Mass hierarchy:
- At energies of 5~10 GeV,

matter effects generate
v, appearance signal,
sensitive to 6,, and
mass hierarchy.

e Octant of 0,;.

- At energies of <1 GeV,
oscillations in solar
mode generate small
v, appearancesignal,

sensitive to octant of 6,5.
e v_appearance.

- Potentially large signal
in up-going events.

Andy Blake, Cambridge University

Atmospheric Neutrinos, Slide 3
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Supernova Neutrinos: Viewing Stellar Evolution in
Real Time

The evolution of massive stars is thought
to culminate in a Type Il SN explosion,
caused by the collapse of an iron core
when gravity finally overcomes electron
degeneracy pressure.

Type la, on the other hand, should be
“neutrinoless”. But are they?

J. Strait - LBNE W&C Seminar - 2 Sep 2011



Large event samples allow detailed comparison
with supernova models
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Detection of “Relic” Supernova Neutrinos

ux (/cm2 /sec/MeV)
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Short-Baseline Physics

A v, CC candidate in NOMAD

#s x12 higher sampling in STT (HiResMnu)

5 x4T11 calorimetric and p converage
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Short-Baseline Physics

A v, CC candidate in NOMAD

Events / (ton x 1020 POT) = Events / week(!)

Production mode H20O Ar
—_ 1 CCQE (vun — pu p) 18,977 23,152
NC elastic (v, N — v, N) 7,094 7,165
CC resonant 7 (v, N — u~ N7 ") 25,821 24,014
CC resonant 7° (v,n — p~ pr°) 6,308 7,696
NC resonant 7° (v, N — v, N 7°) 6,261 6,198
NC resonant 7+ (v,p — vaynm") 2,694 2,182
NC resonant 7~ (v,n — v, pn) 2,325 2,930
CC DIS (v,N — =X, W > 2) 29,980 31,788
NC DIS (v, N = v, X, W > 2) 10,183 10,285
CC coherent 77 (v, A — pu~ An™) 1,505 1,505
NC coherent 7° (v, A — v, An") 790 790
NC resonant radiative decay (N* — N~) 41
Inverse Muon Decay (v, e — 1 ve) 6 6
V€  —r Upe 11 11
Other 17,023 17,193
Total CC 94,948 100,645
Total NC+CC 129,028 134,189

#s x12 higher sampling in STT (HiResMnu)

5 x4T11 calorimetric and p converage

J. Strait - LBNE W&C Seminar -
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Short-Baseline Physics

A 7. CC candidate 'In Situ Flux Measurements for LBL:
c - — N T T

V€  — L Ve
vun — ppat Q* =0
= Low-19 method
Ve and v, CC
Background Measurements for LBL:
NC cross sections
7” /4 in NC and CC
1 decays of 7%, K+
(Semi)-Exclusive processes
Precision Measurements of Neutrino Interactions:
sin? Oy v N DIS
sin? Oy ve
As
vMSM neutral leptons
QLI | High Am? oscillations
Adler sum rule
+ x12 higher samplingin ~ D/(p+7)
Nucleon structure
Nuclear effects

#s x4171 calorimetric and p
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Long-Baseline Neutrino Experiment Collaboration

Alabama: J.Goon, |.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, 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, C.Thorn, B.Viren, Z.Wang, S.White, 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, E.Zimmerman

Colorado State: M.Bass, B.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, 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.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
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: G.Davies, M.Sanchez

IPMU/Tokyo: M.Vagins

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

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

LBL: B.Fujikawa, R.Kadel, 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: J.Insler, 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, T.Latorre, A.Mann,
M.Newcomer, S.Seibert, R.vanBerg

Pittsburgh: D.Naples, V.Paolone

319 individuals
60 institutions
25 US States

5 countries

Princeton: Q.He, K.McDonald
Rensselaer: D.Kaminski, J.Napolitano, S.Salon, P.Stoler
Rochester: L.Loiacono, K.McFarland

Sheffield: V.Kudryavtsev, M.Richardson, M.Robinson, N.Spooner,
L.Thompson

SDMST: X.Bai, R.Corey
SMU: T.Liu, J.Ye

South Carolina: H.Duyang, B.Mercurio, S.Mishra, R.Petti, C.Rosenfeld,
X.Tian

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

TT0Z Isnbny GT
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LBNE Project Organization

DOE Office of HEP

M. Procario, Assoc Dir (Acting)
E. Rosenberg, LBNE Pgm Mgr

|

DOE LBNE Federal
Project Director
P. Carolan

l

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

LBNE Project
Management Office
J.Strait, Project Mgr

(open), Project Sci
E.McCluskey, Project Eng

l

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
J. Stewart

(BNL)

B. Baller
(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.

J. Strait - LBNE
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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.

- We plan to converge on a single conceptual design for
the experiment by the end of the year.

J. Strait - LBNE W&C Seminar - 2 Sep 2011 13



Neutrino Beam Alternate Designs
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Neutrino Beam Alternate Designs
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Near Neutrino Detector Options

LAr Tracker

Straw-Tube
with water -y
targets

J. Strait - LBNE W&C Seminar - 2 Sep 2011 15



Water Cherenkov Detector

PMT Electronics Racks

PMT Cable Risers,

Main Tunnel (Half Shown)

One Ring of Wall PMTs

Water Recirculation
Manifolds

Excavation Tunnel

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.

J. Strait - LBNE W&C Seminar - 2 Sep 2011 16



LAr Detector Size

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

- Active volume of each detector: 22.4 x 14 x 45.6 m> (w xh x|)
- Total fiducial mass = 33 kt.
- TPC design:

o 3.7 m drift length

O 5 mm wire spacing
O three stereo views

- Veto system (800 level only) to
tag cosmic rays passing
through the adjacent rock.

J. Strait - LBNE W&C Seminar - 2 Sep 2011 17



Far Detector Technology Decision

- Two detector technologies are 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. 0 + 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 will be based on:
- Technical feasibility and risk.
- Cost ... according to boundary conditions that are still shifting.
- Physics capability, according to the prioritized physics goals,
enabled for a fixed total project cost (which is still to be determined).

J. Strait - LBNE W&C Seminar - 2 Sep 2011 18



Far Detector Decision Process

- Decision process has been 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, potentially
augmented by additional advisors, provides formal advice
to the Project Manager

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

To be completed by the end of this year!

J. Strait - LBNE W&C Seminar - 2 Sep 2011 19



Summary

- LBNE is an important next step in neutrino physics.
It will be the only experiment capable of fully untangling the physics
governed by 0,5, for sin?26,; >0.01.

- It will enable a broad physics program including:
- other precision neutrino oscillation measurements

- It can anchor a facility for underground science, enabling

search for proton decay

measurements of neutrinos form a core-collapse supernova
studies utilizing atmospheric neutrinos

with potential upgrades, measurement of the flux of “relic”
supernova neutrinos and measurements with solar neutrinos.

other experiments in fundamental physics.

- Assuming positive decisions regarding Homestake and
adequate funding, we plan to achieve CD-1 in FY2012.

J. Strait - LBNE W&C Seminar - 2 Sep 2011
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