NMorth Dakota {1

. L
— i iy £ : ﬂ s MIFII'IE".’.-DI..!.J." i

- —_— == .

§ B Wiseonsin {""? f"-'“'-'-h‘"dd"

AR,

,_._—_“'L_H_.._.- - \
Yy |
: Mnlwaukee_l‘g

L3 1 1 #jgj____

b L e Chlcagp

__i _fJ lﬁStrmJ i 5 HLM A% if\

!

_- ——— |

Illlnms
4 ‘-'_.. ll

o orp . FRA VlSleQ Committee Sy
e o 1B Mangheeato o f’

o Hansa5 _H%r : |
. \ A imane NASA : p SRR |
v % < 2008 Tele Atlas. Missouri T ngy, - T2

. LS wocer ]
S Image © 2008 TerraMetrics _ = G—OQEIEE

—

S . }" © 2008 Europa Technologies N \ uji
P(}Inti‘r 43°03'56.44" N 95 10'42.53" WStreaming |[[1]]/11100% Eve alt llﬂE EE Kell -

-
&N b
L]
.



Long Baseline Neutrino Collaboration

Alabama: J.Goon, I.Stancu
Argonne: Z.Djurcic, M.Goodman, J.Paley, M.Wetstein
Boston Univ: E.Hazen, E.Kearns, J.Raaf, J.Stone

BNL: M.Bishai, H.Chen, M.Diwan*, R.Hahn, D.Jaffe,
J.S Kettell, F.Lanni, W.Marciano, N.Samios, J.Sondericker,
C.Thorn, B.Viren, M.Yeh, B.Yu

Univ of California, Davis: T.Classen, J.Felde, P.Gupta,
M.Tripathi, R.Svoboda*

Univ of California, Irvine: W.R.Kropp, M.Smy, H.Sobel

Univ. of California, Los Angeles: K.Arisaka, D.Cline, K.Lee,
F.Sergiampietri, H.Wang

Caitech: R.McKeown

Catania and INFN: V.Bellini, R.Potenza

Univ. of Chicago: E.Blucher

Colorado State Univ: B.Berger, W.Toki, R.Wilson
Univ of Colorado: A.Marino, M.Tzanov, E.Zimmerman

Columbia: L.Camillieri, C.Y.Chi, M.Shaevitz, W.Sippach,
W.Willis

Dakota State: B.Szcerbinska
Drexel Univ.: C.Lane, J.Maricic,R.Millncic, K.Zbiri
Duke Univ.: K.Scholberg, C.Walter

FNAL: B.Baller, S.Childress, A.Hahn, J.Hylen, T.Junk,
J.Morfin, V.Papadimitriou, C.Polly, S.Pordes, G.Rameika,
B.Rebel, J.Strait, G.Zeller, P.Shanahan, R.Zwaska

Univ of Hawaii: S.Dye, J.Kumar, J.Learned, S.Matsuno,
S.Pakvasa, G.Varner

Indian University Consortium: V.Singh, B.C.Choudary,
S.K.Mandai, B.Bhuyan, V.Bhatnagar, A-Kumar, S.Sahijpal
Indiana Univ.: C.Bower, M.D.Messier, J.Musser, R.Tayloe,
J.Urheim

IPMU: M.Vagins

*Co-Spokes

Iowa State: M.Sanchez

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

LBL: R.W.Kadel, B.Fujikawa

LLNL: A.Bernstein, R.Bionta, S.Dazeley, S.Ouedraogo

LANL: S.Elliott, 6.Garvey, T.Haines, W.Louis, C.Mauger,
G.Mills, Z.Pavlovic, 6.Sinnis, H.White

Louisiana State University: N.Buchanan, T.Kutter,
W.Metcalf, J.Nowak

Univ. of Maryland: E.Blaufuss, 6.Sullivan
Michigan State Univ.: C.Bromberg, D.Edmunds
Univ. of Minnesota, Crookston: D.Demuth
Univ. of Minnesota, Duluth: A.Habig

Univ. of Minnesota: M.Marshak, W.Miller
MIT: P.Fisher, J.Conrad

Univ. of Pennsylvania: J Klein, K.Lande, A.K.Mann,
M.Newcomer, R.vanBerg

Univ. of Pittsburgh: D.Naples, V.Paolone
Princeton Univ.: Q.He, K.McDonald

Rensselaer Polytechnic Institute: D.Kaminski,
J.Napolitano

Rochester: R.Bradford, K.McFarland

South Dakota State: R.McTaggert

Univ. of Texas, Austin: S.Kopp, K.Lang

Tufts Univ.: T.Mann, H.Gallagher, T.Kafka, J.Schneps
Virginia Tech: J.Link

Univ. of Wisconsin: B.Balantekin, H.Band, F.Feyzi,
K.Heeger, A.Karle, R.Maruyama, W.Wang, C.Wendt
Yale: B.Fleming, M.Soderberg

44 Institutions, 154 Scientists
... and growing.
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Goals of LBNE

Measure v, -> vg oscillations with sensitivity > NOvA:

* Measure sin2(2 013) to <« 0.01

» Determine the mass hierarchy:
Are vi and v, lighter or heavier than v;?

» Search for CP violation in the neutrino sector - Why is there
matter but almost no anti-matter in the Universe?

Use very massive detector necessary for the oscillation physics for:
 Improved limits (or discovery!) of proton decay

 Measurements using astrophysical neutrinos:
- Neutrinos from a supernova in (or near) our galaxy
- Relic neutrinos from “all" past supernovas
- From cosmic ray interactions in the atmosphere
- Solar neutrinos
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What do we want to be able to do this Experiment?

* A long baseline neutrino beam: 1000 km < L < 1500 km
(MINOS = 735 km, NOvA = 810 km, T2K (Japan) = 295 km)

* A very massive detector:
300 kT water Cerenkov detector (12 x Super-K) or
50 kT LAr TPC (80 x ICARUS)

INNvA = 1K LT Ciinen ¢ Thhhlﬂ\ - 2R
- &J

T
\I\IVVI'\ - d1dJ NI, s.)LIlJCI NV U'JUI |

N’

x

+ Detectors at great depth, for cosmic ray shielding, especially for
the non-accelerator based physics:

3000 mwe for p->Kv; 24300 mwe for relic supernova neutrinos
(MINOS = 2200 mwe, NOvA ~ surface, Super-K = 2700 mwe)

* A high power neutrino beam of a few GeV energy,
generated by a 2 MW proton beam.
(MINOS ~ 0.3 MW, NOVA = 0.7 MW, T2K = 0.7 MW)

* A precision "near” detector to measure the un-oscillated beam as it
leaves the source.
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Event rate for FNAL to Homestake
Evt rate: | MW for 3 yrs

3 OO k'l" 3 OO k'r’ vfleDBD disappearance 1300km / Okm
Event type | 120 GeV | 60 GeV gl .
05 deg 0 deg Ez AUMU CC  (151.498,59.578)
2 |
T 161820 272693 % neutrino spectrum
No 0OsC A
Numu CCH o290 | 124479 i
with osc . N

D 12 14 16 18 20
Energy (GeV)

8 1

High precision sin22023, Am?3,
® Important (esp. 023 ~ 45 deg.) with possibility of new physics.
® Either 120 GeV or 60 GeV beam can be used: two oscillation nodes.

¢ Measurement dominated by systematics (see hep/0407047) (~1%)
10O, Seicnca 5| BROOKHAAEN

. NATIONAL LABORATORY
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Tuesday, November 24, 2009
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Spectra FNAL to DUSEL (WBLE:wide band low energy)

numu cc (param) 1300km / Okm

BEFIN "” : : : 0.1 o,
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Signals and backgrounds for WC vs. LAr

v, 60 107’ PoT, 300kT WCh signal + bkg: v, 60 10° PoT, 50kT LAr  signal + bkg:
~ normal hierarchy — 8..=445'(1413)) 40[~ ;g hierarchy — b,=+45"(1105)
sin“ 26, = 0.04 } 520" (1612) sin 26, . = 0.04 b 8p=0" (1309
—_ 6.::=-'45o (1841) 20 _ - 6u_=-45' (1523)

background: background:
= all (826) = all (459)
%% beam v, (394) % beam v, (453)

LAy

4 5 7.8910 5?:1 3 4 5 67890
neutrino energy [GeV] neutrino energy [GeV]

V4V, 300 kt WCh e o3 L v+v, 50kt LAr
60460 10°° PoT s s £ 60460 10 PoT

il LU 120 = Ss >0 S

gg (am;, <0) gg (Am3,<0)

]
(1]
(=]

L LI LI L

10"

306, 50% §_:

C

35 R. Rameika June 2009 PAC 2% Fermilab



Further science issues

e Program should lead to measurement of 3-generation parameters
without ambiguities. (recall: CP measurement is approximately
independent of 013). Need large detector independent of 013 value.

e A broad band beam is needed to get spectral information to resolve
ambiguities. Spectrum down to 0.5 GeV important.

2.3 MW

5180

0

Al Tl “I?j‘l‘l S5 ULl “T?j‘l“l Tl

9

[
o
=

Talald Valala] bl

3 + 3 years (nu + nubar)

WCh 300kt
vas Amd 0

70+70 10°° Pol

~  true value
— 68% CL
— 95% CL

B © B
IIII ‘
0.06 8 0.1 012 014 016
sin ZE]13

19

300 kT water Cherenkov
detector @D USEL
Measurement of CP phase and
Sin”2013 at several points. All
ambiguities and mass hierarchy
are resolved.

M.Diwan (BNL)
BNL Colloquium
24 Nov 2009

NATIONAL LABORATORY

Tuesday, November 24, 2009
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What are we planning for this experiment
(reality intevenes)

* A new neutrino beam from Fermilab, aimed at the proposed DUSEL
in the Homestake Mine in SD, baseline = 1290 km

- Two 100+ kT (fiducial volume) water Cerenkov detectors, or
Two 17+ kT (fiducial) LAr detectors, or

One of each.

- Detectors to be buiit at 4850 feet below the surface, or
Possibly ~300 feet for the LAr detector

* A new neutrino beam line operating at 0.7 MW,  but
with infrastructure capable of 2 MW.

* A precision near detector just inside the Fermilab site boundary.

Note reduction in "exposure” :
2/3 the detector mass x 1/3 the beam power

=> x2 larger error bars . . .
or 4.5 x the running time to reach the same sensitivity
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Project Scope

- WBS 1.1 - Project Management.

- WBS 1.2 - New neutrino beam at Fermilab:
initial proton beam power = 0.7 MW, but facility to be capable of
being upgraded to >2 MW.

* WBS 1.3 - Near detector capable of measuring neutrino beam
properties and neutrino cross-sections with sufficient precision
that the oscillation physics is limited by far detector statistics.

* A far detector complex of > 200 kT Water Cerenkov equivalent:
- WBS 1.4 - Water Cerenkov far detector (100 kT "modules”).
- WBS 1.5 - Liquid Argon TPC far detector (~20 kT "modules”).

+ WBS 1.6 - Conventional facilities:
underground and surface facilities at the near and far sites.

10 of 29



The Neutrino Beam Facility at Fermilab

Start with a 700 kW beam, and then take profit of the significantly
, increased beam power (2 3 MW) avallable W|th PrOJect X

NEAR BEAMLINE AT

TUNNEL

6\‘—"‘?:\0“ ABSORBER T RGET FACILITIES ~150 ft underground
OREC FACILITIES :

~250 ft underground

DETECTOR J\ /& = TARGET
W.  FACLITIES 4
& 250 meters long /

Primafy beam energy (protons from the Main Injector) from 60 to 120 GeV
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Near Detector Complex

Target and Horn Absorber Muon Magnetic field region
System Chambers
proton Yy / .
2 \Y
Sl n Decay Region . or HOn
ranger
v D, e

Scope of Work

* Design a system of detectors and measurements to maximize the sensitivity of
LBNE

— Post-target hadron flux — extract neutrino flux

* in-situ

* external (eg MIPP, HARP, SHINE)
— Post-absorber muon flux — neutrino flux information, spill-by-spill beam stability
— Neutrino Hall

e flux
* interactions on same nuclear targets as far detector
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1.4.2 Vessel/Liner (F. Feyzi and B. Paulos)

Vessel: Consortium of A&E companies R —
evaluating vessel options o /f

— Select primary option March 9-10 “ﬁi\y’/

— 4 months to develop design, cost, and - [f

schedule for CD-1 dor

Deck: Three concepts being developed | —'f
— Select primary option in April - %’f e
— Need time after vessel option select TR

PMT mounting

— Numerous options

— Select best and alternate in April
— Depends on deck decision

PIU with Cable Spool 1§ of 29



1.4.3 PMTs (P. Mantsch)

PMT Procurement.

— Request for Information RFI to photon
detector vendor

* 2 Vendors responded Hamamatsu and ETL
* Source Selection Panel will be used for
procurement
Detailed plan for PMT testing and
characterization under development.

PMT protection.

— Contract with Navy to bring testing
facility online
e % Million gallon — 50’ diameter tank

* Will have engineering plan and proven test
facility for CD-1

Light collection studies in planning stage.

PMT assembly plan developed at
Wisconsin.
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Far Detector : Liquid Argon TPC

LAr potential: - Efficiency for v, ~80%
« e / m°/ y identification - low NC bkgd

Proof of Principle: R&D program:
« TICARUS (600 T) * MicroBooNE - v physics
Crxostat (half-mod_ule)‘ |
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Membrane Cryostat
TPC Module/Cavern Concepts

Top Loading with Bridge Crane End Loading on Rails
Deep Option Shallow Option

John Sondericker 8/05/09

concrete

" cover

i
i
i

AR

b

THE Natlve Rock Supports
Vessel Walls

| 7m—

Module
rails

A
o
3
\7

Reference Designla shown — Bo Yu will present other options

B.Baller (PPD)
6 Collaboration Mtg
28-31 Jan 2010
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Conventional Facilities Scope

* CF at Fermilab
— Tunnel for Primary Beam
— Target Hall complex
— Decay Pipe and Absorber
— Near Detector Hall
— Surface Buildings and Infrastructure

* CF at Far Site

— Caverns for WC and LAr detectors
— Infrastructure and surface facilities as required
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Target HaII Isometrlc Views
Preparlng for ~2 MW

e

] o —

Target Handling S

Shielding
: Concrete
Red: Steel

Orange:
RAW Room
Air Handling Room

Work areas#< Decay pipe: 2m radius

Decay pipe + minimum concrete
shielding: 5.3m radius
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Completed Critical

Geotechnical Investigations

» 4850 Level Mapping - Completed 2
« Geological Model - Developed
« Coring and Logging - Completed O
— holes 1, 2, 3: Sanford Lab
— holes 3, M, N: LC 1
— holes B, C: LC 2, LC3
— holes D, J: 4850 Lab Modules
— 4363.1 feet of core
* In situ testing - Completed
« Laboratory testing - Completed

Good news: Little Water, Good L
to Very Good Rock Quality g8

1 ‘K.Lesko (DUSEL)
NSF Annual Review - February 9-11, 2010 17 p ANSF Review

9 Feb 2010
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Conventional Facilities Issues

Management and conceptual work for CF @ Far
Site is not part of CD-1 budget plan.

CF at Far Site is an LBNE responsibility (but an
overlap of DUSEL MREFC scope) in DUSEL-owned
area — will be working to answer: who is owner of
facility, who leads design, who holds contracts,
who’s responsible for safety, who makes field
decisions during construction?

The challenge to describe CF at Far Site for all
detector configurations under development, and
be clear about scope, cost and schedule at CD-1.
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LBNE Project Office
Organization and Staffing

LBNE Project

J.Strait, Project Mgr
R.Rameika, Project Sci
E.McCluskey, Project Eng
C. Laughton, Geotech Advisor

1.1 Project Management

Project Controls Lead - (open)
Scheduling - K.Domann, (open)

Financial Manager - M.Smith (acting)

ES&H Coordinator - (open)

QA and Risk Management - (open)

Project Documentation - M.Dinnon,
A.Heavy, A.Smith, (open)

Administrative Support - S.Wright

1.2 Neutrino Beam Facility
V. Papadimitriou , L2 Mgr
(open), L2 Eng
(FNAL)

1.4 Far Detector: WCD

J. Stewart, L2 Mgr
T.Russo, L2 Eng
(BNL)

1.6 Conventional Facilities
E. McCluskey, Acting L2 Mgr
(open), Deputy L2 Mgr
(FNAL)

1.3 Near Detector
C. Mauger, L2 Mgr
(open), L2 Eng
(LANL)

1.5 Far Detetctor: LAr TPC

B. Baller, L2 Mgr
(open), L2 Eng
(FNAL)
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Organizational Relationships and Interfaces

(as | understand them)

DISCLAIMER

This represents Jim Strait's understanding, as of
the date on this chart, of the organizational
relationships, as viewed from the LBNE Project
Management Office. It does not claim to
represent all aspects of LBNE and DUSEL
management, nor does it necessarily represent
other people's understanding of how things
work, nor does it correspond to "reality" with
any precision.

LBNE Collaboration
Institutional Board
M.Marshak , Chair

; LBNE Collaboration
Executive

Committee

Co-Spokespersons

R.Svoboda, M.Diwan,

DOE HEP
D. Kovar

DUSEL Physics JOG
J.Dehmer (NSF-PHY)

M. Procario
J.Kotcher, E. Rosenberg

DOE
Fermi Site Office

I

DOE LBNE Federal Project
Director
P. Carolan

Scientific Direction

FNAL
P. Oddone, Dire:

R.Rameika, Proje
E.McCluskey, Proje

Physics
Working Group

1.1 Project
Management
J. Strait

Neutrino Beam
ing oup

Near Detector
Working Group

Draft 14 Mar 2

Liquid Argon
Working Group

B. Baller
(FNAL)

1.5 Far Detetctor:
Liquid Argon TPC

1.3 Near 1.6 Conventional
Detector | Facilities
C. Mauger E.McClusky (Act.)
(LANL) (FNAL)

T.Hallman (DOE-N
D.Kovar (DOE-HE

Laboratory Oversig
Y.K.Kim (FNAL)
G.Fleming (UCB)
S.Vigdor (BNL)

LBNE-DUSEL
Project Coordination
K.Lesko, E.McCluskey,

Rameika, K.Robinson,
Strait, J.Yeck

NSF Physics Division
J. Dehmer
D.Lissauer
S.Meador

University of California,
Berkeley
G.Fleming, Vice Chancellor
for Research

DUSEL Project
K.Lesko, PI, Project Dir
W.Roggenthen, Co-PI
J.Yeck, Assoc Project Dir
K.Robinson (A), Deputy for Design
and Construction

Sci Pgm& Integrated Suite
of Experiments
K.Lesko(A), Proj Deputy
S.Marks, Eng Manager

DUSEL Project Facility

M.Headly, Manager

R.Kadel, Lead Sci
R.DiGennaro, Eng

LBNE

Geotechnical Excavation
Engineering Engineering
Z. Hladysz D.Vardiman
Underground 4850L Campus
Infrastructure W.McEro
S. De Vries ! v

LBNE ||
D.Vardimann
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Preparing for CD-1

We are aiming at a CD-1 Lehman Review in December 2010.

Conceptual design development is focused on the technical, cost and
schedule drivers.
Beam
o Primary beam - conventional design, well understood
o Neutrino beam
- technically challenging, but at the same level as NOvA
- challenge to design facility to be upgradeable to 2+ MW,
without overdoing it.
Near Detector
o Still developing physics requirements to drive the design
o Overall scale "1~2 x MINERVA" => not a cost or schedule driver

o Will probably have several configuration options as of CD-1
=> cost range
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Preparing for CD-1

Water Cherenkov Detector

o Main drivers (technical, cost, schedule) are water tank, water
system, and PMTs - conceptual designs and cost estimates are
being developed with industrial consultants.

o Electronics, DAQ), calibrations are getting less attention, but are
nat torhnical ract Aar erhoAdille Arivere far +the ranrcrentiinl Aecinn
Vi1 1ol iitcul, Lo il Vi Ll icuudic Ul ivol o | VI 11iS bUll\—(rlJlUUl uoolgll.

Liquid Argon TPC

o Cryostat and cryogenic system designs are being developed with
industrial consultants.

o TPC and electronics are the focus of the lab and university groups

o Trigger/DAQ), photon detectors getting less attention, but are
not technical, cost or schedule drivers for the conceptual design.
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Preparing for CD-1

Conventional Facilities
o Design of on-site (Fermilab) facilities proceeding rapidly.
=> in good shape for Dec

o Will rely on / start from work done by DUSEL for LCI;
no serious work yet on LC2 and associated excavations and

infractriirtiirne
T asSiruliure.

o Industrial contract in place to make conceptual designs for LAr
cavity at 4850L or shallow depth.

o Far site facilities are our major concern for reaching CD-1 quickly:

- Just defining precisely what this job is for us ... deteriming
LBNE-DUSEL boundaries of responsibilities.

- No L2 or L3 manager for this task yef.
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(Draft) Calendar of Events Towards CD-1

» Detailed outline of CDR - 10 May

» Initial draft sub-project Resource Loaded Schedules - 25 June
* Intermediate draft CDR - 25 June

» Readiness check for CD-1 (internal review) - week of 12 July

* Subproject RLS delivered for compilation by PMO - 16 August
- Final draft CDR, ready for final editing - 13 September

+ CD-1 Directors Desigh Review - week of 20 September

* CD-1 Directors Cost, Schedule and Management Review
- week of 25 October

Lehman Review (IPR) - first half of December.
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Summary

- LBNE is an ambitious experiment aimed at
- discovering and measuring CP violation in the neutrino sector
- proton decay and neutrino astrophysics

» A strong Physics Collaboration and a strong Project
| + with

farmed +a hinld AanAd ovnrn-l'o +hic ov
T VIEFIITONW TV IWUTINA UTINA OACDLU IO TTHT ON

o
=1
0

leadership position.

- We are aiming for a CD-1 Lehman Review at the end of this year.

29 of 29





