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Outline

e Scientific Motivation for a new accelerator
neutrino oscillation experiment.

e How much flux, energy, event rate can we get ?
What limitations ?

e Strategies and Optimization of a new experiment.

® What 1s the physics agenda for LBNE ?

® Description and Status of implementing the
Long-Baseline Neutrino Experiment (LBNE 1n

US).
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Scientific Motivation

eBroad: Neutrino Oscillation is a new sensitive
interference phenomena with as yet unknown
implications for fundamental physics. An unmatched
portal into any new nonstandard sector with light
fermions because neutrinos can mix with neutral spin
1/2 particles and oscillations over long baselines are
extraordinarily sensitive to tiny effects. e.g. 1002.4452

eNeutrino Properties: The current picture of neutrino
properties is based on only a handful of direct
measurements. Future precision experiments need to
test the full 3-generation picture and test for models of
mass and mixing.

e CP violation: Demonstration of CP violation may be a
gateway to the relationship between quarks and leptons
and the baryon asymmetry of the Universe.

4
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Probability for v, oscillation at 1 GeV
12y

o
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Neutrino Oscillations Strategy

Probability
o
©

Measurements:
Ve (V,) appearance in av, beam

v, disappearance from a v, beam

0 200 400 600 800 1000 1200 1400 1600 800 2000
Baseline (km)

Next generation(s) of neutrino experiments cannot simply focus on single
parameter measurements — even Op

A comprehensive program, must have the ability to
observe spectral distortion due to oscillations — peak and valley

observe different behavior for neutrinos and antineutrinos — direct
evidence of CP Violation

Known non-zero and large 0,;=> event rate is high enough to achieve this
with a long-baseline experiment (>1000 km with a broad band beam)

Must pick baseline first
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LBNE Science Objectives

COMPREHENSIVE PROGRAM TO MEASURE NEUTRINO OSCILLATIONS
Discover and characterize CP Violation in the neutrino sector
...and other missing pieces of the neutrino puzzle

® Resolve the neutrino mass hierarchy unambiguously

* Precision measurements of oscillation parameters (mixing angles,
mass differences)

® Precision neutrino interaction studies (near detector)
* New physics (non-standard interactions, sterile neutrinos)

... and other fundamental physics enabled by massive underground
detectors

* Proton decay measurement

* Astrophysics -- supernova v burst

Underground placement makes a qualitative improvement
by reducing risk and opening new physics opportunities.
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matter effect 1s larger than the largest CP effect, but does
not saturate the total asymmetry.
At the first maximum at optimum baseline there 1s no
degeneracy.
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LBNE beam/baseline optimization

Detailed calculation with horn based realistic beam optimization at each baseline and
assumption of liquid argon TPC of 35 kt. Assume |20 GeV Protons at 700kW.
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«Left: Fraction of 0., for which MH can be determined at 3 o level or greater
*Right: Fraction of 0, for which CPV can be determined at 3 o level or greater
(regardless of knowledge of MH.)

The LBNE design with 1300 km, 120 GeV proton beam, and a LAr TPC
detector is economical for a comprehensive oscillation program

Any other choice will necessitate larger detectors or higher beam intensi'&y
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Fermilab current/future capabilities

Project X parameters

.00
MI Power NuMI(KW)

:5 e Accelerator| Energy |Current Duty Power
i A SR ApERe () g Stage Factor Available
e A MI Power Project X (KW) CW 3 GeV | 1 mA CW 3000
| Project X o o
¥ Pulsed 8 GeV | 43 uA | 4.33ms/0.1sec 350
S LINAC kW
j 8 GeV 8 GeV | 500 pA |6.67ms/0.066sec| 4000
/? In progress Upgrade W
B iR Main 60 GeV | 35 uA | 9.54S/0.7sec | 2100
/ Injector kW
—/////_TOW Main 120 GeV| 19 pA | 9.5u5/1.3sec 2300
= = .. |Injector kW
Proton Beam Energy (GeV) S. Holmes

® Main Injector 1s the main source of high energy protons.
Current values:9.5usec/2.2 sec, 3.3x1013protons/pulse

® Upgrade project from 400 kW to 700 kW 1s funded and
in progress. Upgrade adds energy flexibility for constant
power
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Oscillation and Beam Spectrum. As
designed for LBNE

Neutrino Anti-Neutrino
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e With 700 kW of 120 GeV protons from the Main Injector, we have designed a
beam optimized for the 0.5 to 5 GeV. (yr=2 107sec)

e Event rate (anti)neutrino 2000(700)evts/10kt/yr @0.7 MW

e Electron (anti)neutrino ~50(~18)/evt/10kt/yr @0.7 MW

 The baseline and energy allows us to measure the spectral distortion and
disentangle MH from CPV. Measure asymmetries of event rates versus energy
for both polarities.
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The LBNE New Beam Design (advanced)

FNAL main Injectof:

Energy: 60to 12€ -‘
cycle:d.33 sec L. &
Pulsé: 9.6 micro sec -
intenisity: 4. 9e13/p7® A
Cons ant beam power.9ka)

”’)

- .

- ‘-.

Less expensive and better for safety than the deep design

LBNE 20 APEX OF HILL MI-10 POINT OF
LBNE 40 LBNE 30 TARGET HALL MAX. HILL HEIGHT = 70' EXTRACTION _1
NEAR DETECTOR ABSORBER HALL LBNE 5 - PRIMARY BEAM

Near hall SURFACE BUILDING SURFACE BUILDING SERVICE BUILDING
EXISTING ELEV. 751% - -
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1. WILSON HALL - 16 WEST (AFTER)
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Far Detector Design at depth:
LAr TPC Detector at 4850 ft

 Two detectors in a
common cavern at 4850
ft. depth

* Active volume of each
detector:
22.4x 14 x45.6 m3

* 35 kt fiducial mass

* TPC design:
03.7 m drift length
o5 mm wire spacing
. ICARUS based othree stereo views
;7 TPC design 02X108 anode chambers

Innovations:
industrial cryostat, 02 X 275K channels

cold electronics o S/N ~ 10

Challenges for scale up are under control : Purity, installation, safety 15
Thursday, March 14, 13




Status of the Homestake site
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+ FY 2012 S\ )

—Facility 18
« Facility Dewatered below the 6000 foot level Complete v L ¥ i~
* Yates promoted to primary access Complete v e il 2 :

* Davis Laboratory Outfitting Complete v
* Ross Shaft Rehab - design completed and reviewed,

rehabilitation Initiated (still provides secondary egress) E'(
—Science
« LUX Dark Matter, Majorana Demonstrator Neutrinoless Double Beta Decay, & CUBED - Installing v

* LBNE 10 kt Conceptual Design Completed v
» Proposals for DIANA, LZ, LBC under review, some funding announced

* FY 2013 - 15
—Facility

 Ross Shaft Rehab continues, first ~ 400 feet done.

—Science
« LUX and MJD anticipated to be taking data
 LZ R&D funded in the US and Great Britain v

 LBNE - CD1 approved December 2012 v
* Site-visit by DIANA Project v

From: Kevin Lesko

Deep Underground Research Association, 5 March 2013
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4850L Sanford Laboratory

Underground LBNE detector:
Ventilation issues and conceptual s Campus

design understood. e——— Yates

Working on updated cost estimate. Shaft
1000 ft
Ross
Shaft | , ' | | y
" 1000t 7
Sy 2 LBNE (u/g)
Ross Campus - — (proposed)
#6 Winze .
to 8000L — #3 Winze
DIANA i Ramp up to
(proposed) 4100L :
Deep Underground Research Association, 5 March 2013 18 \JSURF
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1300 km expectation with 35 kTon

Ve Spectrum
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For each bin,
conversion fraction of
electrons can be
calculated. Matter
effect can be
substracted to obtain
explicit CP signal.

Potential surprises:

Matter effect is not
what is expected !

CPV does not have the
proper energy |/E
dependence.

e With 1300 km the full structure of oscillations is visible 1n the energy
spectrum. This spectral structure provides the unambiguous parameter
sensitivity in a single experiment. Node zero important for new physics.
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Small tau background expected.
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LBNE staging

® DOE has asked us to phase LBNE with the first phase ~$850M

® We have chosen to proceed with the most important aspect of
the experiment: 1300 km baseline and the full capability beam.
To keep the project cost down we chose to consider a 10 kt LAr
detector on the surface. This 1s not a final choice.

® Construction will start on the beam first with site investigation
to begin this year !

® The goal of the first phase 1s to place this detector underground
and have a full capability near detector.

® New partnerships will enable this expanded scope in a timely
way. The DOE i1s very supportive of this strategy:.
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LBNE-Phase 1
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* Hierarchy resolution complete in combination with other data.

* Preliminary measurement of the CP phase.

e Assumption of 700 kW is conservative. One should expect continuing accelerator
and beam improvements during the same time.
el arge improvements to the beam are possible with aggressive technical
Improvements.
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Mass Hierarchy Significance vs d¢p

Normal Hierarchy
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LBNE sensitivity will grow with exposure and beam
upgrades. These are for extremely conservative beam

design.
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LBNE long range neutrino plan.

LBNE and Project X are great partners.

CP violation sensitiv

it
50% &¢p Coverage, Normal H¥orarch
cP 9¢ y 1:1 viv, 19%/5% Signal/BG systematics

40 L 4
Trow valoes +
35 ¢ ] 2.3 MW 150 00 kW, -mu:a.y,
R 1.1 MW, 200 ke
30 .m'.’. 103 SNy 100 H - LI MW, 200 xLyr
25 20 | 50 *
& o
¥ ® b
15 - 1.1 MW .50
10 30 .100 ’.
700 kKW
S -150 +
"3 B0 100 150 200 250 300 250 A0 430 800 008 0.08 0.1 011 012 013 0.14 0.15

Exposure (kl'years sin'(2013)
Once the LBI\?E be(arynlit)le 1s built, the long range plan includes:

- Increasing far detector to 35 kt in phases and

- Increasing beam intensity to 2.3 MW 1n phases.
This will get us to 5 0 CPV evidence for 50% of the phase space and a
+('7°-10°) measurement of the CP phase. (approaching the CKM matrix
precision)
Definitively solve the octant if 023 ~ 40 deg. !
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Super-K(2012) LBNE-LAr
Proton .
p — &+ 10 . osEaEEsE LAr inclusive
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predictions fipped SU(5). SO(10), 5D SUSY SU(5) maodes might be
gompetitive
p — g+ KO
p—u+KO
n—>vKO 1
p—vK*
minimal SUSY SU(5) SUGRA SU(5)
p—=vK* SUSY SU(5) with additional U(1) flavor symmetry
predictions
various SUSY SO(10)
SUSY S0(10) with G(224)
SUSY SO(10) with Unified Higgs
1 1 IlIIIII32 1 1 lIIIIII33 1 1 IIIIIII34 1 1 1 1 1 111
31 35
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1032

Measurement is well justified, but any hint of SUSY

from the LHC or other experiments will make this a

must

do experiment

Year

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040
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Supernova

w L e e Total = 12—
S 60 — SN e ES <‘:_>' L ---- Total, Normal
8 - ve-10Ar o L —— Total, Inverted
2 Py V-40Ar o 10—
5 50— g L
G s
- 5 gl
a0~ 3 -
- g [
- Z2
30— o
20;5-; 4:_
1054, of
-“- .."--- .....""-""c-J.IJ.LJLIlIIIIlIIII IIIIIIIIIIIIIIIIIII...'h-IJI|IIII|IIII|IIII
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80Ener 90 (MeVSOO
Energy (MeV) 9
Channel Events, “Livermore” model | Events, “GKVM" model
v, +* Ar — e~ +20K* 2308 2848
U, +40 Ar — et +40 CI* 194 134 @ |0 |(pC
v, +e~ — v, +e” 296 178
Total 2794 3160

Table 6—7: Supernova burst neutrino event rates for different models in 34 kton of LAr.

Liquid Argon 1s sensitive to electron neutrinos. Water 1s sensitive to
electron anti-neutrinos. Must have 10 MeV threshold for this physics.
Need R&D on threshold and spallation backgrounds.
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Conclusion

® We started discussing a future US Long-Baseline program after the
oscillation discovery. In ~2000 we realized that CP violation was not
an unreasonable goal.

- CP violation was the stretch goal of the program, and 1t was found to
require a large underground detector.

- 2003 discovery of solar LMA. Critical for feasibility !

- 2008 Decision 1n US to invest in development of a program.

- 2012 Discovery of 613~ 9 deg. = CD1 approval for LBNE from DOE.

® The US program now has all the essential elements
for a
broad attack on the physics of neutrino oscillations and CP violation,
and nucleon decay and astrophysics with a new technology detector.

e The LBNE collaboration and project are well-organized and ready to
construct and operate. The US/DOE 1s proceeding with the plan for
construction in stages. These would be accelerated with additional

partnerships.
27
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LBNE ultimate dataset with 35 kt and 2.3 MW (Project X)
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Prediction for 3-generation flavor oscillation is precise and testable with LBNE
10
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Near Detector Design: Straw tube tracker or
a small Liquid Argon TPC; both magnetized.

uBooNE-type
LAr TPC

Magnet Coils

Muon
Detectors

LAr Secondary
Containment

29
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