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What i1s a Water Cherenkov

Detector?

A Charged particles with
velocity faster tharc/n
produce directional,
polarized photons

A Light sensors such as

photomultiplier tubes
can be used to detect
the light

A This provides particle
tracking and
identification




Example of an electron
neutrino interaction

The detector is essentially a
giant camera

color in this plot represents
intensity of the light

Time-resolved images with
sub-nanosecond accuracy also obtained
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Nm C.Cinteraction: particle 1D

A Sharp Ring Edge

A Cherenkov Angle 42°

C Easy tadentify from
electrons
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Water

Kamiokande
1 kton

SNO
1 kton

Cerenkov Detectors

Super-Kamiokande
22 ktons



Detectors for DUSEL

Note: the DUSEL detector will
likely be realized in 2-3 modules

The muon rate in the DUSEL detector
will be 1/30" that of Super-Kamiokande

300ktons

b Hl DUSEL

Kamiokande



Multi-GeV u-like + PC : : :
- { Cosmic ray induced neutrinos
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— ++.T.|E Would pass Super-K in statistics after

_ - ~1.5 years.
S ahin
I Issues:
T '15- : (') : 015 S 1. improved sensitivity to n..- > n,
T cos® 2. oscillation mixing angle
3. Nexotico phenome
cosmic ray
proton

atmosphere
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Supernova Burst
lact Jupernova

gcise knowledge of th
Fp -> e + n makes

A More importantlyg'v
crosssection (~0
the statistics meé mgful! |

A Double coincidencénaefo background (ne€d)
A Positron spectrum mirrors neutrino spectrum

10 kpc with 300 ktons s
CCh, 70,000 eventsge |

NC n, 3,000 events
ES n, 3,000 events
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S. Ando, J. F Beacom and H.Yuksel,
astro-ph/0503321
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A SN in M31 would
~3-5 events/100 kton

It would be easily
detectable in a large
water detector of
Size ~300 ktons

Background is large
bursts of spallation
products following

a muon-induced
shower

deeper is better



The feeble signal of all SNe
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Gadolinium Doping

A Sensitivity to neutron capture via 8 MeV gamm

cascade (e.gM

Vagins NNNOS8)

A Inexpensive, low risk. Could be implemented
after construction completed, no schedule risk.

A Technical chal
- material com

enges:

patibility. Chose materials that d

not contaminate the water.

- water treatment . Remove impurities but leave
gadolinium in solution.



Status of theory: antn, flux

C.L., Astropart.Phys.26:190-201,2006
[SK limit
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A Differences due to different inputs/methods

For a Gd-loaded 100 kton WC detector, estimates

range from 2-20 events/year.

C.L., Astropart.Phys.26:190-201,2006, Fogli et al. JCAP 0504:002,2005,
Volpe & Welzel, 2007, C.L. & O.L.G. Peres, to appear soon.

SK background of ~20/year significantly reduced by
neutron tagging. (Beacom and Vagins)



Nucleon Decay

A Neutrinos, electrons, photons, and protons
are the only known stable particles

A Stable over what time scale?
A Lifetime of universe 10years

A Many theories that try and unite the known
FT2NDSa 2F Yyl O0dz2NBE Ay
(GUT) predict that free protons will decay with
lifetimes of 16° years or longer



Unification of Running Coupling Constants

Standard Model
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proton lifetime
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540 kt WC

2 2/0 kt WC

1995 2000 2005 2010 2015 2020 2025 2030

efficiency = 0.45
bg. rate =0.2 evts/100 kty

Nnbs = Nhg




SolarNeutrinos: A wetbnderstood
beam of lowenergyn,

A water Cherenkov
technique allows for
tracking

A neutrino-electron
scattering preserves
direction of parent
neutrino

A recoil electron spectrum
related to neutrino
spectrum

A more than 200 per day!




DUSEL LONG BASELINE

EXPERIMENT




N - I\/I' " %eg %Uel Ue2 Ue3£’18

eutrino Mixing | £75-%, v, v %8
— 7 3 angles| 1 CP-phase [+ (2 Majorana phases)

1 0 0 13 0 si3e® o s1o O

{ Lt 09 S04 [ | [ — 519 1 [

] — 500 09 — 51 3¢ —id L} 13 [ [ l

solar
sj = sing; C; = COS(;

10/1/2009 R.Svoboda 19



0dzi ¢S R 2 yn@ss orfeyird) g
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— Two schemes:
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. If q,51s large enough
AISO L Our DUSEL detector

Do rnGaolate CP?? can answer the mass
hierarchy and CP

guestions



n, appearance in a,_ beam

P(nNy@ Ne) = (2€135,5S,3)° SiN“F 5
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Experiments and Projects

An Experiment

A Project



Major Project Components

A Neutrino Beam. Plan initially for 766 beam
with potential for up to 3 MW later. Project
Office at FNAL.

A Near Detector: for characterization of the
beam. LANbroposed tohave a major role.

A Far Detector. Project Office at BNL and S4
proposal from NSF for Water Cherenkov

detector developmentLArdetector
development through ENAL (see2 ¥ ytalky Q




Utility Rooms

Entrance Drift

Xxcavation Ramp
to Mid-Levels

Excavation Drift
at Lower Level, 5040L




Davis Cavern 5} ates Shaft

Existing Drifts
Lab Modules
20m x 20m x (50, 75, 100m)
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Neutrino Detectors
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Staging Area

New Drifts 15m x 15m

Neutrino Detector B v Eor

Access Drifts

1Qmzam Ross Shaft .;f
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‘é’ " The Big Hole

* One large cavity is included in the scope of
DUSEL

A Large Cavity Board report: a large 1R@n
detector could be built safely and
economically. 15&kton cavities may also be
possible.

A RFP for cavity cos issued very soon
P : - I%
| " .
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Possible Solutions

Unitary post-

stressed

concrete

Steel self] Concrete vessel selfl Liner on| Cast concrete]Pressure
Unit supporting blocks supporting shotcretel  against rock|balanced wall
Fiducail Radius m 25 25 25 25 25 25
(Gap between fiducial radius and PMT module |[m 1 1 ] 1 1 1
PMT module thickness m 0.5 0.5 0.5 1 1 1
Gap between PMT module and tank wall m 0 0 0 0.2 0 0.2
Sealing/coating layer thickness m 0.005 0.005 0.005 0.005 0.005 0.01
Tank water radius m 26.51 2651 26.51 2721 27.01 2721
Tank wall thickness top m 0.05 0.5 ] 0.1 1 0.01
Tank wall thickness bottom m 012 05 1.0 01 1 0.0
Tank wall thickness average m 0.09 0.50 1.00 0.10 1.00 0.01
Tank outer radius m 26.63 27.01 27.51 273 28.01 27.22
Access/drainage/balance gap m 2 0.2 3 0 0 0.5
Rock wall raidus m 2863 2721 30.51 273 28.01 27.72
Tank wall mass tonne 5089 11453 2333 2316 23755 231
Fiducial volume cum 100000 100000 100000 100000 100000 100000
Fiducial height m 51 51 51 51 51 51
Tank water height m 54 54 54 54 54 54
Tank floor thickness m p 2 2 2 2 2
Excavation height m 56 56 56 56 56 56
Excavation volume (without upper part) cum 144155 130207 163712 131166 137978 135184
Normalized 1.04 0.94 1.19 0.95 1.00 1.00
SK IMB, SNO
miniBooNE KamLAND




Photon Economics

A About 50% of the detector cost is expected to be In
photosensors

A Even small improvements can make a big impact

A Development of light enhancement techniques
underway

A New high QE PMTs are now availalglevill be tested
In a statistically large sample this year

A Prevention of implosion chain reaction (BNL+U.S.
Navy)

A Developments outside S4vaveshiftingdyes, MCP
development



There is excellent cooperation between
the DOE and NSF groups



