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Brief Review
Description of oscillations experimentation.

New projects

Ambitions for a new deep laboratory in the
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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physics. It is the quantum theory that includes the theory of strong interactions (quantum chromodynamics or QCD) and the unified
theory of weak and electromagnetic interactions (electroweak). Gravity is included on this chart because it is one of the fundamental interactions even though not part of the “Standard Model.”

BOSONS

Unified Electroweak spin = 1

force carriers
spin =0, 1, 2, ...

matter constituents
spin = 1/2, 3/2, 5/2, ...

FERMIONS

Leptons spin = 1/2

Quarks spin = 1/2 Strong (color) spin = 1

Approx.
Mass
GeV/c?

Electric
charge

Mass
[V

Electric
charge

Mass
GeV/c?

W
photon

Rucleus wW- 80.4 -1
Size ~ 1074 m w+ 80.4 +1

0
o Z 91.187 0

Electric
charge

Mass
GeV/c?

Electric
charge

Name Name

Flavor Flavor

Size < 1079 m
p_ electron

Uu
€ neutrino 4

0.003 2/3

Electron
Size < 10-18m

€ electron d down 0.006 -1/3 Color Charge

Each quark carries one of three types of
“strong charge,” also called “color charge.”
These charges have nothing to do with the
colors of visible light. There are eight possible
types of color charge for gluons. Just as electri-
cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong

interactions and hence no color charge.

muon
M neutrino

M muo

tau
T neutrino

<0.0002 13 2/3

0.106 0.1 -1/3
Neutron
and
Proton
Size ~ 10715

<0.02 175 2/3

T tau 1.7771 4.3 -1/3 Quarks Confined in Mesons and Baryons

One cannot isolate quarks and gluons; they are confined in color-neutral particles called
hadrons. This confinement (binding) results from multiple exchanges of gluons among the
color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
gy in the color-force field between them increases. This energy eventually is converted into addi-
tional quark-antiquark pairs (see figure below). The quarks and antiquarks then combine into
hadrons; these are the particles seen to emerge. Two types of hadrons have been observed in
nature: mesons gq and baryons qqq.

Atom
Size = 10710m
Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which is the
quantum unit of angular momentum, where fi = h/2r = 6.58x10725 GeV s = 1.05x10734 J s, If the protons and neutrons in this picture were 10 cm across,
then the quarks and electrons would be less than 0.1 mm in

N < s o o . g size and the entire atom would be about 10 km across.
Electric charges are given in units of the proton’s charge. In Sl units the electric charge of

the proton is 1.60x10-19 coulombs.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec-
tron in crossing a potential difference of one volt. Masses are given in GeV/c2 (remember
E = mc?), where 1 GeV = 109 eV = 1.60x10~1 joule. The mass of the proton is 0.938 GeV/c2
= 1.67x107%7 kg.

Residual Strong Interaction

The strong binding of color-neutral protons and neutrons to form nuclei is due to residual
strong interactions between their color-charged constituents. It is similar to the residual elec-
trical interaction that binds electrically neutral atoms to form molecules. It can also be
viewed as the exchange of mesons between the hadrons.

PROPERTIES OF THE INTERACTIONS

| e
Fund tal

S el s | r
1041 0.8
10-41

10-36

Baryons qqq and Antibaryons qqq

Baryons are fermionic hadrons.
There are about 120 types of baryons.

Mesons qq

Mesons are bosonic hadrons.
There are about 140 types of mesons.

Interaction

Property Gravitational

Electric
charge

Mass
GeV/c?

Quark
content

Name Symbol Name

Strength relative to electromag| 10~18 m

25 Not applicable
for two u quarks at:

3x10"7 m to quarks
for two protons in nucleus Not applicable

to hadrons

1
104 1 60
1

107 20

- = - B 070 +
n—pe v, ete”—> B0 B? P pi> 282 iestorted hadrons The Particle Adventure

Visit the award-winning web feature The Particle Adventure at
http://ParticleAdventure.org

Matter and Antimatter

For every particle type there is a corresponding antiparticle type, denot-
ed by a bar over the particle symbol (unless + or — charge is shown).

Particle and antiparticle have identical mass and spin but opposite

charges. Some electrically neutral bosons (e.g.,

KO = ds) are their own antiparticles.

29, 4, and m = <, but not v

>
W

This chart has been made possible by the generous support of:

U.S. Department of Energy
U.S. National Science Foundation

Lawrence Berkeley National Laboratory

Figures

These diagrams are an artist’s conception of physical processes. They are
not exact and have no meaningful scale. Green shaded areas represent
the cloud of gluons or the gluon field, and red lines the quark paths.

Stanford Linear Accelerator Center
American Physical Society, Division of Particles and Fields

BURLE INDUSTRIES, INC.

©2000 Contemporary Physics Education Project. CPEP is a non-profit organiza-
tion of teachers, physicists, and educators. Send mail to: CPEP, MS 50-308, Lawrence
Berkeley National Laboratory, Berkeley, CA, 94720. For information on charts, text
materials, hands-on classroom activities, and workshops, see:

http://CPEPweb.org
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Two protons colliding at high energy can
produce various hadrons plus very high mass
particles such as Z bosons. Events such as this
one are rare but can yield vital clues to the
structure of matter.

An electron and positron

(antielectron) colliding at high energy can
annihilate to produce B® and BY mesons
via a virtual Z boson or a virtual photon.

A neutron decays to a proton, an electron,
and an antineutrino via a virtual (mediating)
W boson. This is neutron f decay.




Initial
state

Inventor

Meutron Beta Decay

o

[hitial
state

n

Developer

E}"V%é mﬂvﬂ-ﬁ}f,}%—-——_

Oscillator

: —,8
small cross section: 10 3° cm? E/GeV

Electron Capture

G+ p mh+y

Iverse Beta Decay

G

T+ p —=n+a




Additions afterwards

® Neutral currents:
® neutrino +N -> neutrino +N
® 3 types of neutrinos: electron, muon, tau

® Neutrino + N -> N’ + |lepton




Neutrino puzzles

Do they have mass ? Why so small ?

It they have mass what implications on left-
right properties ?

Can they turn into each other ?

What implications for the structure of the
universe ?

What 1s the relationship to quarks ?




Current picture of masses from oscillations puzzling.

fermion masses

direct mass limit dFIl SHe bl
oscillation hint: 0.05 eV

!

V—® eV, .'\’3

u-e ce te

@D
<

hierarchy




Why Mass could imply Lepton
number violation

Particle Anti-particle

Left (6 V)L

Right €R VR

® Standard model has only left handed leptons in

isopin states. But if neutrino has mass it can
become right handed.

o If V1, = VR (Majorana) then neutrinos are their
own antiparticles and can annihilate themselves.




Brief review of oscillations

Assume a 2 x 2 neutrino mixing matrix.

Vq cos(f)  sin(#) 2

U —sin(f) cos(6) Vo

Vq(t) cos(0)vq(t) + sin(f)s(t)
P(vg — vp) | < vplva(t) > |?
sin?(#) cos2(f)|e— izt — p—iEnt|2
Sufficient to understand most of the physics:

o 1.27((m3 — m?)/eV?)(L/km)
(E/GeV)

Pv, — ) = sin” 26 sin

o 1.27(Am?/eV?) (L /km)
(E/GeV)

Oscillation nodes at 7/2.37/2,57/2, ... (7/2): Am? = 0.0025¢V>=.

E =1GeV., L = 494km .

Plvg —v,)=1-— sin? 26 sin




. d

d.’f = H Rﬂﬂm

L. Wolfenstein: Oscillations need to be modified in presence of

matter.

Charged Current Neutral Current
for electron type only for all neutrino types

Additional potential for v, (7.): =v2GpN,

N, 1s electron number density.




Oscillations in presence of matter

l
{Luf = RoH (vm) + Hmat(vyr)

0 T ‘:.-"‘EGFJ'\'-E- il
R 2K
2 ) 6 ( 0 —v2ZG g N, )) (

d

sin? 20 ‘ L.&m
= - —5- % sin? \J (a — cos 26)2 + sin® 26
(cos 20 — a)? + sin” 26

a 2v2EGr N /Am*

4
7.6 x 107° x D/(gm/cc) x E, /GeV/(Am?/eV?) W

Important only if electron neutrinos in the mix




2-neutrino picture

P (mu-e)  With matter 3 gm/cc
0.2}

0.15)

0.1t
| No matter

W\ Enerqgy
1 2 3 4 5 GeV

Osc. probability: 0.0025 eVA2, L= 2000 km, Theta=10deg




Key evidence

Super KamiokaNDE (SK): observe
atmospheric neutrinos.

Sudbury Neutrino Observatory (SNO):
observed solar neutrinos.

KEK to SK accelerator beam
MINOS accelerator beam

KAMLAND reactor experiment

Apologies to many other pioneering experiments







Particle Identification




Atmospheric neutrinos as a source for oscillation experiments
- .— Atm.neutrinos 2:| mu:e type

1 K

1L H
F

[

_— —j— o 12000 “\ 1
L 10000 0.8 ‘
o k T 8000 0.6
g
= 6000 it
4000 ’ '
2000 0.2
0 ™~ 0Ll
- 1 -1

cos B

Gauss: Flux inside spherical shell isotropic

Multi-GeV -like + PC

[ R

— ++

f Events

Number o

“ I BT I I I A I
_ -().5 5 -
1 -0.5 HPEE' 0 0.5 Elﬂiﬁ 0.5 1

Evidence for neutrino oscillations from SuperK




Allowed regions

Zenith angle analysis . L/E anaIyS|s

SK-l + SK-II

= | Bestfit:

- Am?=2.1 x 107 eV?
| sin?20 = 1.02

- x2=830.1/745d.o.f

99% C.L.
90% C.L.
68% C.L.

Best f|t
AmM?2 =22 x 103 eV?
sin?20 = 1.04
= 78.9/83 d.o.f 1

1
.-
sin iﬂm

SK MINOS & KZK

| (From C. Walter, ICHEP08)

Current best measurement of 923
~ 45%4° (10% accuracy)

® MINOSbestfit ® Super-Kbestft. |\ \
[ —— MINOS Q0% —— Super-K 90%

2~ MINOS68%  ——— Super-K 68%

- we K2K 90%
C | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
6 0.7 0.8 0.9

sin%(26)

VI. Fechner, NNN2008, Paris




deep mine ~ 6000 mwe
solar nu < 14 MeV

bservatory




Why does SNO use $300M worth of heavy water?

W /.p
d \A.p

Charged Current

Neutral Current




Fluxes

(10° em2 s°1)
1.76(11)
3.41(66)
5.09(64)
5.05

¢, (10 "em?s)
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The full anti-neutrino energy spectrum

Efficiency Plot shows the Prompt
event energy (e* kinetic
N energy+2me)which

KumL?INP data can be converted to
- o osclllation
Ev ~FE + 0.8MeV

best-fit osci. prompt

accidental

13 16
C(o,n) O

best-fit Geo V,

best-fit osci. + BG The best fit values:
+ best-fit Geo V, Am 2 =7.58 % 10-5(6\]2)
21

tan’0 = 0.56
12

Efficiency (%)
II|III|III|III

-
]
e
-,
L
(|
=
=
——
.'u_lfi

=

L

=
[

50

L1 | |i-|l-;-| L1 | | L1 | | | I | | [ L1 | | I 1 1 | 111 |I- =
% 1 > 3 4 5 6

E, (MeV)
Data taken between March 9, 2002 and May12, 2007, the 2.44x10°* proton-year exposure was
used. This is the KamL AND only result (using 613= 0 and taking into account reactor flux time

variation). Scaled reactor spectrum (no oscillations included) was excluded at the 5.1¢ level.




Kaml.AND + Solar oscillation analysis

Solar Combined analysis KamLAND only

20¢

| LMAT

EKamLAND
95% C.L.
90% C.L.

best fit

best fit

99.73% C.L.

= 99.73% C.L.

eelw s @ 3

- LMAO

1
7
tan“'l':}l2

10 20 30 40

Ay’

KamLAND only:
Am’=7.58""4(st)+0.15(syst)x10 (e V?)
tan’@ = 0.56",,(st)*) (syst)

-0.0

KamLAND+solar:

Am?*= 7.59+0.21x10°(eV?)
tan’0 = 0.473:4¢
Only the LMA I solution remains

KamLAND improved result for mixing
angle and Am”. Solar data have no effect
on the Am’ measurement.




Long Baseline Experiments

v i o
e N

Foa

Super-KAMK ;,,,g""’”

o

S i ey 4
B LR L
= T ) . . i
P Bl e ) i
R .
| - - P e
5 A | K =

First LBL exp. with
positive result

81+8 events no oscillation
56 events observed




(Fermilab) Main Injector Neutrino Oscillation
MINOS) about to start running.
78

T a. * 120 GeV protons
7 S extracted from the MAIN

INJECTOR in a single
turn (8.7us)

MIHDEHaarDefactnr_#,, i * 1.9s CVC'E time

o LE?_ RS  x j.e. v beam “on’ for 8.7us

every 1.9s
d 2.5x1013 protons/pulse
-"_'HEIS'ESL 0.3 MW on target !
' Initial intensity
2.5x102° protons/year

S FERMIILAE W0B-TE5D




Target Service MINOS To Soudan
Building ’ Service —\

protons: Hain Injector Building———

e —— — .}

Carrier___- i
Tunnel L g e

Target Hall /- Beam Absorber /~ Minos Hall -

Muon Detectors —  Minos Near
Detector

0 64 128 2%

e Horn pulsed with 200 kA ~ METERS

e Toroidal Magnetic field B ~ I/r between
inner and outer conducters




Absorber Muon Monitors

Target .
\ Target Hall Decay Pipe ut
120 GeV o i

protons
e G

From #1
Main Injector Horns

10 m

Hadron Monitor

Minos
detector:
lron/

scintillator
S5kT




Target

Target Hall

120 Ge\
protons

Absorber
Decay Pipe

From g’
Main Injector

Horns

7[+ \

Muon Monitors

I

Minos
detector:
lron/

scintillator
S5kT

10 m

Hadron Monitor

675 m /
5




CC Energy Spectrum Fit

As®
= Y (2(e.-0)+2 0.1n(0,/e.))+ > —L
X' = Y e=0)+2 0iIn(o,le)) + Y —

nbins nsys —S;

Fit the energy distribution T

to the oscillation i J MINOS Far Detector i
hypothesis: 1

* Far detector data
l — No oscillations
— Best oscillation fit

1 NC background

Including the three largest
sources of systematic
uncertainty as nuisance
parameters

Absolute hadronic
energy scale: 10.3%
i

Normalization: 4% ) 5 10 15 203050
NC contfamination: 50%  Reconstructed neutrino energy (GeV)

Best Fit:
-0 | Am2| = 2.43x10-3 eV?2
3.6 10>° Protons on target [ sin2(20) =1.00 ]

NNN 08, Paris, 11/09/08 Alex Sousa, University of Oxford




* 60 -120 GeV protons from the Main Injector fed by
Project X

2500 20-40x1020 POT/yr

Project X
2000

1500

10x1020 POT/yr
1000

Beam Power (kW)

6x1020 POT/yr
500

3x1020 POT/yr

40 60

Beam Energy (GeV) Recent sensitivity

studies are being done
m SNuMI = NuMI (NOvA) = NuMI (MINOS) for 120x1020 POT each
vandv (120 GeV)

1000 % BeamPower(MW) x T (1075)
1.602 x E,(GeV)

5.2 10*° POT for 1t MW and 10’ sec

28

POT(10°%) =

U.S. DEPARTMENT OF ENERGY




Not known
Has CP phase

What do we know and how do we know it

Bounded by CHOOZ

From Max. Atm. mixing,

Don’t know sign

Vd

el
A { In LMA-MSW, Fé(\?e — Va)

| = Ve fraction of Y2 and KamLAND
V2

v I

{ From v),(Up) oscillate
but v, (Down) dont

From distortion of Vz(solar)
and V.(reactor) spectra

JAmze-
0.00008eV*

MeasurementI T { From Max. Atm. mixing, V{ & Vv,
) include (v, — vg) /A2

Slide adapted from B. Kayser

not yet precise



Phenomenology of v, — v.

The Mixing Matrix mass-squares

Normal Reversed
Atmospheric i Cross-Mixing

. Q] Vv
1 0 0 ¢ 0 s2¢ ' V3 2
13 13 .00008 eV
U=|0 ¢y s|x| O 1 0

v
- 1
i

0 —s53 ©p3 _—3136 0 €13 ]

, 0.0025 eV 0.0025 eV
Cjj = €05 0; A0/
53 = sIn Gij

0 |

L . - 'vz
(o] o (e] M
015 = Oy = 34°, 03 = 0y, = 37-53°%, 0,3 <10 ph?sffnag 0.00008 eV Vg

Vq

& would lead to P(vV,—Vy) # P(v,—vy). CF Difference in mass squares: (m2-m 2)

Oscillation nodes at /2, 3m/2,57/2, ... (7/2): Am?2 = 0.0025eV?2,
E =1GeV ., L = 494km . Solar : L~15000km




Event rate
Evt rate: | MWV for 3 yrs

wbleD60 disappearance 1300km / Okm

300kT, 60 GeV
O deg.

=]
5]

numu CC osc (69.156,25.389)

Event type

numu CC  (151.498,89.578)

]
=]

-t
4]
T L T 1

Numu CC
NO OsC

272693 neutrino spe

-t
o]
T T 1

Events (evt/GeV/MW.1E7s/kTon)

9

Numu CC with 194479

|11 | L L | | | | | | | i 1 | il
OSC 10 12 14 16 18 20
Energy (GeV)

High precision sin?2023, Am?3,
® |mportant (esp. 023 ~ 45 deg.) with possibility of new physics.
® FEither 120 GeV or 60 GeV beam can be used: two oscillation nodes.

® Measurement dominated by systematics (see hep/0407047) (~1%)
/7 j Office of BROOKHEAUEN

Science . 7 NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY ) ¢ yr,-r 2XI1 O SEC
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. 7
Key Event Rate in 100k T*MW*10
5.2e20 POT @ 120 GeV

Am%l 31 = 8.6 X 1()_57 25 % 10_3€V2 SiIl2 2912,23 - 086, 1.0 Sin2 2(913 =10.02

ocp

sgn(Amz;)| o deg nue backg

WBLE NU 8
(1300km) 7

WBLE NU
(1300km) 3 9 72

WBLE
ANU 20 7.2
(1300km) 17
WBLE
ANU 33 19
’A;;z.ookm) -
ey, e BROOKHEAUEN

4 Science NATIONAL LABORATORY

U.S. DEPARTMENT OF ENERGY




Science to be addressed
with next detectors and the beam

e Neutrino Oscillations.
% What is the size of last mixing angle, 613 ?
% What is the ordering of Neutrino masses?
% Do Neutrinos violate the CP symmetry?

% What is the relationship of leptons and quarks ?

Detector needs to be similar size for both this
physics and physics of nucleon decay. Can we do
this important physics also ?




Neutrino CP violation

e Convergence of many profound theoretical ideas
and observations:

% The see-saw mechanism
% Majorana nature of neutrinos

% Leptogenesis <=> Baryogenesis




Detector

* Requirements: Very ambitious !

500 kTons fiducial mass for both Proton decay and
neutrino astro-physics and neutrino beam physics.

~10 % energy resolution on quasielastic events
Muon/electron discrimination at <1%
1, 2. 3 track event separation

— Showering NC event rejection at factor of ~15

— Low threshold (-10-15 MeV) for supernova search

— Part of the detector could have lower threshold for solar
neutrino detection.

— Time resolution of ~few ns for pattern recognition and
background reduction.




World wide ideas for
such a detector

MEMPHYS
HYPER-KAMIOKANDE
UNO at Henderson

Multi-Modular detector at Homestake




FNAL to DUSEL long baseline experiment

Beam requirement: >1 MW, 1000 to 2000 km

I(o), Affice of BROOKHIUEN

Science NATIONAL LABORATORY

U.S. DEPARTMENT OF ENERGY




Deep Underground Science
DUSE and Engineering Laboratory at HﬂmEStakE, SD

Engineering
6 ¥2 Empire State

Buildings
for scale

Geoscience

NSF site decision was HOMESTAKE on advice from a 22 member
Unanjmous panel. Homestake and Henderson were finalists.

Office o BROOKHP.
P / . RUEN
4 Science M.Diwan NATIONAL LABORATORY

U.S. DEPARTMENT OF ENERGY 38




Surface: 3€9/m”2/yr

Muon flux vs overburden

&  Proposed NUSL Homestaks
&  Cument Laboratories

4850ft:

|00k T
~3M mu/yr

Kamioka

with rate of | mu/l0
sec/detector => may
not need veto-counter

Gran Sasso

=

o
E
=
]
5
=
=
%
=

Site proposed here

==l |omestake Baksan

The Beam neutrinos (Chlorine)

will be obvious with a

rate of 100-200/day in
|0 mus spills.

Mont Blanc

NUSL - Homestake
Deep option

No pattern recognition
beyond time cut is
needed. . .
; 2 3
10
depth meters water equivalent

P—==0Office of BROOKHIAEN
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?What

i3

are black hills ?

.,
=l -

L
PN Pe s
T 3 SO
T % X e'-“‘ 40
. T o .
F ] - o -

e

SD has Tradition of mining

® South Dakota is West of Minnesota

® Black hills are very beautiful: bike trails, hiking,

forests, small towns with Art galleries !
76 Office of & BROOKHIUEN
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Where is the money!

~$40M from State and Federal resources.
~$70M from Sandford gift. DUSEL=>SUSEL.

~$15M/3yrs from NSF for preparation of
TDR.

~$3M from NSF/DOE for R&D in next 3 yrs
Promised ~$15M from NSF for engineering.

PP =5 Office of M Diwan BROOKHEVEN

/ Science NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY 4 I
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MEGATON MODULAR MULTI-PURPOSE NEUTRINO DETECTOR

v' Chamber Design

180" (SSM) Mined outside
1747 (53M> Finished Inside RAMP CROSSCUTS INTO TANK

DIAMETER EVERY 20 VERTICAL FEET

500 BETWEEN < =
TANK AND RAMP_ // ™\ N

7" DIAMETER

/BDQEHDLE IN
. \

///

RAMP, 1243 \
@ -14% GRADE

Cable bolt 60 fT long
on a 8'x8" pattern
Could use Instrumented Cables : :

for Engineering / Geotechnical

Study

VENTILATION

il
A

VENTILATION
SIDE VIE

Mark A. Laurenti (Former Homestake Chief engineer) November 2007




Water Cherenkov Detector

| module fid:
100 kT

300 kT



Water Cherenkov Detector

Existing Drifts
Lab Modules
20m x 20m x (50, 75, 100m)

| module fid:
100 kT

Staging Area

/ New DI‘IﬁZS{\ A <
Neutrino Detector g ' 5" ™ 15m x 15m

Access Drifts

S E o Ross Shaft

300 kT




MEGATON MODULAR MULTI-PURPOSE NEUTRINO DETECTOR

v’ Modular Configuration muon rate/cavern~1/10 Hz

(ATES FORMATION

180 ft dia

Rock removal at 5000L (new)

Parallel Access tunnel at 4850L (new)

Mark A. Laurenti November 2007




Installation

3 ) (e A

(AN Tl
i - LR RS
el e e
=) .

L
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FagdErrdodogn

p=osice of —ONCeptual design for installation EROOKAANEN
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Installation

--ol-lll R

>,/

] _ T

p=osice o —ONCeptual design for installation EROOKAANEN
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List of technical issues

Cavern stability

Cavern design: lining, water proofing, schedule.
Material compatibility.

PMT logistics and cost.

PMT pressure capability and shock resistance.
Electronics, cabling, etc.

Installation design: < | year

Water system (possibility of doping with
Gadolinium)

° Integration.
r/ Office © BROOKHFEVEN
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Technically limited schedule for a single 100
kT fiducial detector

2008 2009 2010 2011 2012 2013
Design
te Set Up (Chamber Access)

Excavate Chamber [ R N

52 53 54155 56 57 58 59 60 61 62 63 64 65 66|67 68 69 70 71 72 73 74 75 76 77 78|79 80 81 82 83 84 85 86 87 88 89 90(91 92

PMT R&D
PMT procurement
PMT production

Installation

Water Fill

Comments: Phototube production is slowed down to match construction of 1 module only.
Schedul

'y or revie
PMT testing facility, water system procurement and installation, and other items are not shown here.

e Tube production is slowed to match excavation. Tube
production is NOT the limiting factor.

e For simplicity, water system, PMT testing, electronics,
etc. are not shown.

e For 300 k'T' the time need not be tripled.
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Organization

The beam and the water Cherenkov detector are an
exercise in organization and planning.

There have been 4 meetings of an interim executive
board (more about this later) since P5 committee rec.

Two documents have been commissioned. (Depth paper
and white paper)

There have been several meetings at FNAL and Lead

http://nwg.phy.bnl.gov/DDRD/cgi-bin/private/ListAllIMeetings

There is talk of forming an Institutional Board as quickly
as possible so that the EB can be accountable

i(fd o BROOKHEUEN
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http://nwg.phy.bnl.gov/DDRD/cgi-bin/private/ListAllMeetings
http://nwg.phy.bnl.gov/DDRD/cgi-bin/private/ListAllMeetings

Conclusion

e A 300kT detector at a good depth is well justified for
accelerator neutrino physics.

e A conventional beam from FNAL to Homestake lab. is
going through an examination by a technical working group.

e Excellent sensitivity for 013 and mass ordering and CP
violation. Non-accelerator physics additional.

e The caverns built could house different technology: better
PMTTs, Liquid Scintillator, Liquid Argon ...
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