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Abstract: By creating a location that is essentially free from radioactive background, sensitive measurements can be performed to test fund
laws of physics with neutrinos from the Sun, Dark Matter particles left over from the Big Bang and rare forms of radioactivity. The Suc
Neutrino Observatory (SNO) is a neutrino detector containing 1,000 tonnes of heavy water and situated 2,000 meters underground in
Creighton Mine near Sudbury, Ontario. SNO has observed neutrinos from the core of Sun and has found clear evidence for neutrino flavor
This requires modification of the Standard Model for elementary particles and confirms solar model calculations with great accuracy
underground facility is now being expanded to create a long-term international facility for underground science (SNOLAB), where measurem
Dark Matter, Double Beta Decay and Solar Neutrinos will be performed with the lowest radioactive background available anywhere. The resi
SNO and the future scientific program for SNO and SNOLAB will be described.
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With the Sudbury Neutrino Observatory (SNO) and the new SNOLAB we have

great new scientific opportunities in Neutrino Physics, Dark Matter detection,

Double Beta Decay at the lowest background underground site in the worid




Outline of Talk
* Neutrino Physics - Status
* Latest Results from SNO
* Future Objectives for SNO
* Prospects with the New SNOLAB
* Many Letters of intent
* Examples
* Solar Neutrinos, Supernova Neutrinos
* SNO +
* Double Beta Decay
* Majorana (Ge)
« SNO ++ (Nd)
* Dark Matter
* Picasso (Fluorine)
* DEAP (Argon)
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Neutrino properties

What have we learned? \
1) Evidence for neutrino flavor change:

- Atmospheric: Super-K

- Solar: SNO (Solar model independent test, supported by other measurements).
- Reactor: KamLAND observes neutrino disappearance with solar parameters.
- LSND?: To be addressed soon by MiniBoone

- Neutrino parameter limits set by many experiments: Reactor, Accelerator

2) Neutrino Mass:

- Mass differences from oscillations

- Mass Limit < 2.2 eV from tritium beta decay

- Double Beta Decay: Limits so far: Mass limit <~ 0.4 eV if Majorana particles.
- Limits from Astrophysics: CMB, Large Scale structure <~ 1 eV.

3) Number of light neutrinos:
- Z width: 2.981 +- 0.008 active types

-Phsaig Bang Nucleosynthesis: 3 active neutrino types - 4@




Neutrino propertie?l

-The most favored explanation for the flavor change data
- to date is Neutrino Oscillations.

-Others are ruled out as dominant, but could be small sub-dominant
- Flavor Changing Neutral Currents,

- Resonant Spin Flavor Precession for solar neutrinos ...

- Violation of Equivalence Principle ......

- Mass Varying Neutrinos...

In the discussion to follow, we will concentrate on the
favored basis of Neutrino Oscillations and consider
the further information to be obtained on this basis.
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Using the oscillation framework:

If neutrinos have mass: |1 ] > = E U i

v,)

For three neutrinos:

I/ i Iy

-l | Baa Rl | Maki-Nakagawa-Sakata-Pontecorvo matrix \
U, U, U. (Double B decav only)
Cio g 5 { ) l { ) i) l { ) { ) C { ) o l {) |
= < C ) ) C g ) }_ () i l () ) L_*:—' )
|_:'r I.:I l l_:-'r — 5 = ,__“,3 t,:l l:r ;'.-_ 0 L }_"_ |:'| t..-‘a__: ;:1 I-':I ;‘— 20 e

Solar.Reactor I I Atmospheric | I CP Violating Phase I I Reactor.LBL " Majorana Phases I

Range defined for Am,,. Am,,

wherec,_ =cost, ., and s, =sm&.

For two neutrino oscillation in a vacuum: (valid approximation ig#/hany cases)

s Am
P(v, >v,)=sin> 20sin” (127 —
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| Matter Effects — the MSW eﬁectl

e cos26 + v E(TP:\:E o sin2o
1 g 4E 4F
o sin26 L cos26
) 4E 4E i

In the oscillation formula:

iy .
s 20 =

sin”- 26

(® —cos26) +sm 26
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What have we learned? Solar Neutrinos

Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000
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Using the oscillation framework:

E g » —_— F
If neutrinos have mass: [1 ] > — E L’ ii

For three neutrinos:

Vi)

g, U, u
= ‘ Maki-Nakagawa-Sakata-Pontecorvo matrix \
U, U, U Double B decav only)
Cio 519 U 1 g, i) 1 i) [:} C () g 1 () {)
- e 0o & . [HOo 1 @ 0 1 oHe &
0 0 B £ 0 0 e i0 —g- 0 e () () & > (248
V A 2] i) 13 "). 5 ‘)
| Solar.Reactor I I Atmospheric | I CP Violating Phase I I Reactor.LBL " Majorana Phases l
wherec, =cost, . ands. =sm6,

Range defined for Am,,. Am,,

For two neutrino oscillation in a vacuum: (valid approximation ig#/hany cases)

o e Am-L
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Using the oscillation framework:

It neutrinos have mass: IV ’ > — E U i

v,)

For three neuftrinos:

B Ut
—— r —a ‘Maki-Nakagawa-Sakata-Pontecorvo matrix \

e r2 Y13 (Double B decav only)

fT_.} & B ) —%
| [ N | s
> 1] i 2

LA l_ L i TS ;:_-. y *:{ I.-J = = '+ > 0, LT ¥ ¥
V 2] 2] i) }-:- "). £ ‘)
| Solar.Reactor I I Atmospheric | I CP Violating Phase | I Reactor.LBL II Majorana Phases l

('} ()

{ ) — &

Range defined for Am,,. Am,,

wherec. =cos@..ands. =smé.

For two neutrino oscillation in a vacuum: (valid approximation ip#/hany cases)

Am~L
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What have we learned? Solar Neutrinos

Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000
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v Reactions in SNO

neutrino

- Both SK, SNO
- Mainly sensitive to v_, lesstov, and v_

- Strong directional sensitivity
®,

neutrino

- Good measurement of v, energy spectrum
- Weak directional sensitivity oc 1-1/3¢cos(0)
l - v onlv. |

- Measure total B v flux from the sun.
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v Reactions in SNO

Sv, te-

- Both SK, SNO
- Mainly sensitive to v_, less to v, and v_
- Strong directional sensitivity

glecliron rneutlrino

- Good measurement of v_ energy spectrum
- Weak directional sensitivity oc 1-1/3¢cos(6)
l - v_only. |

- Measure total B v flux from the sun.
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v Reactions in SNO

Sv +e-

- Both SK, SNO
- Mainly sensitive to v_, less tov, and v_
- Strong directional sensitivity

- Good measurement of v, energy spectrum
- Weak directional sensitivity oc 1-1/3cos(0)
| - v_only. |

- Measure total B v flux from the sun.

rise: bsopiist | cross section for all v types
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Solar Neutrino Physics From SNO

Flavor change + active neutrino appearance

Dcc _ Ve

O, Ve+0.15(v, + V)

D Ve
DOpe Vo EW, WV

Total 2B Solar Neutrino Flux

D, = Dgc + (Pgs - D) x (100.15)




Solar Neutrino Physics From SNO

Flavor change + active neutrino appearance

June 2001 IRCT- TN 336
(with SK) ——=  |EH

Total 2B Solar Neutrino Flux

D, = D¢ + (Pes - D) x (100.15)
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Solar Neutrino Physics From SNO

Flavor change + active neutrino appearance

June 2001 chc
(with SK)

April 2002

Sept. 2003

Mar. 2005
(With sait)

Total 2B Solar Neutrino Flux

D, = Dgc + (Pes - D) x (1/0.15)
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Solar Neutrino Physics From SNO

Flavor change + active neutrino appearance

June 2001 (Dcc
(with SK)

April 2002

Sept. 2003

Mar. 2005
(With sait)

Total 2B Solar Neutrino Flux

AINERIIEE D, = Dy + (Opg - D) x (1/0.15)

— e
ept. 0
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Sudbury Neutrino
Observatory

Urvion Limmer and AP 3 - §
Pirsa: 05030145 Rm Seal . Page 22/81




SNO Run Sequence

The Three Phases Neutron Detection Method

Pure Dgo Nov. 1999- May 2001| Capture on D
Good CC sensitivity n+d >t+vy...> e (E =6.3MeV)

\dded Salt in D,0 /el capture on CI

Enhanced NC To

= n+3Cl—3¥Cl+3y... > e (E. =8.6 MeV)
sensitivity Sept 2003 -t

leutral Current

Capture on *He

Detectors )
*He proportional counters s
in the D.O Event by event separation of CC

- — — and NC events
Nov. 2004 to Dec. 2006
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SNO Salt Phase:
Advantages of NaCl for Neutron Detection

_ h d
* Higher capture cross section neg
* Higher energyv release °
* Manv gammas (Isotropv) 350
55
- ® CC Electrons
R :", ® Neu ure 0,0 c=44Db
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The latest SNO data: 361 live days with salt hep-ex/0502021 (46 pages)
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ISOTROPY COUNTS VERSUS VOLUME
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The latest SNO data: 361 live days with salt hep-ex/0502021 (46 pages)
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ISOTROPY COUNTS VERSUS VOLUME
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Day-Night Asymmetry
V Regeneration in the Earth through MSW
Interactions with elecctrons in the core, mantle?

Neutrino Trajectories at Night

Certain oscillation scenarios
predict a zenith angle dependence
for the solar neutrino flux

Day Flux # Night Flux ?
Measure the Asymmetry
| 2AN-D)
A= \
N+D )
Pirsa:0503014zenith Aﬁgle is the

angle relative to the horizon
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Day-Night Asymmetry (a="2—

N+D

ERE a) A= -0.056 + 0.074 (stat.) + 0.051 (syst.)

- Hsto8s > Ngh Anc= 0.042 + 0.086(stat.) + 0.067 (syst.)
| UL Ac<= 0.146 +0.198(stat.) + 0.032 (syst.)

_ 13 y

3 *s ! Constraining A, to be zero:

- syt “ A= -0.037 +0.063(stat) £0.032(syst)
. ﬂ Aco= 0.153 £ 0.198(stat) £0.030(syst)
_ | ® Wight i g Combine this with the analogous

: | ¢4 T ACC from the salt phase:
=i 771 b A oo =0037 £0.040
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oM Prediction (BPB 2000)

; : R T
Neutrino Flux (= 10" em'™ sec’’)

NC flux is in agreement with,
And more accurate than
Solar models for B flux.
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Large mixing The 1-2 neutrino oscillation
Angle (LMA) parameters are now
. becoming well defined.
region
» Note that the solar
results define the
SOLAR )
mass hierarchy
ONLY
(m, > m,) through the
Matter interactions (MSW).
. 2
SOLAR Also,tan26 <1
PLUS (Maximal mixing)
KAMLAND by More than 5
standard deviations.
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LMA prediction is for very small spectral
distortion, small (~ 3 %) day-night asymmétry




SNO Phase III (NCD Phase)- Began Nov '04

» “He Proportional Counters ("NC Detectors™)

40 Strings on 1-m grid

440 m total active length

Detection Principle

‘H+v_—>p+tn+v_-222NMeV (NC)

o

‘He +m—p +°H +0.76 NeV
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SNO Phase III (NCD Phase)- Began Nov '04

» “He Proportional Counters ("NC Detectors™)

40 Strings on 1-m grid

440 m total active length

Detection Principle

H+v_>p+tn+v,-222MeV  (NC)
\

‘He +n—>p +°H+0.76 MeV

Physics Motivation

Event-by-event separation. Measure NC
and CC in separate data streams. Better
Flux accuracy (NC/CC).

Different systematic uncertainties
than neutron capture on NaCl.

NCD array removes neutrons from CC,
Prsaropiiirates remainder. Better CC
spectral shape at the lowest enerav.




ISOTROPY COUNTS VERSUS VOLUME
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SNO Physics Program

e Solar Neutrinos
—> Electron Neutrino Flux
—> Total Neutrino Flhux
-2 Electron Neutrino Energy Spectrum Distortion (Predicted ~10 %)
—> Day/Night effects (Predicted ~ 4 %)
—> Seasonal varnations
¢ Atmospheric Neutrinos & Muons

= Downward gomg cosmic muon flux

- Upward gomg muons and angular dependence
e Supernova Watch
e Antineutrinos
¢ Nucleon decay (“Invisible” Modes: N vvv)
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SNO Muon & Atmospheric
Neutrino Analvsis

Through-Going Muon Zenith Angle Distribution (PRELIMINARY)

'y

Intensity (p/cmzls/sr)

14
10

Pirsa: 05030145

—
-

--=-=---- Atmospheric Muons
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Supernovae and SNO:
For an event at the
Center of the Galaxy
SNO would observe
1000 events evenly
Distributed among
FElectron, mu, tau

Neutrinos o 50 120 9 & A 0 320 & 9%

AMANDA - LVD }

SNEWS

xpts. scon to Expts. currently
plog I plogged in

-
*

-

FETEE sl AR F EE R R T TR R T W

LE A N LN LN
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Using the oscillation framewaork:
If neutrinos have mass: [l’ 7 > = Z U i IV ; >

For three neutrinos:

el e i ‘ ‘ Maki-Nakagawa-Sakata-Pontecorvo matrix I
| U, U, U, Double B decav only)
G, S O\ (1 0 O0Y(1 0 0\(e O s)(1 O 0 )

=| =83 €3 Of-10 = s H 0 1 () ‘_I 0 1 @ 1-a {.3_:'5;'2-’: ()
Lo o 1}l —=s. c.f | 0 6 e " )l—s @)l @ g2

| Solar.Reactor I I Atmospheric | I CP Violating Phase I | Reactor.LBL " Majorana Phases I

Range defined for Am,,. Am,,

wherec_=cost. , and s, =sm&.

For two neutrino oscillation in a vacuum: (valid approximation ig#hany cases)

P(v, —>v,)=sin® 20sin> (1272202 )
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| What can we learn? | ‘ Neutrino Properties |

- Detailed Study of LSND: (MiniBoone) 3 Neutrino types or more?

- Improvement in (or confirmation of ) parameters to date:
Amy,?, Amyg?, 845, 655

- Determination of unknown parameters:
- e1:’£

- CP Violating Phase &

- Mass hierarchy

- Dirac or Majorana (Majorana Phases)

- Mass scale

Pirsa: 05030145
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What can we learn?

A2 O, :
- Reactor neutrinos: Kamland (Confirm LMA, improve parameters).

- Solar Neutrinos: SNO+ , Borexino, Kamland.

- Low Energy Solar neutrino measurements (pp): CLEAN, LENS

« Am,,2, 0,, :
- Long baseline Accelerator: K2K, MINOS, CNGS
- Confirm atmospheric (K2K near 99% confidence)
- Observe oscillation pattern (dip)
- Observe tau appearance
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| What can we learn? | ‘ Neutrino Properties |
\ - Determination of unknown parameters: |

- Reactor Neutrino Disappearance for 6, :
Double Chooz, Braidwood, Daya Bay, KASKA

- Long Baseline accelerator: T2K, NOVA...Neutrino Factories
- 813

- m, , m; Mass Hierarchy:
- Study Matter Effects

- CP Violating Phase &:
- Must have large 6,, B B
-Compare v, =V, and vy, >y,
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v, = Vv, oscillation experiment

——

A. Cervera et al., Nuclear Physics B 579 (2000) 17 — 535, expansion

to second order In qz.ﬁ.ﬁ.%z
A, A
Plv,>v,)=FE+F+F+F
: - (A,Y . B st ion: 6,
P=sm @, sm 6, —=| sin"— « 1 Generation: 6.,
: & 2 5
_ Ao Matter
2 e
) : A i ] o _—I_L F - ;
P, =cos’@,sm’ @, | i‘ Shi 2E, Effects:
‘ ) A=-/2G,n Mass
A AL NA, AE AL _BE « | Hierarchy
P, =Jcos | ; H BU cos —>—Sin—sin— B, =|A+A_|

— + ¥ & . =3 ) & |
J=cos@,sm20,sm?20_sm?2@.

AL . AL . BL

_ Ay Y| Ayg |
P,=Jsmné f H S
\ ‘ = N ) /

| ®,, must be finite to enable CP violation measurements I
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- Dirac or Majorana (Majorana Phases)

- Double Beta Decay

- Observation implies Majorana neutrinos if CPT is good.
- Effective Mass inferred depends on Majorana phases

l(m)‘ = ”(_fdrmT U, L., m, I

- Next generation experiments could getto ~0.05 eV i.e. w"jmim

I - Mass scale l

- Tritium Beta Decay
[(m)[ - l[fdl;ml . U .| m, l

- Next generation experiment (KATRIN) could get to ~ 0.3 eV: (Overall mass scale 77?)

2 _ 2
[, ) ft"__fg
e m, + e

Z

U,

m2+
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- Dirac or Majorana (Majorana Phases)

- Double Beta Decay

- Observation implies Majorana neutrinos if CPT is good.
- Effective Mass inferred depends on Majorana phases

()| = |[U [ & gy
el 1 €

- Next generation experiments could getto ~0.05 eV i.e. W"'Amitm

l - Mass scale |

= Tritium Beta Decay
[(r::)[z |(1l m - U | m, [

- Next generation experiment (KATRIN) could get to ~ 0.3 eV: (Overall mass scale 77?)

2 i 2
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({7 £
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4

m2+
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New International Underground Science Facility
At the Sudbury site: SNOLAB

Proposal ($ 38M) funded by Canada Foundation for Innovation, 2002
Further Support: ($ 10 M)

Northern Ontario Heritage Foundation, Ontario Innovation Trust, FEDNOR

To pursue:
» Future observations from a possible SNO+ detector
» Solar Neutrinos
» Geo - neutrinos
» Supernova Neutrinos
» Reactor Neutrinos

» Dark Matter (WIMPS)
+ Measurements of nuclear recoils with ultra-low background

* Double Beta Decay:

« More accuracy for neutrino masses.

» Are Neutrinos Majorana particles? a8

» Leptogenesis... @

irsa: 05030145




The New SNOLAB




Surtace facility as of March 11, 2005
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Letters of Interest for SNOLAB

Solar Neutrinos:
Liguid Ne: CLEAN (also Dark Matter)

Liquid Scintillator: SNO+ (also Double Beta Decay. Reactor Neutrinos, Geoneutrinos,
Supernovae)

Liquid Helium (also Dark Matter)

Dark Matter:

Silicon Bolometers: CDMS

Liquid Xe: ZEPLIN, XENON

Gaseous Xe: DRIFT

Freon Super-saturated Gel: PICASSO

Timing of Liquid Argon Scintillation: (DEAP)

Neutrinoless Double Beta Decay:

Ge Crystals: Individual crvostats (Majorana) or Large Liquid Nitrogen bath

Liquid Xe: EXO

CaTE"COBRA Faze R




2

"SNO+| (Fill with Liquid Scintillator)

Principal Investigator: Mark Chen, Queen’s

|
|

[
I

« SNO plus liquid scintillator — physics program
— pep and CNO low energy solar neutrinos
» tests the neutrino-matter interaction, sensitive to
new physics
— geo-neutrinos
— 240 km baseline reactor oscillation confirmation
— supernova neutrinos
— double beta decay?
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Low Energy Solar Neutrinos

« precision survival probability = S i
measurement: pep o Nestrine Spectrum (s16)

* observe rise in survival
probability at lower energies:
lower energy °B, 'Be, pep

+ testing the vacuum-matter
transition Is sensitive to new

physics

Flux {om™® &)

e T e e B e B T T e RS
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Low Energy Solar Neutrinos

« precision survival probability o B e
measurement: pep o

* observe rise in survival
probability at lower energies:
lower energy °B, ‘Be, pep

« testing the vacuum-matter
transition is sensitive to new

physics

Neutrino Spectrum (=1o)

Flux {em™ %)

e T e I e T B e RS

£ £

“*Vacuum Oscillation from Bahcall, Pefia-Garay
o.6 B < cos20,,
a® 7 ze, . \
i B=17
vira~ O,
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Low Energy Solar Neutrinos

« precision survival probability o .
measurement: pep o Nestrine Spectram (+10)

- observe rise in survival ol
probability at lower energies:
lower energy °B, 'Be, pep

+ testing the vacuum-matter
transition Is sensitive to new

physics

Flux {om™® &)

e T e B B e R T T R el

_\Jm' cos 26 + \ '_)(,'I_..\'r %i:- sin 26
._‘11"‘1' sin 2¢ ﬁ?-.—tfuh 26
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Low Energy Solar Neutrinos

« precision survival probability ﬂi/”?- B e
measurement: pep o Mestctan Spastrums (216)

* observe rise in survival
probability at lower energies:
lower energy °B, 'Be, pep

» testing the vacuum-matter
transition Is sensitive to new

physics

Flux {om™® &)

e T e B e R T e R R

F_ )

“*Vacuum Oscillation from Bahcall, Pefia-Garay
O.5 B = coszOe,.
a® I - = sin"2©,, \
o B=/r
sire O, .,

Pirsa: 05030145 Maﬁer Eh anceme nt Page 57/81




Low Energy Solar Neutrinos

« precision survival probability w e S
measurement: pep o Nestrine Spectrum (s10)

* observe rise in survival
probability at lower energies:
lower energy °B, ‘Be, pep

+ testing the vacuum-matter
transition Is sensitive to new

physics

Flux {om™® &)

T T B R B e R T e Tl .
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Low Energy Solar Neutrinos

« precision survival probability ﬂfv/’? B
measurement: pep o Nestrine Spoctrum (216}

» observe rise in survival
probability at lower energies:
lower energy °B, ‘Be, pep

+ testing the vacuum-matter
transition Is sensitive to new

physics

Flux {em™ &%)

e T e B e e R T B

For

“*VYacuum Oscillation from Bahcall, Pefia-Garay
.5 B = cos20,,
== I - —:_r;- .'ci.rr'-.:'(-]r.: \
i B = 7
.5'1'.!1:9

F
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Survival Probability Rise

__Solar Neutrino Survival Probability |

SSM pep flux: s
uncertainty £1.5% oss Am2 =8.0 x 107 eV2
- s = 26 —
allows precision test  ° f~ =~ t@an=0.45
-
04— B
'ransition from matter to vacuum mg_ S e
Jdominance...test the extrapolation ==t |
of the “simplest neutrino oscillation “g_ SNO CC/NC
model” coupled with solar models *®t
= b= e 8 0 12 14 6 18 20
sensitive to new physics: sevar 1 1713000 i
 non-standard interactions
* mass-varying neutrinos ey

« CPT violation
Plgal&E@e E} 13
» sterile neutrino admixture
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DISTORTIONS FROM:

Non-Standard Interactions?
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Survival Probability Rise

__Solar Neutrino Survival Probability | LMA Solution
SSM pep flux: s
uncertainty +1.5% ME Am2 =8.0 x 1075 e\/2
- - Y —
allows precision test ° f~_  t@n9 =045
045 By
_ 04 S
‘ransition from matter to vacuum B = —_
dominance. . test the extrapolation ~ - e ——— |
of the “simplest neutrino osciilation “g_ SNO CC/NC
model” coupled with solar models *®t
B I s e s e e e e e B
sensitive to new physics: R V]
« non-standard interactions

* mass-varying neutrinos
« CPT violation

Pi%a:lﬁ)E@le 3, 13 Page 62/81
» sterile neutrino admixture
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Event Rates (Oscillated)

‘Be, pep and CNO Recoil Electron Spectrum

=
249" L'Be solar neutrinos
> P
= F e
o i
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w Ip i
=10 = —— |
& E T L pep bump
s =
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107 - e 1 |
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pep Solar v Backgrounds

« 1C cosmogenic production

— 1, = 20 min makes this difficult to veto at shallower depths

— positron decay guarantees >1 MeV energy deposited, right in the
pep v—e~ recoll window

— but at SNO depths, muon rate is small enough to allow easy
tagging (or even tolerate this background without veto)

« CNO neutrinos are a “background”

— good energy resolution desired to see clear “recoil edge” for
monoenergetic pep v

— clearly interesting, for astrophysics, first cbservation of CNO v ?

» radiopurity requirements challenging
— |*%K, 2'9Bj (Rn daughter)

— Kr, #'% 0 (seen in KamLAND) not a problem since pep signal is
at higher energy than 'Be

rzosoxes ) Th not a problem if can achieve KamLAND-level purity Page 64181




Antineutrino Geophysics

- can we detect antineutrinos
from p—decay of U and Th In
the Earth’'s mantle and crust?

- knowing Earth's total
radioactivity would be very
iImportant for geophysics
— understanding thermal history

of the Earth

— thought to account for ~40% to
100% of Earth’s total heat flux
(i.e. poorly constrained)

— dominant heat source driving
mantle convection

- how much in the mantle and
_the crust?

V. Tp—€ £n
delayed coincidence
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Geo-Neutrino Signal

errestrial antineutrino event rates:

» Borexino: 10 events per year (280 tons of CgH,,) / 29 events reactor
« KamLAND: 29 events per year (1000 tons CH,)

» Sudbury: 64 events per year (1000 tons CH,) / 87 events reactor

\ :‘il:—- — mrackor reatnros
2 m 2ec noutimcs
'4:~: = acicenrals
= 25 — - E /
g Rothschild. Chen. Calaprice L
g o (1998) : o
; Pa (U chain]. ZAc +*8i (Th chain 5 of |
- = S b ZoMeV (il AND data
t 15 é "-‘.E mabvws B asiad : ::-:_:i:;:::;lh
g “48i {U chain} Z 2 e
@ 10 F ' =9t 107V
- il = —
] Nuclear Reactor Background ; -
31 S - 10E +: '
G LLIAl ll!.l.l'l|J.J.I.I.I..I.I.J.LLI‘.I..I_I.J.I.I.£L.L 1 Fé + E
® 2 2 3 & 5 & T s & 9N 5 :

Positron Deposited Energy (MeV) "

Prompt Encrgy (MeV)

~akaye plot for Borexino... geo/reactor ratio KamLAND:
at Sudbury would be twice as high 13C(a,n) a problem?
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Supernova Neutrinos

« 1 kton organic liquid scintillator would
maintain excellent supernova neutrino
capability
—v.tp [large rate]
— v, + 12C (CC)

— v+ 12C (CC)
— v, NC excitation of 2C (NC)

— v, + p elastic scattering (NC) [large rate]
see Beacom et al., PRD 66, 033001(2002)

Overall 400 events for a supernova at galactic center

Pirsa: 05030145




SNO+... An Extension of SNO Science

* new physics in a timely way.
* lower energy °B and pep are a great opportunity to test
the neutrino-matter interaction

» SNO+ is well positioned to make these measurements
(depth, geology, appropriate distance to reactors, low
backgrounds)

* requirements
— liquid scintillator procurement (interaction with acrylic)
— mechanics of new configuration (density of LS)
— Acrylic Vessel certification
— fluid handling and safety systems
— scintillator purification
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— Two Neutrino Spectrum
= Zero MNeutrino Spectrum
1% resolution

NZ¥=100" IO

0o
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Measuring Effective Mass

Mg = |25 Ugi® my

— 2 2 2iax 2 i 2ip <
my, = |m, cos*8,,cos?8,, + m, e cos’8,,sin*0,, + m, e-F sin?0, |
Er— — -
Va Va 90% CL (1 do
i ‘ S > f {K!ﬂ dor et al)
g apdor et a
Am‘atm ! \ﬁmz sclar =z lr .
Eg 10"
= 2
- 8 Amatm
s I 0.05 eV
L : 102

normal hierarchy inverted hierarchy ggo2ev |

102
ey requirements: Mass, > ~ 200 kg

Very low backgrounds, Good resolution

10 10 107 10
Lightest neutrino (m,) in eV
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Example: Majorana

« 200 kg enriched 86% °Ge

* many crystals, each segmented

+ advanced signal processing

» require special low background
materials

+ need deep underground location

« effective low background shielding

(active?...Liquid Ar?) e
12-SEGMENTS
SEGMENTED DETECTOR
Few keV resolution at Qgs = 2039 keV (E-EXTERNAL X 2INTERNAL)

known technology = should be few surprises

sensitivity to few 1027 years SoG) o
m, ~ 005 eV =2 -

i 30E CHANNELS
I CENTER CHANNELS
TOTAL =8 FREAMFLFERE Page 71/81

irsa:

=0 US, Canada, Russia collaboration



Majorana
Use pulse shape discrimination

- _|T e ._... 3

site electroformed copper

multi-site
background

sonrce B B after bke. 1‘i‘j. B after add. det. SECI.
L L3 cis 10 2cts
eV .ke-v keV-ke-v keV -kev
ext. v from “®TIl. 25U I 0.4 0.2
ext. neutrons < 0.05 < 0.03 < 0.02
ext. muons < 0.1 < .05 < 0.03
mternal “Ge 12 I.1 0.3
mternal “'Co 2.5 (0.8 0.2
““Rn in LN/LAr 0.2 < 0.1 < 0.1
pisa: 05030145~ L1. — L in holder mat. <1 < .l < 0.1 Page 72/81
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Example: Majorana

« 200 kg enriched 86% °Ge

*« many crystals, each segmented

+ advanced signal processing

» require special low background
materials

+ need deep underground location

« effective low background shielding

(active?...Liquid Ar?) T
12-SEGMENTS
SEGMENTED DETECTOR
Few keV resolution at Q,; = 2039 keV (S-EXTERNAL X 2NTERNAL)

known technology = should be few surprises

sensitivity to few 1027 years Ced) omemm
m,~ 005 eV S

i 30E CHANNELS
I CENTER CHANNELS
TOTAL =1 PREAMPLFESE  Page 73/81
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» 10 ton gas or liquid TPC filled with enriched *®*Xe (80%)
- Bp decay produces **Ba**

‘measure electrons with TPC

-tag Ba to eliminate backgrounds (optical spectroscopy)
-purify gas/liquid in-situ

*in principle easily scalable

Isotope Detmass Enrich. Eff. Measur.  Background T8 <m> (&V)
(kg) (%) (%) time(yr) (yr) QRPA NSM

138Xe” 1000 80 70 5 O+18events 83"0% 0051 014
1%6Xe™ 10000 80 70 10 0+55events 13"™0% 0013 0037
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SNO++ (Nd Double Beta Decay)

Ov: 1057 events per [ The Simulated Spectrum of Double Beta Decay Events

W

]

r

W
=
=]

year with 1% natural
Nd-loaded liquid
scintillator in SNO++.

N
3

S
I]FII.’[II]I1III[IIIIII!IF]IFII

Simulation
assuming light
output similar to
Kamland.

Events per 15 keV per Yea
S
[=]

100
li-FBi

Very preliminary - v T

simulation: e

one year of data . Bmoa e by x|

m,=0.15 eV wa sl s Enco SIS0
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Direct Measurements of Dark Matter

Figure: Angel Morales

Incident WIMP
Scattered WIMP

risz: sz @trons can be a major problem. but at SNOLAB, this background-ise::
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