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“We recommend a targeted program of experiments to investigate

neutrino properties and fundamental symmetries”
-- NSAC long-range plan, 2007

1. A neutrinoless B program (p80)

2. Precision determination of oscillation parameters (p84)

3. Solar neutrinos (p90)

4. Reactor antineutrinos (p85)

5. Geoneutrinos (p90)

6. Neutrino probes of supernovae (p91) Gabriel D. Orebi Gann
for the SNO+ Collaboration

Fundamental Symmetries workshop
Chicago Aug 10th 2012
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1. A neutrinoless 8 program (p80)

Ovpp WITH SNO+

['=(T1)"" = Goy|Moy|*(m,)?

Natural

| MOV |
abundance

Isotope Qpp

37
150N d 1\3/1 :V 5% pEeubs | Wk

Sense and Sensitivity of B3 expts: arxiv/1010.5112

14
—=2nbb

~==208TI

—=214Bi

-8B

==0nbb signal region
==Sum

-
N

* Large

-
o

* Low bkg (deep, clean)

(o]

® Source in / source out
e Well defined background model

o

_—

Counts per 0.01 MeV bin per year
i-N

N

Ov[3f signal

o

29 3.1 3.3 3.5 3.7 3.9
Reconstructed Energy (MeV)

N
N




1. A neutrinoless 8 program (p80)

Ovpp WITH SNO+
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1. A neutrinoless 8 program (p80)

SNO+ 0vBB SENSITIVITY

0.1% Nd: 400 hits/MeV 0.3% Nd: 200 hits/MeV
44kg 132kg

)

-
(=]

- Fake data

—
QU
'y
o
w

—
=
)

Number of events

2

Events/50 keV/3 years

TTYY

-
o

s
-l
o
i

X 1‘:.‘..:‘.'3.1. ) | N L | s |, ) ) [ . deakad N o 8 1 e | TR ST Y A A
26 28 3 32 34 36 38 4 42 44 : 3 32 34 36 38 4 42 44
Energy (MeV) Energy (MeV)

i
102;
3
;
E..

.
<

w
(=]
(=]

L L e B B A

(=3
(=]

T

0.1% Nd (6.4% FWHM @ 3.37 MeV)

4

0.3% Nd (9.0% FWHM @ 3.37 MeV)

N

wn

o
N
g

— 90% CL
1
B 2

N
o
o

sgpp« limit (""vl»
o

—

v

o
-

-
[=]
(=]

.
=
o
Effective neutrino mass upper limit (meV)

Effective neutrino ma

Y P T Y 1]
2.5 3 35 4
Data taking time (year)

“1‘7"‘7‘]‘"T‘T‘f“l‘f‘."r‘"1‘7"‘7‘74"1‘Y"‘T‘

o
o

A | ket A
3 3.5 4
Data taking time (year)

s
-




1. A neutrinoless 8 program (p80)

STATUS OF THE FIELD
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1. A neutrinoless 8 program (p80)
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2. Precision determination of oscillation parameters (p84)
3. Solar neutrinos (p90)

SOLAR v WITH SNO+
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3. Solar neutrinos (p90)
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OTHER PHYSICS WITH
SNO+
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US CONTRIBUTIONS

Leadership Roles & Penn Sigadts MSU £ ‘M’ 'Lﬁiﬁ%
Scintillator Development
Electronics and DAQ

Calibrations




US LEADERSHIP ROLES

Outgoing SNO+ Executive Committee Chair & Penn
SNO+ Executive Committee Members

Analysis Coordinator

Multiple WG leaders
- Electronics & DAQ
PMT Calibrations

Solar Neutrinos

Data Cleaning
Database




SCINTILLATOR Siisast
DEVELOPMENT

First developed by SNO+ collaborators

¢ PETRESA CANROR

: : e -1 Linear Alkvlbenzene
In use in reactor & other experiments ‘ , e o

Chemically compatible with acrylic
High flash point, low toxicity
Readily available (used in detergent production)

Loading of metallic ions to few %, stable for 3+ yrs

NIM A 578 (2007) 329-339 £ f Oxygenated electron [
: : : = #l Oxygenated alph \
High light yield (10,000 v / MeV) | T—— N

Decay times: -3 separation




SCINTILLATOR
PURIFICATION PLAN

Multi-stage distillation N, / steam stripping
> Removes heavy metals » Removes Rn, Kr, Ar, O>

> Improves UV transparency

» Dual-stream PPO
distillation

Water extraction
» Removes Ra, K, Bi

Metal scavenging
» Removes Bi, Pb

Distillation  Water extraction

O el s o 4
—;mmrw—

Microfiltration
» Removes dust




ELECTRONICS & DAOQO )
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Y Max data rate for SNO: 2.4MBits/s |

SNO-+: 250 MBits/s *




ELECTRONICS & DAO
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ELECTRONICS & DAOQO )
FPernm Q2

Y Max data rate for SNO: 2.4MBits/s |

SNO-+: 250 MBits/s *

. Plus:
High rate/occupancy

P o bonrd dEE New interface board [} “#
=> need new trigeer board £ L
.gg. , CAEN digitizer board [ &
Low power dissipation 4= | ol
, Yy 5 New GPS §
Reduce deadtime g, Ry .
. FYSee LY receiver
Larger dynamic range
+ Auto retrigger
+ Remote crate disconnects
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CALIBRATIONS
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Electronics Calibrations

Charge pedestals
PMT hit time
PMT gain
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MONTE CARLO / ANALYSIS

o PMT hit timesg |

Verification using SNO MC




Verification using SNO MC

Microphysical detector response model
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Verification using SNO MC

Microphysical detector response model

bPhoton incident
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Verification using SNO MC

Microphysical detector response model

Solar v Analysis
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Verification using SNO MC

Microphysical detector response model

Solar v Analysis

10% pep in 1 year
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SNO+ SCHEDULE

2013
2011/2012 (completed)

Detector Upgrades:
Detector Upgrades:

Install process systems
Cavity work

Install hold-down ropes Physics:

Upgrade electronics Water-phase data (March)
Start scintillator fill (Oct)

2014

Commissioning:

First “air-fill” data taking
Physics:

Scintillator data (March)
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Back-up slides



1. A neutrinoless 8 program (p80)

ISOTOPE CHOICE
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Y. G. Kolomensky




20

Current DBD Experiments

Experiment Isotope Mass [kg] T2 [y] mgpp [meV] When
CUORE 130Te 200 2x1026 35-80 2014-2019
GERDA 76Ge 17 3x1025 180-500 2010-2012
40 2x 1026 70-200 2012-2014
1000 6x 1027 10-40 2015-2025
MAJORANA 76Ge 33 1.5x1026 70-200 2012-2013
1000 6x 1027 10-40 2015-2025
EXO 136X e 200 6x102> 130-190 2010-2012
1000 8x 1026 30-60 2015-2025
SuperNEMO 82Se 100-200 (1-2)x1026 40-140 2013-2019
KamLAND-Zen [136Xe 400 4x1026 40-80 2011-2013
1000 ~1027 25-50 2014-2016
SNO+ 150Nd 44-120 5x1024 80-130 2013-2016
500 3x1025 40-100 2016-2020

After A.S.Barabash, Phys.Atom.Nucl. 73, 162 (2010)

12/16/2011

Yury Kolomensky: CUORE and OVRf}

Approved R&D




NUCLEAR MATRIX
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SNO+ Potential

Phys Rev D82 033006 (2010)
+ additions

Pee for LMA
"Be: Borexino
Co m‘bined PP _ °B: Borexino, (> 3 MeV)
. ?g;exmo :B: Borexino (> 5 MeV)
B: SNO (>4 MeV)
pp: all solar v experiments

ee
Illlllllll

|

|

NOSNCON D )i\‘.\\

rexi
S Borexino

8B > 5MeV
(LMA) T
|

SNO+ SNO« k1A
bep * W0 %B > 4MeV
N\

Borexino 8F > 3MeV

llllll I

Survival probability for v_, P

(LMA+NSI )

_Illllllllllllllll

1 1




Isotope Choice

= e G
76Ge l@[:éf 7.8% 4.15 = 0.65 4.09 0.95 1.0
82Se 12;12% 9.2% 3.7§ £ 0.45 0.93 0.26 3.3
130 e 1\2437 34.5% 3.65 + 0.15 0.59 0.18 3.1
136 Xe li/[igf 8.9% 2.95 + 0.25 0.55 0.25 28]

150N d l\sflzzf 5.0% |1.85+0.55 0.13 0.15 3.3

Sense and Sensitivity of 3 expts: arxiv/r1010.5112



Isotope Choice

Isotope | Qpp ablj it(?ll:i:e Mol |G;V€|;/§)1025 (11;02:1}/72) Nljzz}/e)
76Ge K/'[:Q] 7.8% 4.15 = 0.65 4.09 0.95 1.0
82Se lz/f;% 9.2% 3.7§ £ 0.45 0.93 0.26 3.3
130 e 1\3[653%7 34.5% 3.65 + 0.15 0.59 0.18 3.1
136 Xe K/Iigf 8.9% 2.9§ + 0.2% 0.5% 0.25 28]

150N d 5.6% |1.85t0.55

Sense and Sensitivity of 3 expts: arxiv/r1010.5112



