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Double Beta Decay

[decay : (Z,N) > (Z+1LN-D+e+V,
[Bdecay : (Z,N) > (Z+2,N—-2)+2e+2v,
Ovffdecay : (Z,N) > (Z+2,N-2)+2e
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Neodymium - °°Nd

L I R = T - ey ™

8% 150Nd =150Sm + 2e + 2v
T = 2.9x10%° year
- 5.6% 15ONd =1°9Sm + 2e
Q = 3.37 MeV
0% T T T T T T T T T = 7 year
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F. Avignone, Nucl. Phys. B (proc. Suppl) 143 (2005) mg;=40 meV

Isotope 48Ca | °Ge | 82Se | 199Mo | 116Cd | 130Te | 136Xe | 150Nd

T, (x10%y) | 30 23 | 94 | 3.3 13 3.9 58 | 0.29

V.A. Rodin et al., Nucl. Phys. A 766, 107 (2006) mg;=50 meV | 0-23
0.36




Sudbury Neutrino Observatory (SNO)

« 2092 meters deep underground

« 1000 tons of ultrapure hymd
dniatill2tovetendidmetear
canyhkteresgglic vessel

« 7000 tons of ultrapure H,O
as shield

« electronics, DAQ

understanding of oyetector L
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Scmtlllator In SNO

© ¢ PETRESA CANADA

Linear Alkylbenzene
°Carhon L HHHHHHHH

e compatible with acrylic, undiluted

* high light yield (because it's undiluted)

* Pure, light attenuation length in excess of 20 m at 420 nm
 high flash point (130°C) safe

* low toxicity safe

* low cost (relative to other organic solvents)

« smallest scattering of all scintillating solvents investigated

 Petresa Canada plant in Quebec makes 120 kton/yeatrr,
$1600 per ton delivered.




LAB and Fluor
. works fine with @2 ﬂ@

Standard fluors LAB-PPO energy transfer efficiency
— PPO, butyl-PBD, PPD

— 2 g/L concentration I[DI;)LC]) Method 1 | Method 2
works fine °
0

Method 1 (fluorescence emission 32 n/a 90.7%
method): measure the fluorescence 4 80% 80%
excitation and emission of PPO-LAB 5 .
solution; excitation at 318nm (LAB 2 2% 3%
excitation), integrate emissio_n range 1 60% 61%
from 320 to 550nm (PPO emission)

0.5 46% 55%
Method 2 (decay time method):
excitation at 250nm, emission 360nm, 0.25 35% 47%
measure the decay times of PPO_—LAB 0.1 230 n/a
solution, compare to the decay time of
pure PPO 0.02 5.6% n/a




Light Yield (100 % PC = 1.00)

Light Yield

Light Yield of Solvent-Dodecane Mixtures with 2 g/l PPO

—
~
T

—
b
T

—_—
I

<
(8e]
T

<
o

o
™~

o
ho

| —e—pC

—— PCH
—&— PXE
DIN
—&— LAB
DCB

Dodecane

| = KAMLAND
@ Anisole

e e e omom o ata e omomomomhomom o oa b omoaomoataoa ey e

0
10

| | |
20 30 40 50 60 70 8090100
Solvent Volume Fraction in Dodecane, %



Attenuation

% 107 Absorption Spectra of Petresa LAEs
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Decay Times of Scintillations

] Decay Times of Scintillators Excited by 250nm
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Nd Loaded LAB

ABS (1-cm pathlength)

—— Nd-LAB, 0.1% purified

0.010

— Raw LAB

— Doubledidtilled LAB
0.008 - —— Nd-LAB, 0.1%, unpurified
0.006 -
0.004 -
0.002 -

0.000 - 10m attenuatlon Iength
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Other Studies

+ Acrylic vessel holding structure

+ Long time stability of Nd loaded LAB with acrylic
+ Optics of Nd loaded LAB

+ Upgrade of electronic system

+ Modification of software packages, Monte Carlo



Energy Spectrum in SNO+
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Extract Number of Ov3B Events
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Discovery Potential
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Comparison

Enriched
Experiment Isotope isotope Ty (YI) <m,> (eV) Start Status
mass (kQ)
CUORE 130Te 203 2.1 10%6 0.03-0.07* 2011 Funded
GERDA phase | 6Ge 17.9 3.10% 0.2 -0.5* 2009 Funded
phase Il 40 2. 10%6 0.07 — 0.2* 2011 Funded
Majorana 6Ge 30 - 60 1.102%6 0.1-0.3* 2011 Funded
EXO-200 136X e 200 6.4 10%° 0.2-0.7* 2008 Funded
SuperNEMO 82Se 100 2. 10%6 0.05- 0.09* 2011 R&D
P 150Nd 100 10% 0.07
CANDLES 48Ca 0.5 ~0.5 2008 Funded
MOON Il 100Mo 120 0.09-0.13 ? R&D
DCBA 150Nd 20 ? R&D
SNO+ 150Nd 150 - 500 110%° ~0.08 2009-10 R&D
116Cd, 420
COBRA R&D

130Te
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Conclusions

+ The 1°°Nd is a good candidate for OvBp decay due to
large Q and favorable nuclear matrix element

+ The Nd can be dissolved into SNO+ liquid scintillator
with long term stability and good optics.

+ The large statistics compensate the relatively poor
energy resolution in SNO+. The sensitivity to neutrino
mass is comparable with other experiments

+ The SNO detector has been built. We could start
SNO+ soon.



