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The SNO+ experiment
at SNOLAB
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The SNO+ experiment

* /80 tonne liquid scintillator
(LAB + PPO)

% Surrounded by 9000 PMTs

% Nd-loaded at 0.1-0.3%
(780-2240 kg of natural Nd)

* \Water shield:
1700 + 5700 tons UPW

* Urylon liner

* New rope system to hold
down the 12 m diameter
acrylic vessel
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Linear Alkyl Benzene (LAB)

* Solvent: Linear Alkylbenzene (LAB)

: Petresa plant

PETRESA CANARDA

Linear Alkylbenzene

* ChemICa”y COmpat|b|e ; Decxygenated alpha
with acrylic, high purity achievable A SN
* Low toxicity, high flash point (130° C) g % S
2 1w '
* Environmentally safe R
\ . | . s ||
* Readily available — used in the production s (3
of detergents 4

* Fluor: 2,5-Diphenyloxazol (PPO)

NIM A640, 119-122 (2011) Tlme [ns]

©/~oj\© £ ] et I
8 | Ouygenated aiph |
% IIIII Deoxygenated alpha |
* Concentration of 2 g/L ém [ F
at the optimum between light yield and o |
self-absorption. S u | | J| 1
High light yield (~10,000 p.e./MeV) ! TYP— L0 o1, &, 1 M %

" Peakftotal ratio’
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The SNO+ physics goals




OvBP decay with ™°Nd

Isotope of choice: °°Nd

* Largest phase spaceof E] ¥
all OvBP isotopes L
* High 3.3 MeV end-point 4—

%* 5.6% abundance
* Relatively cheap

L 96Zr TH
82Se

(T ]
T

Q value (MeV)
T
- é

L 116Cde

130Te

2.5- ®
% Demonstrated to be o ”:‘:ﬂ
in solution in LAB 25 660 °
for over 3 years at (S N
high concentrations S e e

BETTER

SNQ
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| Effect of Nd Concentration on Light Output
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-1 ! ! T R R T T T
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WAVELENGHT (NM)
Expect optimal loading @
0.3% (131 kg)

P B P R
350 450

Run initially @ 0.1%(44 kQ)

* 0.1% loading:

400 p.e./MeV
(6.4% FWHM resolution @ 3.37 MeV)

* 0.3% loading:
200 p.e./MeV

(9.0% FWHM resolution @3.37 MeV)
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OvBP sensitivity

% 0.3% loading of 1°°Nd g 0 Fiectve mass: 350 mey
% Nuclear matrix element: s 360 0vBB events
IBM-2 -
(Barea & lachello, Phys. Rev. C 79 (2009)) G N ey
(matrix element 2.5, phase space factor 2.69 x 10713) 102_ ”r |
* Fiducial volume: 50% TR RO
* 80% livetime e
- > < 300
* Main backgrounds: Ec f | o4 0% P @37 W
% Solar ¢B iR —_
T8 2000 Z -
% TO0Nd ZVBB ot | i
% 214B; 8 " E
(tagged and removed 99.98% efficiency) & 'f E
% 208T] T e e RN T

Data taking time (year)

SNQ

(tagged and removed 90% efficiency)
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Supernova neutrinos

POSSIBLE REACTIONS IN SNO+ FOR A 3-10° ERG SN @ 10 KPC

Anti-neutrino reaction Exp nr of events

Vet € —Vet € 3
Vet € —Vet € 3
Vp,'r+ e__)Vp,T‘F e 4
Vutt € —Vurt+ € 2
A careful design of
+
cdzs Dl R 263 calibration hardware
Vet 2C—12N+ e 27 and operational
1o 19 x procedures should allow
R e SR s / a semi-automated
Vx+ 2C—12C*(15.11MeV)+ Vi 58 response in the long
run.
Vx+ Pp—Vx+ P 273

SNO+ electronics will be upgraded and
therefore able to handle very high data rates.

(Special SN calibration source is being developed to test the DAQ) S N@
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SNOLAB is very deep: very low muon flux, and thus insignificant "'C background
* Precise measurement of pep flux

e CNO neutrinos S N@
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Other physics with SNO+

REACTOR NEUTRINOS

L
SNO+ is situated 240 km from one § ::_ ::,J.H::" o
6.3 GW station (as of 2012) and 340 km E - | P —
from two ~ 3.3 GW stations. "E Tﬂg_ {mars than 700 km)
Expect about 90 events/year (oscillated). £ *F
= 50—
GEO NEUTRINOS f |
30—
20
10:
% 'y 2 3 4 5 6 7 8 s 0
E, (MeV)

-
< soF- Geo-v in SNO+
; 705_ U & Th Chain
* geo-neutrinos 8 F | o e
. > - : Q = S
in Sudbury from: 2 % o Goo-v+ R
40
mantle g ;
old, thick continental crust S Nuciear Reactor Background
% local region is being ok
. . . -
studied in great detail %EMJ;JJJJ_@L gl Fuiiadine (00

T 2 3 & €% ¢ T "% 9 1

% reactor/geo-neutrino ratio: e
0.9 (4.4 for KamLAND) S N@
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Status & outlook
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SOME HIGHLIGHTS OF THE REFURBISHMENT OF SNO
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Calibration programme

* Comprehensive programme with ~ CHERENKOV SOURCE

81i source + radiator

sparse deployment of source to
minimalise the risk of 2°°Rn
contamination

* Development of a large nhumber of

calibration sources:

AmBe (n, y), N (y), #*Na (y), “°Sc (y), >"*°Co (y),
S Z k) =NE(B)

* Development of several optical
sources:
internal laserbal, external LED/laser .} >
injection system with 92 injection .-
points distributed over the PMT sLi: B, 10 MeV endpoint
support system, Cherenkov source SN @
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Timeline

%* 2012

* Finish work In cavity

* Process system construction
* 2013

* Water phase

% Scintillator filling
% 2014

* Nd-loading

% Double Beta Decay phase

SNQ
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Conclusions

* SNO+ is a multi-purpose neutrino detector:
rich physics programme

% Double beta decay measurement with >°Nd

* Sensitivity to the effective neutrino mass down to
100 meV at 90% C.L. after running for 3 years

* Data taking will start in 2013

SNQ
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Backup slides




Solar neutrino physics

* SNO+ has prioritised Ovf3.

*

Radon daughters have accumulated on the surface of the AV
over the last few years in a significant way. If these leach into
the scintillator, the purification system has the capability to
remove them.

However, depending on the actual leach rate, that removal
might be inefficient and the 2'°Bi levels in the scintillator too
high for a pep/CNO solar neutrino measurement without
further mitigation.

Mitigation could include enhancing online scintillator
purification, draining the detector and sanding the AV
surface to remove radon daughters, or deploying a bag.
Double beta decay and low-energy 8B solar neutrino
measurements are not affected by these backgrounds.

SNQ

SJM PEETERS, NOW 2012 21




