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IN THIS TALK:
- The SNO+ detector 
- Results from water phase: 

- Invisible nucleon decay searches 
- B8 solar neutrino flux measurement 
- External background measurements 

- Prospects of SNO+: 
- 0νββ predicted sensitivity 
- Precise solar neutrino measurements 
- Detector status



SNO+ 
APPARATUS

~9500 PMTs (54% optical coverage)

6m-radius, 10cm-thick UVT acrylic vessel

~2km depth 
(~6km.w.e) 

~3 muons/hour

Clean room class 2000

Ultra-pure water 
buffer
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WATER 
PHASE

SCINTILLATOR 
PHASE

TELLURIUM 
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PARTIAL 
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PARTIAL 
PHASE2016

We are 
hereMay 2017 → Water  

phase started

Dec. 2016  
Started taking 

commissioning 
data

2019 → Scintillator 
fill starts

GEO & REACTOR NEUTRINOS

SOLAR NEUTRINOS

0νββ milestone: measure external 
backgrounds

0νββ milestone: measure internal 
backgrounds

SOLAR NEUTRINOS

0νββ

SNO+ 
TIMELINE

2017 2019 ~2020

~780 tonnes of LABPPO scintillator 
+ ~4 tonnes natural tellurium (34% 130Te)

NUCLEON DECAY
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SNO+  
CALIBRATION
Used calibration sources: 

- Diffused isotropic laser → Calibrate PMT 
gain, timing and water optics 

- 16N → Calibrate energy scale and angular 
resolution 

- Cherenkov source → Decouple optical 
microphysical parameters in scintillator and 
Te phase 

- External LED/Laser system → Further 
calibrate PMT and optics. Reduce risk of 
contamination due to source deployment

External laser event

External LED event



NUCLEON DECAY 
SEARCHES

PHYS.REV. D 99, 032008 (2019)
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model-independent search
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SNO+ WATER PHASE IS SENSITIVE TO 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γ

γ
γ

γ

γ
γ

15O* and 15N* 
gamma lines

14O*, 14N* and 14C* 
gamma lines

AX → A-1X* + invisible particle 
A-1X* → A-1X + γ’s

ONLY ~55 BACKGROUND EVENTS/YEAR 
AFTER SELECTION (ABOVE ~6MEV)

- SK has world-leading limits 
for visible nucleon decays 

- Invisible nucleon decay 
(e.g. N→3ν) yields de-
excitation gammas above 
radioactive backgrounds 

- We performed a 
model-independent search
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Neutron decay — Best fit Proton decay — Best fit

Energy distributions
22 EVENTS SELECTED [17.65+14.25-3.00 EXPECTED]

Observables: 
- Energy 
- Radial event position 
- Sun direction 
- Light isotropy 
- Event direction

UNCERTAINTY IN ENERGY RESOLUTION IS THE DOMINANT SYSTEMATIC

SOLAR NEUTRINOS ARE THE 
DOMINANT BACKGROUND 

CONSTRAINED BY SUPERK



NO SIGNAL DETECTED → SET 90% C.L. LIFETIME LIMITS

[Kamland]
[SNO]
[Borexino]

[Kamland]
[*]  

[*]

235 days-worth of data → currently x2 data available 
[new analysis in preparation]

PHYS.REV. D 99, 032008 (2019)

Improved limits



SOLAR NEUTRINOS  
IN WATER

PHYS.REV. D 99, 012012 (2019)
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PHYS.REV. D 99, 012012 (2019)

VERY LOW BACKGROUNDS 
→ SOLAR NEUTRINOS PEAK CLEARLY VISIBLE



EXTERNAL BACKGROUNDS 
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MEASUREMENT/EXPECTATION RATIO: 
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Above equator Below equator
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0νββ WITH TELLURIUM-130 IN LABPPO

Natural abundance (%)

Q
 V

al
ue

Phase space

130TE
1) Long 2νββ lifetime 
2) Q value ~ 2.5MeV 
3) 34% natural abundance 
4) Phase space around average

LAB

PPO 2g/L

1) High light yield 
~10000ph/MeV 

2) Long attenuation length (~20m) 
3) α/e pulse shape 

discrimination

Use DDA to stabilize mixture

COCKTAIL LOADED AT 0.5% NATURAL TELLURIUM →  

~400 PE/MeV → ~3% ENERGY RESOLUTION @2MeV



EXPECTED BACKGROUND
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BACKGROUND REDUCTION TECHNIQUES
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SENSITIVITY
SNO+ 5 YEARS: 

T1/2 > 2.1 x 1026 YEARS 
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SENSITIVITY
SNO+ 5 YEARS: 

T1/2 > 2.1 x 1026 YEARS 
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SNO+ PHASE II: 
1) 4% TE 

2) INCREASED LIGHT YIELD

Source: PDG18

Reconstructed Energy (MeV)
2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3

C
ou

nt
s/

5y
/2

0k
eV

 b
in

0

5

10

15

20

25

30

35

40
 (100 meV)ββν0
ββν2

, n)α(
U chain
Th chain
External

ESνB 8

Cosmogenic

Expected energy distribution  
with nominal backgrounds

REGION 
OF 

INTEREST



SOLAR NEUTRINOS  
IN LABPPO



SNO+ HAS POTENTIAL FOR PRECISE 
SOLAR NEUTRINO MEASUREMENTS
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- Solar neutrino experiment 
with lowest levels of 11C 

- Favorable scenario for precise 
PEP measurement and first 
CNO measurement 

- Sensitivity highly depends on 
210Bi background level

FV radius = 4.75m 

~95% alpha rejection 

~98% 212/214Bi tagging  
through BiPo coincidence

REGION MIGHT BE DOMINATED BY 210Bi 
FROM LEACHING. NOT YET MEASURED.



- Nitrogen cover gas installed → Currently registering the lowest external 
backgrounds since we started 

- Scintillator plant commissioning finished → Filling vessel with scintillator and starting 
assessing internal background levels. Schedule delayed due to leaks search and 
repairs in scintillator plant. 

- Tellurium purification plant commissioning ongoing → Done by beginning of 2020.

TELLURIUM STORED UNDERGROUND → COSMOGENICS ‘COOL DOWN’ 

DETECTOR STATUS



SUMMARY

- SNO+ completed its water phase: 

- Two physics analyses completed: invisible nucleon decay and solar neutrinos 

- Measured external backgrounds 

- More analyses to come: neutron production, anti-ν, etc.  

- SNO+ started pure scintillator phase: 

- Low energy solar neutrino physics 

- Reactor and geo-neutrino physics 

- SNO+ will start deploying Te by 2020 to search for 0νββ
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BACKUP



NUCLEON DECAY ANALYSIS DETAILS

Number of selected events

Background budget in water phase

Breakdown of impact of systematics uncertainties



SOLAR NEUTRINO ANALYSIS DETAILS
Event selection Systematics



BACKGROUND ANALYSIS REGIONS
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ANTI-NEUTRINOS 
DETECTION IN WATER



SNO+ IS ABLE TO DETECT NEUTRONS FROM AmBe SOURCE WITH ~47% EFFICIENCY
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