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The SNO+ experiment

Multipurpose neutrino detector:
* Search for Ov[3[3 (primary goal)
* Solar neutrinos

e Antineutrinos (reactor, geo)

2 km underground
in active Ni mine

e Supernova watch + exotics
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The SNO+ detector

Acrylic vessel 6 m radius

~9300 PMTs

Ultra-pure water buffer 2.5 m (7 kt)

Liquid scintillator (780 t):
LAB + PPO (2.2 g/L)
BHT (5.5 mg/L) + bis-MSB (2.2 mg/L)

Radiopurity: 2384 x 101 g/g, 23°Th5x 101 g/g
E resolution: 6.5% @ 1 MeV to 5.3% @ 1 MeV
Pos. resolution: 12 cm (x,y, z) @ 2.5 MeV
Overburden: 6000 mwe (~70 p/day)
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The SNO+ detector

Acrylic vessel 6 m radius
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| ~9300 PMTs

Ultra-pure water buffer 2.5 m (7 kt)

Liquid scintillator (780 t):
LAB + PPO (2.2 g/L)
BHT (5.5 mg/L) + bis-MSB (2.2 mg/L)

Novel scalable Te loading:
Initially + Te (0.5%)-ButaneDiol + DDA (0.2%)
Increase to 1.5% loading
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Talks by S. Andringa,

The SNO+ experiment D. Cookman

Water phase Partial-fill phase Scintillator phase

Ultra-pure water Covid pause: Full scintillator:
370t LS + PPO (0.6 g/L) 800 t LS + PPO + bisMSB
Detector calibration, Measure scintillator Characterize scintillator
measure external backgrounds backgrounds and backgrounds
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Talk by T. Kroupova
Poster by B. Tam

Tellurium phase

Initial Te loading:
0.5% by mass

Ovpp search

Loading to begin
end 2025



. Talks by S. Andringa, Talk by T. Kroupovad
The SNO+ eXpeI’Iment D. Cookman Poster by B. Tam

Water phase Partial-fill phase Scintillator phase Tellurium phase

Ultra-pure water Covid pause: Full scintillator: Initial Te loading:
370t LS + PPO (0.6 g/L) 800t LS + PPO + bisMSB 0.5% by mass
Detector calibration, Measure scintillator Characterize scintillator
measure external backgrounds backgrounds and backgrounds Ovpp search
Physics includes first detection Physics includes initial Physics includes solar 8B flux +
of distant reactor vs, solar 8B flux, reactor v oscillation oscillations, first solar CC on 13C, Loading to begin
invisible nucleon decay search measurement, antinu reactor oscillation + geo flux, end 2025
event-by-event solar v supernova monitoring
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.091801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.091801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.122003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.032008
https://link.springer.com/article/10.1140/epjc/s10052-024-13687-5
https://link.springer.com/article/10.1140/epjc/s10052-024-13687-5
https://link.springer.com/article/10.1140/epjc/s10052-024-13687-5
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.072002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.072002

PhYSiCS Wlth antineutrinos Reactor oscillation measurement
Geo-neutrino flux

Am?21; sensitivity similar to KamLAND
(higher than that from solar neutrinos)
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Expected Events / 0.1 MeV / Year
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e Three years livetime to reach
KamLAND precision on Am?,,

e Third measurement of geo-neutrino
flux (after KamLAND and Borexino),

~60% of antinu flux from CANDU reactors at 240 km and 340-355 km first in North America

~40% from other North American reactors + geo neutrinos

Talk by S. Andringa (Tue)
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Events / MeV

Physics highlights antineutrinos

Partial scintillator fill

Water phase

Data
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First detection of

distant reactor vs
PRL 130, 09180 (2023)

190 days (2017-2019),
2 independent
analyses, 3o evidence

Partial fill 130 days
(144 t-yrs) (2020)
EPJC 85, 17 (2025)

Dominated by a-n
background from 21°Po
Oscillation parameters
compatible with
KamLAND and solar
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Submitted for publication
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Physics with solar neutrinos
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MSW Matter effect in Sun & Earth + Vacuum Osdillations ‘
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Primary Detection mode:
Neutrino-Electron Elastic Scattering



Measured Interaction Rate / kTDay / 1 MeV

Physics highlights solar neutrinos
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Counts/5y/20keV bin
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OvpBp search with 139Te

SNO+ will look for OvBf3 events
at the endpoint of the double
beta decay spectrum

I OvBP (100 meV)
. W 2vBp
ROl | [ (%n)
i M U chain
I Th chain
[ External
I °B vES
[ Cosmogenic

2.3 24 20 2.6 27 2.8 29 3

Reconstructed Energy (MeV)
ROI: 2.42-2.56 MeV [-0.5s - 1.55]

FV: 3.3 m radius

External 'y
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Talk by T. Kroupova

this afternoon

Backgrounds 9.47 counts/yr (1.21 in ROI)
3 years with initial 0.5% Te loading
- Ty, > 2 x10% yrs (90% CL)

Cosmogenic 88 v ES

Internal U chain
Internal Th chain

5 years with increased 1.5% Te loading

> Ty, > 7.4 x 10% yrs (90% CL)



Future prospects

SNO+ exposure easily increased by adding more Te with improved loading techniques

Increasing loading to 1.5%

1000 76Ge 130Te 136Xe 'E "3.5 OCDFT 1 XTeBD1 + DDA, Zg/L PPO
g =127 o ©QRPA-FFS 09 O OTeBD2, 2g/L PPO
3 E S OQRPA-JY 0) O ®TeBD2, 6g/L PPO
é §> mQRPA-Tu T 08 O
Gi @i | oQRPANC =
: XIBM2 % 0.7 X @ ®
- 100 - : AISM-Tk 2 X o
% ) - = O AISM-INFN o 06 X 8 [ )
= <= | 8§ &g g : | ecem % [ JPS
= 3 E S8 E|8 < ‘ E 0.5
= =t =zl E|5 k|3 | = = ©
. =o 8 S|= K| | o) (]
E gl o|ld S i ° r 04 X O
s © 1 : E) o 8
10 s : -
I T 03
1 b >-‘ X ‘
! : ] +
' S g 02 X!
= L} $ . . v ()
. || = 55 e 1= i "R —
wl—wlle 1SR sl e 0.1
5 S | A ) el a: al
= (=112 w g a = L-H =
1 ] IR | S B N R 0
1011 1012 1013 0.1 1 10
T Ov X G'Ov Percent Loading (by weight)
Y

E. Falk, U. of Sussex, WIN 2025

12



Conclusions and outlook

* SNO+ is publishing results as a liquid scintillator experiment and is getting
ready to tellurium for the Ov[33 search

* Major backgrounds characterised and on target for Ovp3 search
* More solar and antineutrino data collected and being analysed
» Supernova monitoring with SNEWS

« SNO+ aims to reach KamLAND precision on Am?,, with 3 years’
livetime, searching for solar antineutrinos, ultimately to have world
leading Ovpp sensitivity in 39Te



