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THE SNO+ EXPERIMENT A

Repurposing the Sudbury Neutrino Observatory (SNO) detector

1

2 km underground
~70 muons/day

Rope system
Hold-up and -down
Low Radioactivity

~9300 PMTs

Acrylic Vessel (AV)

12 m diameter Purification plant

Target Material

1. Water: 905 tonnes
2. LAB Scintillator: 780 tonnes

3. Tellurtum loading: +3.9 tonnes

Ultra-Pure
Water
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THE SNO+ EXPERIMENT

Solar Neutrinos

Supernova Neutrinos

+ exotics
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. Geo-Neutrinos
Reactor Neutrinos
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SNO+ TIMELINE

2017 2018 2019 2020 2021 2022 2023 2024 2025

Tellurium

Water phase Partial fill phase Scintillator phase
»  High Rn Scintillator over water. * Low PPO Tellurium-
¢ TLow Rn Stop in fill due to Covid. * Nominal PPO

. Added bis-MSB loaded phase
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SNO+ PERFORMANCE

—— Extemal Water
—— Internal Water

1Irection

Water Phase

Extensive calibrations: well-tuned
detector model PMT angular response
Constraints on external backgr()unds; O G o3 Tt (D2 Pl PRC. 1 012503 (012

SNO Collaboration, Feb05 Data (NCD Phase), PRC.87.015502 (2013)
SNO Collaboration, Aug06 Data (NCD Phase), PRC.87.015502 (2013)
nal e  SNO+ Jull8 Internal+External Scan (Water Phase)
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In/Out D

Scintillator Phase
Tracking background and light levels
throughout operations
High but decreasing level of Po210
BiPo214/212 segments of Uranium
and Thorium chains at low level: ;
EG 2381 ~4.3X10-17 £ / g A DRE
Eqg. 232Th ~5.3X10-17 g/¢o

SNO+ Preliminary
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BiPo214 Data

Two-cxponential fit

LAB + PPO

Deployved SNO+ Scintillator

External Measurements of LAB + PPO

238U Equivalent [g/g]
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Date Since Start of 2.2 g/L Phase
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PREVIOUS RESULTS
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DIRECTIONALITY IN SCINTILLATOR

“ SNO+ Collab., Phys.Rev.D 109 (2024) 7, 072002 . s solar neutrino analysis

Slow scintillation leads to good separation Data from partial fill and early scint
between Cherenkov and scintillation photons phases (23 and 15 kt-days)

Early data with low PPO (0.6 g/L)
Reasonable light yield (300 pe/MeV)

Slow timing T = 13. 5 ns (tirst comp.)
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First event-by-event reconstruction of

cos (angle

b/w e and ) Rhs | direction 1n high light yield scintillator !
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https://doi.org/10.1103/PhysRevD.109.072002
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REACTOR NEUTRINOS IN WATER

ol /] ([

SNO+ exploited good trigger and light collection pertormance

Detected 2.2 MeV gammas from neutron capture, in coincidence with prompt signal.
AmBe source calibration showed neutron etticiency ot 50%

First detection of antineutrinos from far reactors with a water Cherenkov detector

- _—
PhySICS ABOUT BROWSE PRESS COLLECTIONS _
—+— Data

—— Reactor IBD
— (o, n)
Atmospheric NC

—— Accidentals

SYNOPSIS

Reactor Neutrinos Detected by Water
Evidence of Antineutrinos from Distant

March 1,2023 « Physics 16, 528 Reactors Using Pure Water at SNO+

A. Allega et al. (The SNO+ Collaboration)

Researchers have captured the signal of neutrinos from a nuclear reactor using a water-filled neutrino detector,
Phys. Rev. Lett. 130, 091801 (2023)

Published March 1, 2023

a first for such a device.
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Recent Articles

A Cleaner Route to Steel Production

Researchers have investigated how poresin a
solid change its chemical reactions with other
materials. The result could make steel production
more env ironmen tally friendly.

A New Card up Graphene’s Sleeve

Graphene is found to exhibit a magnetoresistance
dwarfing that of all known materials at room

Energy [MeV]
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NEW RESULTS



SOLAR NEUTRINOS,
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WATER PHASE
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New analysis of 126.6 kt.days, including
190.3 days ot low background data

Radon in water ~6 X 10-15 ¢U /¢
Lowest background for water Cherenkov

detectors > 5 MeV: 0.32 *+ 0.07 ev/kt.days

D

¢ Data
— Sig + Bkg. Fit
Syst. Uncertainty

5<T.<15MeV

SNO+ Preliminary

Counts / 190.3 Days / 0.05

Fitted Interaction Rate / kTDay / 1 MeV

0
-1 -08 06 -04 -02

04 06 08 4 6 ]
cos 0

—— MC (SNO °B Flux)

Results
3.5 MeV threshold, but large uncertainties
in first bins

Best-fit tlux consistent (inc. oscillations)
with other experiments, and HZ and [.Z
solar models

SNO+ Preliminary

¢ Bin-By-Bin Fit
¢ Stat. + Syst. Error

SNO+ Preliminary

¢ Bin-By-Bin Fit

¢ Stat. + Syst. Error
—— MC (SNO °B Flux)

nteraction Rate / kTDay / 1 MeV

Meastl

12 14
T. [MeV]
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SOLAR NEUTRINOS, SCINT. PHASE

SNO+ Preliminary 4 Data
0.00 <R< 3.15m —— Oscillated ®B

—— Internal 2>?Th-chain

Analysis ot 8B ES interactions in
138.9 live days ot scint. data

Fitted oscillation parameters
compatible with global fits
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SNO+ Preliminary Data
R<50m Oscillated °B
¥ Internal >?Th-chain
Internal >*®*U-chain

External
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Strict fiducial volume cut opens prospects for
future sensitivity < 3 MeV |
232Th still dominates 3-5 MeV regions, but

multisite discriminant will help

10 12
Energy [MeV]
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CHARGED CURRENT ON CARBON-13

Prompt e~ energy = E(v.,) — 2.2 MeV
v, +13 C —>.13N P gy (Ve)
13 13 8B solar neutrino
As yet unobserved reaction of electron Q& ~ / Delayed e*
neutrinos on Carbon-13 annihilation

[1.01,2.20] MeV

Only 1.1% 1sotopic abundance, but cross T=8626S \
section ~12X higher than ES at 8B v energies sC

*B v ES (MC)
"B v, CC on "°C, Prompt (MC)

O
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Cosmogenic backgrounds from !1Be:

SNO+ Pelminary negligible at SNOLAB depth

Dominant accidental backgrounds

determined by data-driven method
Randomly pick fake prompt , then search
for delayed signal candidates
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CC ON CARBON-13, RESULTS

Cuts optimised prior to “blind box” opening: 2 events found !
Fiducial volume: R< 5.3 m

Pl”()mpt Cﬁ@fgy1 S.O < E <€_> < 15.0 MGV Z SNO+ Preliminary SBBachgé(én;i(lIg))gt(a;/[DCriven)
Delayed energy: 1.14 < E (e*) < 2.2 MeV 7 . Dww)
AR < 0.36 m ’ é
0.01 < AT < 24 min 5 é
Likelthood ratio analysis i :
Wider cuts on Delayed energy, AR, AT , 2
Likelihood ratio discriminant> 4 | ’
0
EXPE C TED B O X LIKELIH O O D Likelihood Ratio Discriminant
BACKGROUND 0.31 0.1/
SIGNAL ' 83 ' 70 Indicative Qf a 51gpal from
13C CC interactions !

150.51 live days
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REACTOR ANTINEUTRINOS ANALYSIS
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Reactor-v (Unoscillated) D e | p n
Reactor-v (Am?, = 7.5x107 eV?) | E 2 l l
Reactor-v (Am?, = 6.1x10” eV?) n p

SNO+ Preliminary

701,22 gL PPO Prompt spectrum @ SNO++ with sharp features,
due to few baselines
Potential to shed light on solar-KamILAND tension
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Total Prediction (No Oscillation)
Following first detection in a water Cherenkov : Total Predietion (Wih Oncikstios)
) ) S, ReactorV (Am;, = 7.53x107 eV?)
detector, new results from partial and scint phases T an
. . ' Geov
Main background: (0,n) reactions on 13C ; , N
as from high rate 219Po decays " el st
. ‘. ]
Partial fill: 114 t.y exposure, 85 Hz ot 219Po i."
Stats and background-limited h:_ll.
4 5 6 8

Prompt Reconstructed Enefgy (MeV)

SUBMITTED TO PRD ARXIV:2405.19
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Scint. phase:
2306 t.y

exposure,

38 Hz 210Po

SNO+ Preliminary
780 t, 2.2 g/LL PPO

Counts / 0.4 MeV

4 5 6 7
Prompt Reconstructed Energy (MeV)

Still stats limited, but lower (0,n) background
Geo-nu 64+/- 44 TNU, will improve soon with

(a,n) classttier
Unconstrained oscillation fit

[
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SNO+ Preliminary
% SNO+ Result
e PDG 2021
1o * Solar

w/ new SK

2(Aln(L))

N~ N

(x10™ eV?)

2
21

Am
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sm@

2(Aln(L)O)

S N B~ O 0O =

2(Aln(L))

Am;, = 7.9670%% X 10™eV?

—0.41

~1.30 trom solar only, <10 from KI.
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PROSPECTS FOR
DOUBLE BETA DECAY
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TELLURIUM SYSTEMS
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SNO+ DBD SENSITIVITY

Water phase constrained external backgrounds
Scintillator phase constrained several internal backgrounds
Other expectations based conservatively on raw purity and purification factors

initial 0.5% loading 1.5% loading

Cosmogenic

130Te 2v: 8.13

8B Solar v: 3.58
232Th: 1.82

2381J. 0.67
Externals: 0.53
Cosmogenics: 0.39
(a,n) Delayed: 0.02

Counts per 0.03 MeV

External vy

Internal U chain
Internal Th chain

: 4.5 5.0
Energy [MeV]

I I~ LA 26 s U\ ' . “ - 2 B ~ 4 N\ O/ (O ~
I'12 > 2-10%0 yrs, 90% C.L. 5 yr: [12 = 51026 yrs, 90%C.L., 5 vrs
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SENSITIVITY, HIGHER LOADINGS

black = nominal light levels
red = 25% lower light levels -
crosses = target 1sotope U/Th levels
open circles = 3x lower 1sotope U/Th levels |
closed circles = 3x higher 1sotope U/Th levels
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Nuclear Matrix Element Models:
OQRPA-JY m QRPA-Tu OORPA-NC

®QRPA-FFS

OCDFT

Near-term project projections (~5yr)
Future 'ultimate' projections (10yr+)

Current Bounds (90% CI)
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SNO+ COLLABORATION
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Likelihood ratio:
Fiducial volume: R< 5.3 m
Prompt energy: 5.0 < E (e) < 15.0 MeV
Delayed energy: 1.0 < E (e*) < 2.2 MeV
Delta R<1m
0.01 < Delta T < 60 min
Likelithood ratio > 4

21 July 2023

1 0—43

Observed events prompt
energy: 10.7 and 8.1 MeV
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Neutrino Energy [MeV]




SNO+ SOLAR WATER PHASE

[ ] Data

Predicted Solar Signal 35< TC <4 MeV
dCKEr lodce

e Data
Sig + Bkg. Fit
Syst. Uncertainty

45<T,<5MeV

e Data
Sig + Bkg. Fit
Syst. Uncertainty

4<T,<4.5MeV

Counts / 190.3 Days / 0.05
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