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Evidence of Antineutrinos from Distant Reactors Using Pure Water
at SNO+

A. Allega et al. (The SNO+ Collaboration) 319
Phys. Rev. Lett. 130, 091801 — Published 1 March 2023

i g
Ph)/SICS See synopsis: Reactor Neutrinos Detected by Water u m

PHYSICAL REVIEW LETTERS 130, 091801 (2023)

The SNO+ Collaboration reports the first evidence of reactor antineutrinos in a Cherenkov detector. The
nearest nuclear reactors are located 240 km away in Ontario, Canada. This analysis uses events with
energies lower than in any previous analysis with a large water Cherenkov detector. Two analytical methods
are used to distinguish reactor antineutrinos from background events in 190 days of data and yield
consistent evidence for antineutrinos with a combined significance of 3.56.
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Reactor Neutrinos Detected by Water
March 1, 2023 - Physics 16, 528 offers the p055|b|lity of making neutrino detectors from a nontoxic material that is easy to handle and inexpensive
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another breakthrough by capturing the interaction with water of antineutrinos from nuclear reactors [1]. The finding

Researchers have captured the signal of neutrinos from a nuclear reactor using a water-filled neutrino detector, to Obtain, key faCtorS for use Of the teCh nology in auditing the World ,S nuclear reactors (See Featu re: Neutrino

a first for such a device.
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Pauli’s proposal

*** The neutrino was postulated first by Wolfgang Pauli in 1930 to conserve

the energy, linear and angular momentum.

Niels Bohr

e
)
- g

BYSEFPREBFTE

\/

** Pauli received the Nobel Prize for physics based on Pauli
principle, not the hypothesis of neutrinos.
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Reactor neutrinos was capitalized(1956). p—

v IBD reaction; Enormous V,, flux.
Reins receives the Nobel prize in 1995;

of many talented coworkers. One in particular I must mention - my very
good friend and colleague Clyde Cowan, who was an equal partner in the

So why did we want to detect the free neutrino? Because everybody said,
you couldn’t do it. Not very sensible, but we were attracted by the challenge.

As Bohr is reputed to have said; “A deep question is one where either a yes
or no answer is interesting.” So I guess this question of the existence of the
“free” neutrino might be construed to be deep. Alright, what about the pro-

cross section with which you have to deal would be ~ 10*cm’. To apprecia-
te how minuscule this interaction is we note that the mean free path is ~ 1000
light years of liquid hydrogen. Pauli put his concern succinctly during a visit
to Caltech when he remarked: “I have done a terrible thing. I have postulat-
ed a particle that cannot be detected.” No wonder that Bethe and Peierls

those around us. But of one thing I am certain: the open, free communica-
tion of our ideas was most stimulating to us and played a significant role in
our eventual success. We were not inhibited in our communication by the

concern that someone would scoop us. Neutrino detection was not a popu-
lar activity in 1952.

8 and says, “Thanks for the message. Everything comes to him who knows
how to wait. Pauli"

experiments to discover the neutrino. I regret that he did not live long

R E RS R KR &

enough to share in this honor with me. I also wish to thank the personnel at
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Roles of reactor neutrinos-KamLAND
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Roles of reactor neutrinos-Daya Bay

L3 L15 800 —4— Far hall
® N b - L
o |4 § 35 - —l— Near halls (weighted)
E ;| TR .. FRTS— > X
AD3 Ling Ao-1I NPP - 25 Y 600
EH2 1.1 20 E L
» S = ol L
o LI 5 15 \......30 .. S ]
EH3 o 12 - = 10 ; 400
AD6 . 5 1.05F 5 ks i
AD4 Ling Ao NPP % F i T ey R 7 =z i
D < - 0 0.05 0.1 0.15 = -
ADS Th 3 Bt it D M istertsitin 200 |
- 1
Z » & & ) .
AD1 AD2 M S g
2 E,, Y B T No oscillation
09: 2 2r — Best Fit
.. D - -l LA l LA L l LA L l LA L l LA L l a0 8 l S0 A l A A A l (W l AR 0 § + ‘
200 m D2 0 02 04 06 08 1 12 14 16 18 2 Z LA 4 b 4 i . ’
Daya Bay NPl Weighted Baseline [km] 5 + + e T
. = o8k 1 t
: 1 A 1

Prompt energy (MeV)

FERMFERAKRFRE



HiL Y EREIZ-2016

A/

** KamLand and Daya Bay etc. win the 2016 fundamental physics breakthrough prize.
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Nobel physics prize 2015

\ Discovery of atmospheric
1 neutrino oscillation at SK

&

Discovery of solar
neutrino oscillation at
SNO

© Nobel Media AB. Photo: A. Mahmoud © Nobel Media AB. Photo: A. Mahmoud

Takaaki Kajita Arthur B. McDonald

The Nobel Prize in Physics 2015 was awarded jointly
to Takaaki Kajita and Arthur B. McDonald "for the
discovery of neutrino oscillations, which shows that

neutrinos have mass."
FERFRAKRZRES
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\  Fissionable!

239,
AH

| Breeding reaction converts
U-238 to fissionable plutonium.
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Neutrino Detectors for National Security

March 12,2020 « Physics 13,36

Detecting neutrinos offers a new way to monitor the potential bomb materials inside a nuclear reactor, but the
technology’s practicality remains uncertain.

The cost of these detectors also presents a significant implementation barrier, since building and operating even
one detector could potentially require a large fraction of the annual nuclear verification budget (about $170 million)
of the International Atomic Energy Agency (IAEA), the organization that audits nuclear reactors. So the IAEA has no
immediate plans to use the technology. But researchers are still hopeful that the technology will find use. “This kind
of monitoring is eminently feasible. We have already done it and could do it at other reactors fairly easily,” says
Bryce Littlejohn, a nuclear physicist at the Illinois Institute of Technology in Chicago.
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® Implement a correlated trigger online
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+
e 12 MeV before Aug., 2011

8 MeV after Aug., 2011 The Steering Committee of the conference serlfes
Topics in Astroparticle and Underground Physics (TAUP)

l 2.2 MeV gamma

awards

Shaomin Chen
Primary trigger 40 us Forced trigger 500 u s L - W | Lo

for the best poster with the topic “Neutrino Properties”
at the TAUP conferenceat (5 —9 Sept 2011, Munich).

(=)
7= 2

Entries 23357 € 180t . Entries 2068
T 203.2+25 . .+ l T 2019+ 50
o) 160
Fd E t 3
E w140
o Am/Be source “ N E,>100 MeV 4 &B s
° ‘205 Prof. Alessandro Bottino
001 100 (University of Turin & INFN, chair)

g

100 200 300 400 500 600 700 800 Sanbnct P el
AT (us) 100 200 300

Q = -{ A by>it
TI.ITI B .ﬂ“ e ———
LIMU AL RCE CaRLICRAT

400 500
VB A R K R 26




(=]
(=]

(=]
(=]
TTT[ 17

(=]
o
TTT]T

(=]

Number of events / 10 us
T I°I

a o N © ©

(=]
(=]
TTTT[TT

i

100 200 300 400 500

Entries/1 MeV

-Ill]IlII[IIIll

Observed
Accidental bkg
ATMYV

ATMYV,

Li9

reactor V,

NC

IR TF I N AN F IR =T

Energy (MeV)

| Poster Award

rence series
wund Physics (TAUP)

en

sutrino Properties”
2011, Munich).



Al B 1Y) B W 58 A UGS BV R

Now

5 billion
years ago

Neutrinos from past SNe

C i P o
billion

years ago

13.8
billion
years ago

Big Bang

Supernova Relic Neutrino Search with Neutron Tagging at Super-Kamiokande-IV

Super-Kamiokande Collaboration « H. Zhang (Tsinghua U., Beijing) Show All(120)
Nov 15, 2013

6 pages

Published in: Astropart.Phys. 60 (2015) 41-46

Published: Jan, 2015

e-Print: 1311.3738 [hep-ex]

DOI: 10.1016/j.astropartphys.2014.05.004

Experiments: SUPER-KAMIOKANDE

View in: OSTI Information Bridge Server, ADS Abstract Service

pdf = cite [@ reference search %) 139 citations
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First measurement of radioactive isotope production through cosmic-ray muon
spallation in Super-Kamiokande IV

Super-Kamiokande Collaboration - Y. Zhang (Tsinghua U., Beijing, Dept. Eng. Phys.) Show All(129)
Sep 27,2015

12 pages

Published in: Phys.Rev.D 93 (2016) 1, 012004

Published: Jan 15, 2016

e-Print: 1509.08168 [hep-ex]

DOI: 10.1103/PhysRevD.93.012004

Experiments: SUPER-KAMIOKANDE

View in: OSTI Information Bridge Server, ADS Abstract Service

pdf = cite [ reference search %) 59 citations
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Measurement of the neutrino-oxygen neutral-current quasielastic cross section

using atmospheric neutrinos at Super-Kamiokande

Super-Kamiokande Collaboration « L. Wan (Tsinghua U., Beijing, Dept. Eng. Phys.) Show All(166)
Jan 16, 2019

11 pages

Published in: Phys.Rev.D 99 (2019) 3, 032005
Published: Feb 16, 2019

e-Print: 1901.05281 [hep-ex]

DOI: 10.1103/PhysRevD.99.032005 (publication)
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/ The Astroparticle Physics Conference
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PHYSICAL REVIEW D
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Highlights Recent Accepted Collections Authors Referees Search Press About Editorial Team B\
Search for proton decay viap — e"n? and p — p* 7% in
0.31 megaton - years exposure of the Super-Kamiokande water
Cherenkov detector ‘94 !

K. Abe et al. (Super-Kamiokande Collaboration)
Phys. Rev. D 95, 012004 — Published 6 January 2017

References Citing Articles (102) ﬂ HTML

Article
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ACTA PHYSICA POLONICA B, 40, 9, 2009
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SNO — SNO+

Installed hold-down rope net .

\' =

Cleaning the AV

Filling with water

Upgraded
trigger electronics
and DAQ

Courtesy: Mark Chen @784




SNO+ experiment

[Double beta decay]

Te-loaded LS

Double beta decay Neutrinoless
which emits anti-neutrinos double beta decay

IKERIE: ZI B PR BR 1 BE
1.2017.05-2017.09 : Nhits=15
2.2017.09-2018.09: Nhits~7
3.2018. 09-2019.07: N, gas above
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SNO+ timeline

2016
2017

2019

2021

2023

* Dec 2016: start commissioning with water

May 2017: start of water phase
8B Solar neutrino flux: PRD 99 (2019) 012012

Invisible nucleon decay modes: PRD 99 (2019) 032008, PRD 105 (2022) 112012

Neutron-proton capture: PRC 102 (2020) 014002
Reactor neutrinos: PRL 130 (2023) 9

July 2019: start filling with scintillator (LAB+PPO fluor)
« “Partial fill” phase due to pandemic: 365T LS, 0.6g/L PPO

April2022 : start of scintillator phase
» 780T LS, 2.2g/L PPO

2023: preparation for Te loading for Ovp33 phase

FERMFERAKRFRE
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Trigger Efficiency
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Survival Probability

8 Nuclear power stations
Size scaled to power
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R EEST R RIMESS ? (Yes or No)

Electron Antineutrinos in the Water Phase of the SNO+ Experiment

HE: 2.2017.09-2018.01: 65 days

by
Pawel Mekarskd Minimum e nHit | Expected Measured

t 25 19.53 15

BB 9 12.46 11
A thesis submitted in partial fulfillment of the requirements for the degree of 27 7.94 7
Doctor of Philosophy 28 5.06 5

AEFHE 29 2.94 5 Signal:0.07 /65K

30 1.75 5)
31 1.00 2
32 0.52 1
Department of Physics 33 0.25 0

University of Alberta

“We’ve done it. We cannot see it.”

© Pawel Mekarski, 2018
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2018.05 : JINASNO+
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Study of IBD (Vv + p — et + n) events @SNO+

Yang ZHANG
PDF @University of Alberta
Supervising member: Akse! Hallin

June. 11t, 2018

Summary

O Roughly speaking, we would expect ~0.4 signal events
v.s. ~0.8 bkg. events (Nhits>=29) per year at signal
efficiency of ~10% and bkg. level of 0.01%. (assuming

other settings are same as Pawel’s).
o Notice accidental bkg level is suppressed by a factor of ~20.
o This could be achieved.

Expectation: ~1 IBD, ~1 bkg for ~140-day data

Observed: 1 evt

RERERARERE
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Total Muon Flux [cm—2s~1]

Muon Flux in Underground Laboratories
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Evidence of Antineutrinos from Distant

Reactors Using Pure Water at SNO+ The Ghostly Glow of a Nuclear Power Station Detected in Pure Water 150 Miles Away
Overview of attention for article published in Physical Review Buried under kilometers of rock in Ontario, Canada, a tank of the purest water flashed as barely detectable particle slammed...
Letters, March 2023

PHYS 3 The SNO+ collaboration gathers the first evidence of antineutrinos in a water Cherenkov detector

Antineutrinos, the antimatter counterpart of neutrinos, have an almost non-existent mass and charge, and almost never interact...

m 2100 méterrel a felszin alatt kapcsoltak be az érzékel6t, bejelzett a 240 km-re 1évé atomerSmii miatt w % *U \i

tudomany + Kanadai kutat6k kordbban tgy gondoltak, egy olyan kis detektor, mint amit 6k hasznalnak egy foldalatti banyaban, nem...

Tonkan Vel Pure Water Breakthrough in Neutrino Detection

. 35 news outlets . 1 Facebook page Aview inside the SNO detector when filled with water. In the background, there are 9,000 photomultiplier tubes that detect...

. 6 blogs 3 Redditors

. 62 tweeters
. 1 Dimensions

Pure Water Breakthrough in Neutrino Detection

Aview inside the SNO detector when filled with water. In the background, there are 9,000 photomultiplier tubes that detect...

.. Une équipe a trouvé un moyen de détecter les neutrinos a l'aide d’eau % ii

Dans une expérience collaborative connue sous le nom d'observation des neutrinos de Sudbury (SNO+), une équipe internationale...
- 4 Mendeley

Ground-breaking 'antineutrino’ detector requires pure water only

A significant breakthrough in detecting subatomic particles known as antineutrinos has been achieved, according to recent...

SUMMARY News Blogs More...
physicsuond i inos d d in pure water in an experimental first Physics World
o So far, Altmetric has seen 37 news stories from 35 outlets For the first time, pure water has been used to detect low-energy antineutrinos produced by nuclear reactors.
) A
PHYS (3 New neutrino detection method using water

In the top 5% of all research

Research published in the journal Physical Review Letters conducted by an international team of scientists including Joshua...

outputs scored by Altmetric

m AskByGeeks | Five things to know: The latest breakthrough in neutrino detection

research published in journals Physical Review Letters The study, conducted by an international team of scientists including...

H |gh Attentio n Score com pa red tO m Ydinvoimalan sateily havaittiin 240 kilometrin paasta suoraan peruskallion lapi

Pt
Ik
ki

Ydinvoimalan neutriinosateily on onnistuttu mittaamaan 240 kilometrin padsta suoraan peruskallion lapi kanadalais-yhdysvaltalaise...

outputs of the same age (99th

Ik

i

Het Canadese deeltjesexperiment SNO+ heeft neutrino's gevangen die zijn ontstaan in kerncentrales honderden kilometers verderop.

percenti Ie) Neutrinod meet actieve kerncentrales honderden kilometers verderop ﬁ
A

@®@v  Sudbury SNOLAB makes scientific breakthrough in monitoring nuclear power

High Attention Score compared to

A surprise result during an experiment at SNOLAB in Sudbury revealed a scientific breakthrough in the astroparticle physics...

outputs of the same age and source
(99th percentile)

SNOLAB captures first reactor neutrinos detected by water

46

Even before it's completed, the SNO+ experiment at Sudbury’s SNOLAB has made a breakthrough, one that can assist in monitoring...




Science

Five things to know: The latest breakthrough in
neutrino detection

could be very expensive,’ Klein said. “So, our work shows that it’s possible to

build very large detectors and do it with just water.”

abides by its commitments in the nuclear weapons treaty; it is the handle to

ensure nuclear non-proliferation.

Joshua Klein is the Edmund J. and Louise W. Kahn Professor and Chair of Graduate
Studies in the Department of Physics and Astronomy in the College of Arts and

Sciences.

INTERESTING

ENGINEERING

Ground-breaking 'antineutrino' detector requires pure water only

A team of scientists has devised a new technique to detect antineutrinos from a distance using little
more than pure water.

A significant breakthrough in detecting subatomic particles known as antineutrinos has been achieved,

according to recent research published in APS.

FERMFERAKRFRE

Today Headline SciTechDaily

Pure Water Breakthrough in Neutrino Detection

An international team of scientists has made a breakthrough in detecting neutrinos using pure water

instead of the expensive liquid scintillator that was previously used. The Sudbury Neutrino Observation

(SNO+) experiment, located in a mine in Sudbury, Ontario, detected subatomic particles, known as
antineutrinos, using pure water. Neutrinos and antineutrinos are tiny subatomic particles that are
considered fundamental building blocks of matter and have practical applications such as monitoring

nuclear reactors and detecting nuclear activities. The researchers hope that an array of large and

inexpensive reactors could be built to ensure that countries are adhering to nuclear weapons treaties.

physicsworld

Reactor antineutrinos detected in pure waterin an
experimental first

For the first time, pure water has been used to detect low-energy antineutrinos produced by
nuclear reactors. The work was done by the international SNO+ collaboration and could lead

to safe and affordable new ways to monitor nuclear reactors from a distance.

The result could have implications for the development of techniques
used to monitor nuclear reactors. Recent proposals have suggested that
antineutrino detection thresholds could be lowered by doping pure water
with elements like chlorine or gadolinium - but now, the results from
SNO+ show that these costly, potentially dangerous materials may not be

necessary to achieve the same quality of results.

-Mark Chen



DOE SCIENCE NEWS SOURCE * ENERGY

Detecting Neutrinos from Nuclear Reactors with Water

The SNO+ experiment has for the first time shown that neutrinos from a nuclear reactor over 240 km away
can be detected with plain water.

The Impact

Science News

The SNO+ measurement shows that distant nuclear reactors can be observed and

monitored with something as simple and inexpensive as water. Reactors cannot shield the
neutrinos they produce. This means SNO+'s measurement is a proof of the idea that such
water detectors could play a role in ensuring nuclear non-proliferation. Like SNO+, such
detectors would still need to be very clean of any radioactivity, large (SNO+ contains 1,000
tons of water), and able to detect the tiny amount of light that the neutrinos produce. The
use of water, however, means that very large detectors are possible and a real option for

“seeing” even very distant reactors.

Water detectors have several advantages. They are inexpensive and can be very large,

Summary

making them useful for monitoring reactors across international borders. Improvements to

Scientists long thought that the tiny signals (just 10-20 photons) created by reactor
neutrinos in a water detector would make it impossible to detect those neutrinos,

particularly when the detector was far away from the reactor and the rate of these signals
was very low. By ensuring that the detector was clean from even trace amounts of
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Neutrino 2020 Neutrino 2022

First detection of reactor antineutrinos in a pure-water Cherenkov detector

i K i 0

Sofia. ga, Tanner . Logan L and Yang Zhang a phased experiment, in SNOLAB, Canada,
with the ultimate goal of searching for
neutrino less double beta decay in
Tellurium-loaded liquid scintillator.

Yang Zhang and Tanner for the SNO+ Collab:
| June. 22, Neutrino 2020 (The XXI

S N Q Reactor anti-neutrino search in the SNO+ water phase

Conference on Neutrino Physics)

1LIP, Portugal, 2University of California Berkley, USA
‘ 3University of Pennsylvania, USA “University of Alberta, Canada

IV. Calibration using AmBe data on behalf of the SNO+ Collaboration

‘AmBe source: detector
ek Ladis verse beta decay (IBD) L Lt 2, T g T !
I ) e 3 - ] SNO+ as a low energy threshold Cherenkov detector T -
. 7 1 However,they have never been detected in pure water Cherenkov | =" O AmBe calibration £ Do | Neutron delayed coincidence tagging
. ,\ detectors due to the limited light yields and huge backgrounds at the S data [1] are §°F E From 2017 to 2019, SNO+ operated as a pure water Cherenkov detector with a very low energy threshold. -
& ® energy region of interest, and the first detection would be quite Zio) fj{;g:’;f{‘:“ employed toverify [ .f  + .- 2.2 MeV y from neutron capture in hydrogen can be seen with ~50% efficiency in the center of SNO+. The source (a,n) reaction mimics the interaction of low energy reactor antineutrinos (IBD: Vv p - e* n).
Delayed signal interesting. 2 - and calibrate the n- £ " After calibration, a total of 1.3 kton of pure water can be used for analyses based on neutron-tagging. The neutron is emitted with a prompt gamma (or a positron), and the neutron capture is seen later.
\ At~200 s m selection efficiency. : ‘| P * Natural (a,n) reactions are also expected due to decays of 219P0 accumulated in the AV of SNO+.
e [ SNO+ has a relatively high (~50%) neutron detection efficiency [1]. ) of: E o= B
- S Y £ n 2 os ey 2 " g T ARane: g P
@ o ion for a reactor anti-neutrino search using the SNO+ L R B T N iy o 8 H i 3 S b 4 s (it 0 data) & E
ime between events [us] adius of source position (cm) = N R T =
Prompt signal detector during the water-fill phase is presented. - i 4 & H - (D 22 MeV s (ft o data) 2 4
o . A - Z . 3 - g
V. Signal estimation and background analysi z g : cae ] s
[ g 04 of D B )
1l. SNO+ detector O Signal region is defined as 2.5<E,,,.<9.5 MeV, R<5.6 m (internal) Or 6.4<R<7.3 m (external), 3<AT < 500 H R . i cv .
[ SNO+ [2] is a multipurpose neutrino experiment that began taking data with pure water in May, 2017. ESanciret SRy ; 09 : ¢ 4 AV v =
| . 6 *
O Both analyses (BDT and LoglL) expect ~2.5 signal events in the internal volume with ~0.5 accidental events. 2 03 ®% Exienial iced PSUP 10!
O In water phase, the d.mmrwasﬁlledwlth 900 tons of ultra-pure water, which was contained in a 12- = The statistics can be doubled approximately adding the external region. ! E
meter-diameter acrylic vessel (AV). . 025, - - - - - J
2 s 6 4 2 0 2 4 6 & 10 1
Oc are due to our great depth (~2 km). Radius [m] plml L4 = 100 30 00 400 500 600 00 500 00
[ The vessel is surrounded by more than 9,000 20-cm Hamamatsu photo-multiplier ’ . . : o X PMT hits Time between ew
tubes (PMT), which are mounted on a 18-m-diameter geodesic PMT support O Atmospheric neutrino neutral current (NC) interactions produce a background via: v + 10 -> v + 50* + Detection efficiency calibrated with a neutron source, inside AV (acrylic vessel) and PSUP (PMT support structure).

structure. SNO*+ has a high light coverage, by ~9400 PMTs, PMT hits is a first proxy used for energy reconstruction.

ith the emissi rompt 6.13 MeV y.
U D O A Time (and distance) between the prompt and neutron capture signals are used to select the coincidence events.

[1) SNO* Coll, Measurement of neutron-proton capture in the SNO+ water phase, Phys. Rev. C 102, 014002 (2020), arXiv:2002.10351

[ The detector is currently half-full with liquid scintillator. The physics objectives O No events induced by ic neutrino NCi ions are found in the following two sidebands.

during the scintillator phase include measurements of reactor neutrinos and
geoneutrinos.

5<E<25 MeV and neutron multiplicity >= 1
+2.5<E<25 MeV and neutron multiplicity > 1

Dealing with low energy backgrounds First measurements of (a,n) and rector antineutrinos

Two analysis optimized separately to detect a hand-full of reactor antineutrino events each in the SNO+ water phase

(@) sideband
[ The water phase dataset used in this poster has 190.3-day livetime. O (a, n) reactions on 13C and 180 channels are studied using the

sideband around the AV with radius (5.6, 6.4) m.

11l. Methodology O There are (a, n) background events at large radii near the AV.

[ Two approaches are in place, Log-Likelihood and boosted decision tree (BDT) in TMVA [2] based on spatial | I Fiducial volume cut is needed to exclude these events.

and temporal proximity. TS D Two i i to this gl by four orders of magnitude.
Both analyses use the energy,

1 Delayed events are only kept if they follow within 1000 us from a higher energy prompt event
SNO Proliminary (PMT hits >=15, Energy > 2.5 MeV, with good i by auxiliary

T=186.4£56.4 s

will soon give the first measurement of low energy antineutrinos in a pt detector

i Less than 1 antineutrino IBD event per day expected from nuclear reactors at more than 240 km.

More than 1 acci inci per hour from prompt and delayed event rates. Coincidence counts selected in a 321 days data-set from “*C(a,n):*0* with up to 6.1 MeV prompt y

directly measure the 9Po levels at the AV, providing its monitoring from the first to last phases of SNO+

~ 1 (a,n) event expected in each of the two analysis in the complementary fiducial volumes away from the AV

position, and radial direction of the VI. Summary and Outlooks One analysis uses two Boosted Decision Trees (BDT) and the other uses a Likelihood Ratio (LR),
delayed events. ' ‘SNO+ Proliminary with consistent results inside the AV, close to the AV, outside the AV, with different background levels. Events with time separation between 0.5 ms and 1.0 ms to directly heck
— Neoma s # 5 = 6 %
e o af: T 77 o ::::::::i ;:e' :\g:’ei“s;:::i‘[’t] ',':; h:ze;:oz;ss:slle\::::ie“d(mesr:;?: av'; 's:,g::sl:nd the sideband [2) SNO+ Coll, Observation of Antineutrinos from Distant Reactors using Pure Water at SNO+, in preparation ~ 1 accidental coincidence expected within 500 us (separation of more than 3 us to exclude instrumental event bursts)
L oo g d 3
reo?rfsmfnlnl the delayed Gt L 3 Pd b A p—— ing Tek& Eoinci frorm raal da aver All other backgrounds are reduced to less than one event in this data-set after neutron delayed coincidence tagging
position z:‘;ﬁmm:':::;‘::'""“ " I [ We will un-blind the signal region soon. Stay tuned! 4 Y
tested against the hypothesis that | anf- 2 L0 P R g LA G R AL R e S R B T - Coincidence detection at the lowest thresholds from calibrations and full detector simulations Results cross-checked with the 2020 data taking with the detector partially filled with pure scitillator
3] Chariie Mills e al, on behalf of SNO+ Coll, Reactor antineutrinos at SNO*, poster presentation at Neutrino 2022

the delayed event occurred at the sy e P ¥ ool pnjpetf-snfe ety . = - ey
same reconstructed position as the = e’ VI. References - Side-band analyses for direct measurements of other processes with neutron delayed coincidences

Pprompt event. [ We reduce the accidentals by a factor of ~10* and retain ~15% of the e et oL 1oL i

. Y . SNO+ is now il i i in pure-liquid scinti before loading in the Tellurium
neutrons. (3] A Hoecker, etal. T Phys. Cont.Ser 219, 032057 (2010). - N2 cover gas installed above the neck of SNO+ for significantly lower backgrounds in last 190.3 days!
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BACKUP



o Po-210 is measured using Si-alpha counters

o Measurements are done over acrylic in situ

o Also two pipes from inside AV were measured
o Distance from detector to acrylic 1-2 mm of air
o P0-210 spectral line at 5.3 MeV is counted

» Efficiency estimated with Am-241 source
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