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The SNO+ Collaboration reports new results on reactor antineutrino oscillations using data acquired
from May 2022 through July 2025. The spectral analysis of a flux dominated by nuclear reactors at 240,
340, and 350 km yields the mass-squared difference Am3, = (7.917032) x 10> eV2. This result is
compatible with and approaches the precision of the only other long-baseline reactor antineutrino
measurement, by KamLAND. Combining these measurements, along with those from solar neutrino

experiments, the global values of the neutrino mixing parameters become Am%l =(7.59 £0.17) x
107 eV? and sin? @}, = 0.310 4 0.012. The analysis of geoneutrinos at SNO+ is also improved, with a

measured signal of 487/3 TNU.

DOI: 10.1103/mv5z-pfb7

Introduction—Neutrino oscillations can be described by
three mixing angles, 61,, 6,3, 613, and two mass-squared
differences, Am3, and Am3,. These parameters have been
measured to have consistent values using rates and spectral
features from various neutrino and antineutrino sources.
The smaller difference, Am3,, has been measured using
electron antineutrinos from commercial nuclear reactors at
long and medium baselines [1-3] and electron neutrinos
from the Sun [4].

SNO+ is the second experiment to use long-baseline
reactor antineutrinos to measure neutrino oscillations,
doing so at distinct baselines, which lead to distinct spectral
features. The results reported in this Letter are obtained
from data collected from May 2022 through July 2025,
including those used in a previous analysis [2]. The current
dataset is 5 times larger and improves the precision of the
measured oscillation parameters and geoneutrino flux by a
factor of 2. In the following, we introduce a new parameter
to discriminate antineutrino signals from the dominant («,
n) background. This is an evolution of a preliminary study
[5] and is applied here for the first time, further improving
the geoneutrino measurement.

Data—The SNO+ detector is located 2.1 km under-
ground at SNOLAB in Ontario, Canada. It is equipped with
9362 photomultiplier tubes (PMTs), which view a 6-m
radius acrylic vessel (AV) filled with about 780 tonnes of
scintillator. Ultrapure water shields the AV from radio-
activity in the surrounding rock and in the PMTs, which are
8.5 m from the center. More detailed descriptions of the
detector and the scintillator can be found in Refs. [6,7].

In a first phase of the experiment, the AV was filled with
ultrapure water, which was later replaced by an LAB-based
scintillator filled in from the top of the AV as the water was
removed from the bottom. Filling was paused when the
scintillator reached 75 cm above the equator of the AV,
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providing the stable dataset reported in Ref. [5]. The first
analysis of data collected with a fully filled AV, and with
the primary fluor PPO at a concentration of 2.2 g/L, was
published in Ref. [2]. That dataset used 134.4 days, or
0.29 kilotonne-years, of data and is now extended, as the
criteria for the fraction of online PMTs have been relaxed
due to an improved accounting of offline channels in the
energy reconstruction. Here, it is denoted as dataset I.
Dataset II corresponds to the period after the addition of
2.2 mg/L of the wavelength shifter bis-MSB, which
increased the number of collected photons by about
50%. The relevant characteristics of these datasets are
summarized in Table 1.

Data were first selected with a set of criteria designed to
reduce instrumental backgrounds as well as backgrounds
induced by the passage of a muon. Data were vetoed for
20 s after an identified muon and for 1 s after events with at
least 3000 PMTs hit, corresponding to unidentified or
glancing muons, or high-energy atmospheric neutrinos.
Data were also vetoed for 10 ps after events with three or
more outward-looking PMTs hit, to mitigate potential
signals from externally-produced fast neutrons. Given
the low muon rate at SNO+ (= 3 per hour), these vetoes
result in a 2% reduction in livetime and a negligible muon-
induced background.

TABLEI. Characteristics of the two datasets, including photon
collection and the resulting energy resolution for 1-MeV electrons
at the center of the scintillator volume. The bottom three rows are
evaluations of energy-related systematic uncertainties. See text
for details.

Dataset I I
Scintillator LAB +PPO  + bis-MSB
Dates 2022-2023 2023-2025
Livetime [days] 245.8 4394
Photon collection [PMTs/MeV] 210 320
Energy resolution 6.5% 5.0%
Energy resolution unc. 4.4% 4.9%
Energy scale unc.—linear 1.1% 1.0%
Energy scale unc.—ky 5.4% 5.4%
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The observable energy of an event is, to first order,
proportional to the number of PMTs that detect photons.
The differences in photon collection between the datasets in
Table I are due not only to changes in scintillator photon
yield, but also to differences in optical absorption and a
general increase in the number of offline PMTs with time.
The energy reconstruction accounts for the optical proper-
ties, as well as the reconstructed position of an event and
the known position of each offline PMT. The probability of
multiple incident photons on the PMTs is accounted for
analytically.

Electron antineutrinos with energies above 1.8 MeV are
detected through the inverse f decay (IBD) process:
U, +p — e" +n. The antineutrino energy E; is trans-
ferred primarily to the positron, which promptly deposits its
energy and annihilates with an electron in the medium,
resulting in an observable energy of ~(E; —0.8) MeV.
The neutron thermalizes and is captured by a proton,
producing a 2.2-MeV y, after a characteristic =210 ps
random walk with a maximum distance of around 1 m.

IBDs were selected within a fiducial volume of 5.7 m,
which is chosen to reduce backgrounds from the AV.
Prompt events with an energy between 0.9 and 8 MeV
were kept if they were followed by a delayed event with an
energy between 1.85 and 2.5 MeV, within a time
At <2 ms, and within a distance Ar <2.5m.
Coincidences with more than one candidate for a prompt
or delayed event were vetoed. A likelihood ratio that
combines the time and distance between prompt and
delayed events (Af and Ar), and the delayed event energy,
was used to compare IBDs and random coincidences
arising from radioactivity. The latter were predicted from
data by randomly pairing single events observed during
~1-hour periods. A cut on this likelihood ratio reduced
random coincidences to negligible levels of O(107!)
counts in each dataset. The spatial distribution of all
coincidences selected with these criteria is uniform
throughout the fiducial volume, as seen in Fig. 1.
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FIG. 1. Positions of prompt and delayed events selected in the
full dataset, within the 5.7 m fiducial volume, projected onto (z,
x% + y?) to preserve equal volume elements. Dotted lines connect
prompt-delayed pairs.

Furthermore, since the IBD signals and dominant (a, n)
background all have neutron-capture delayed events, the Az
distribution follows an exponential distribution. We found a
fitted time constant of 7 = (217 £ 15) ps, in agreement
with the expected 210 ps.

Calibrations—Intrinsic 2'“Bi?'*Po decays were used to
calibrate the scintillation time profile, photon yield, and
quenching, for f’s and a’s, as described in the previous
analyses [2,5]. The residual nonuniformity of the recon-
structed energy scale was also corrected and quantified in a
very similar way, resulting in the uncertainties in Table I.
The nonlinear scaling due to Birks’ law was used to apply
an uncertainty in the Birks constant kz as done in the
previous analyses.

A first deployment of a calibration source (**' Am-°Be) in
the scintillator took place in July 2025. *Be(a, n)'*C inter-
actions in the AmBe source produce neutrons with energies
up to 10 MeV, which scatter protons in the scintillator. In this
way, the AmBe source mimics the proton scatters from high-
energy neutrons produced by '3C(a, n)'°O interactions in
the scintillator, and so it is used to evaluate the use of a new
event classifier for the dominant (@, n) background.

The (a, n) classifier distinguishes the multiple-proton
scattering signals of MeV-scale neutrons that are character-
istic of (a, n) prompt signals below 3.5 MeV, from the
prompt positrons created in IBDs. It is built as a Fischer
discriminant, using the distribution of time-of-flight cor-
rected PMT hit times as well as the reconstructed radial
event position. In the pure samples of 2'“Bi?'“Po coinci-
dences used for the scintillator calibrations, the classifier
correctly assigned the f’s to be more positronlike than the
a’s. The classification values in simulation and data
diverged at high radial positions; therefore, an empirical
correction was developed to shift the classification in
simulation to match the data as a function of the distance
to the center of the detector. The residual discrepancy for
21%Bi was used to assign a 2.9% uncertainty to the IBD
selection efficiency. The corrected distributions of (@, n)
classifier values for the 2'“Bi*'*Po a’s and f’s, which
illustrate the agreement between the data and simulations,
are shown in Supplemental Material [8].

Regarding AmBe prompt events, the (a, n) classifier was
found to depend on energy differently between the data and
simulation, leading to an energy-dependent systematic
uncertainty on the efficiency with which (@, n) events
were rejected, namely, an upper limit for the differences
between the observed multiple-proton scattering signals
and those in the simulations. Since dataset I does not have
an associated AmBe deployment, the uncertainty was
assumed to have the same energy dependence, to be of
the same relative magnitude, and to be uncorrelated with
that for dataset II.

The selection threshold for the classification value of
prompt events was determined separately for each dataset,
optimizing the signal to background ratio with IBD and
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(a, n) simulations. The selection thresholds are expected to
preserve about 90% of geonenutrino IBDs, and a similar
fraction of the 60% of reactor IBDs with prompt energies
below 3.5 MeV. Only 17% and 8% of (a, n) events below
3.5 MeV are expected to be retained in datasets I and II,
respectively. The classifier is more powerful in dataset II
due to the higher photon collection.

Reactor antineutrinos—Nuclear reactors produce elec-
tron antineutrinos with energies up to ~10 MeV. The flux
is dominated by four fissile isotopes (**°U, 23U, 2**Pu,
241py), each with a similar but distinct antineutrino spec-
trum and effective energy release per fission. At SNOLAB,
> 99% of the flux originates from the ~100 active reactor
cores in North America, with ~#60% from three complexes
in Ontario, where CANDU pressurized heavy water reac-
tors (PHWRs) are used. The average fractions of the four
isotopes in these reactors are a little different from the more
common pressurized/boiling water reactors (PWRs/
BWRs): (0.52, 0.05, 0.42, 0.01) vs (0.568, 0.078, 0.297,
0.057) [2]. The thermal power of each core was tracked
daily using publicly available data for the electrical output,
from IESO in Ontario [9] and NRC in the USA [10]. These
data were cross-checked with the monthly averages from
IAEA [11], leading to a small uncertainty of around 0.2%.

The main fissile isotopes, 2°U and 2*°Pu, produce
roughly 90% of the 7,’s and their spectra have been
obtained by a joint fit to data from Daya Bay and
PROSPECT [12]. Predictive models are used for **'Pu
[13] and 23U [14]. These spectra were used to determine
the expected fluxes for both types of reactors. The
covariance matrices provided in Ref. [12] were integrated
and found to dominate the total flux uncertainty, at about
3%. Following the prescription of Ref. [15], bin-by-bin
correlations in the reactor IBD spectra were calculated. Due
to their high, positive values, their effect on the fitted
uncertainty of Am3, was found to be negligible, and so are
not included in this analysis.

Following the estimations in Ref. [16], we also propa-
gated the subdominant uncertainties for the energy released
per fission, time evolution of the isotopes, and correlations
between the spectra, resulting in a combined uncertainty of
4.0% for PWRs and 4.3% for PHWRs. Finally, taking into
account the subdominant uncertainties in proton number
and position reconstruction as in the previous analysis [2], a
common systematic of 4.3% was conservatively assigned
to all reactor predictions.

Neutrino oscillation—The survival probability of an
electron (anti)neutrino in vacuum is

Pee =1- COS4913Sin229128in2A21

— $in%26,3(cos?0,,5in* Ay, + sin?0,,sin’As,),

where A;; = 1.267Am%jL /E, L [m] is the distance traveled
by the neutrino, E [MeV] is the energy of the neutrino, and

Am; = mi —m3[eV?] is the difference between the

squares of the masses of neutrino mass eigenstates i and
j. The oscillation pattern in the energy spectrum of IBD
prompt events arises from Am3,, as illustrated in Fig. 3 of
Ref. [5]. The nearest reactor complex, Bruce at 240 km
from SNOLAB, provides x44% of reactor IBDs, resulting
in a relatively large amplitude in the observed oscillation
pattern. There are also supporting contributions from the
two other complexes in Ontario at 340 and 350 km, which
are shown in Fig. 2.

Considering that more than 95% of incident 7,’s travel
through the North American crust, the effects of matter are
included according to Ref. [17], assuming a constant
electron density of 8.13 x 10?* cm™>. Relative to vacuum
oscillations, this increases the number of IBDs by less than
1% and induces a O(1%) increase in the effective Ams3;.
Using the measured oscillation parameters in Ref. [18], the
expected rate of reactor IBDs is around 100 per year in the
full AV volume.

Geoneutrinos—The natural 23U and 23?Th in the Earth’s
crust and mantle each undergo a series of f decays that
produce 7,’s with energies up to 3.3 MeV. Dedicated
geological measurements have been made to obtain a
model for the geoneutrino fluxes at SNOLAB, where the
contribution from the thicker North American crust is
higher than at the locations of previous measurements
[19]. A detailed geoneutrino analysis will be presented in a
future publication.

The geoneutrino flux at SNO+ is predicted using a
methodology based on that in Refs. [20,21]. Assuming a
total radiogenic heat production of 20 TW, and an average
survival probability for the 7,’s ((P,,) ~ 0.55), our model
predicts 36.3 £ 8.7 TNU and 9.7 £ 2.3 TNU from the 28U
and 2%’Th chains, respectively. The Terrestrial Neutrino
Unit (TNU) is defined as the number of IBDs per year in
102 protons. Thus, around 37 IBDs from geoneutrinos are
expected in the total dataset. The unoscillated geoneutrino
flux is unconstrained in this analysis, while the U/Th ratio
is constrained to 3.8 &+ 1.3, based on our model. Average
oscillations are applied so that the flux is scaled
by (P,,) = sin*@5 + cos*65(1 — 0.5sin?26,,).

(o, n) background—The dominant background is
a + 3C — 190 + n. The rate depends on the cross section
of the interaction, the natural abundance of '3C in the
scintillator, and the rate of a decays, which are dominated
by 2!%Po. The fiducial volume of 5.7 m reduces the
contribution from 2!%Po implanted on the AV to negligible
levels. Within the fiducial volume, the rate was measured
directly by fitting the energy peak of >!%Po a’s as a function
of time.

The (a, n) process is characterized by a delayed neutron
capture, while the prompt event can be from the de-
excitation of %0 (at 6.05 and 6.13 MeV), a 4.4-MeV y
from the neutron scattering with 12C, or a continuum from
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multiple scatters of the neutron on protons, in addition to
the residual energy deposited by the a before it interacted.
The multiple scattering signal dominates and extends from
below the prompt event threshold of 0.9 MeV up to
around 3.5 MeV.

The probability of a ?'Po « undergoing an (a, n)
interaction is calculated by integrating the energy-depen-
dent interaction cross section up to the >'°Po « energy, and
then multiplying by the '*C number density, as in Ref. [5].
A branching ratio uncertainty of 30% is assumed for the
ground state channel, namely multiple-proton scatters (89%
of total) and the 4.4-MeV y (2% of total). A 100%
uncertainty is used for the '%0 excited state channel (9%
of total).

a-p background—>'“Bi undergoes beta decay with an
endpoint energy of 3.3 MeV and is followed by a 2“Po a
decay of energy 7.8 MeV and lifetime 164 ps, which is
similar to the neutron capture time. Usually, the a scintil-
lation signal is quenched down to ~0.8 MeV; however,
some of its energy can be transferred to protons by
scattering. Since quenching is smaller for protons, a tail
extends from the 2'*Po a peak to higher energies and can
overlap with the neutron-capture energy peak.

This a-p process is a potential background for IBD
measurements in scintillator detectors and was recently
identified by SNO+ [2] in short-lived high-background
periods where 2'“Bi?!*Po coincidences were supported by
the ingress of 2>?Rn. Its rate scales with that of the usual
214Bi214Po coincidence and was observed to decay away
with a 3.8-day half-life, as expected for 2*’Rn.

As in Ref. [2], data from high-background periods were
used to model the 2'*Po spectrum based on the similar tail
observed for 2'5Po a’s from the >»U chain. The resulting
delayed energy spectrum was associated with a prompt
spectrum from the 2'“Bi beta decay. The precise shape of
the tail depends on the quenching of a’s and protons, as
well as cross sections, and further studies are underway to
model it. A total of 7.5 £ 6.2 21“Bi?!4Po a-p coincidences
are expected across both datasets, where a common
systematic uncertainty of 83% reflects variations induced
by the tail construction procedure.

Atmospheric neutrino background—Interactions of
atmospheric neutrinos with the scintillator can also produce
signals with accompanying neutrons. Charged-current
interactions often produce high-energy depositions that
are removed by the 1-s veto and by requiring only one
prompt and one delayed event. Neutral current qua-
sielastic interactions can produce neutrons with ener-
gies O(10) MeV.

The expected atmospheric neutrino rate was estimated
using GENIE Neutrino Generator version 3.4.2 [22]. The
flux from Bartol [23] in the Solar-max phase and at the
SNO+ location served as input for neutrinos above
100 MeV, while the smaller component below 100 MeV

was taken from Ref. [24]. Neutrino oscillations were
applied with the nuCraft package [25].

Applying all event selection criteria to the simulated
sample resulted in an expectation of 4.4 coincidences in the
full dataset. The systematic uncertainties of the different
components in the calculation combine to a total uncer-
tainty of 68%. The predicted prompt energy spectrum was
consistent with a uniform distribution between 0.9 MeV
and 8.0 MeV, which is assumed in the analysis.

Spectral analysis and results—A total of 246 coinci-
dences were selected in the two datasets. This is compared
with the expected numbers of signals and backgrounds in
Table II. The expectations in each dataset are 101 and 180
coincidences, which are consistent with the observations of
103 and 143, respectively. Additional information is
provided for each dataset in Supplemental Material [8].
The prompt energy distribution of the combined dataset is
shown in Fig. 2.

Two independent fitter frameworks used extended log-
likelihood functions to fit the unbinned prompt energy
spectrum. Both frameworks used the same selected event
samples and input predictions, and produced consistent
results, one set of which is presented and summarized in
Tables IT and III. In addition to the two oscillation
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FIG. 2. Energy distribution of prompt events and best-fit
predictions. Data are given wider bins to aid visual comparison.
Upper panel: fit with Am3, and sin? 6, unconstrained. Lower
panel: with constraints and the cut on the (a, n) classifier, which is
applied only below 3.5 MeV (dashed line). The reactor IBD
expectation is comprised of three distinct groups: Bruce at
240 km, Pickering + Darlington (P + D) at 340 and 350 km,
and all other reactors (World).
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TABLE II. Expected and fitted signal and background counts.
Expectations use oscillation parameters from Ref. [18] and show
only systematic uncertainties (the geo-v IBD rate is uncon-
strained). The first fit column is SNO+, only the second fit
column is with externally constrained oscillation parameters, and
the last fit column is with the cut on the (a, n) classifier. For the
latter, the expected count sum is 198. See text for details.

Expected Fit Fit (con.) Fit (a, n) cut

Reactor IBD 140+6 120£5 137+6 130+ 6
Geo 238U IBD 29 32416 3118 27438
Geo #°Th IBD 8 9+£5 9+5 8§+4
(a, n) p scatters 80 £24 67+20 6372 23%]
(a, n) other 12+10 7+5 T+5 ng‘
a-p 7+6 6+6 4:? 235
Atmospheric v 4+3 4+3 6j23 442
Sum 281 247 257 201
Observed 246 246 246 185

parameters, we fit the geoneutrino rate and U/Th ratio, and
scalings to the cross section and branching ratios for the (o,
n) channels. The normalizations of these and the other
backgrounds were treated as fully correlated across the two
datasets with the same relative constraints, together with a
common scale for the reactor predictions. The detector-
related systematics, including the energy resolution, a
linear energy scale, and a nonlinear scaling related to
Birks’ constant kj, were fit and constrained with distinct
uncertainties for each dataset (see Table I). A linear energy
scale systematic for protons was fit without constraint, due
to the lack of a calibration.

The best-fit oscillation parameters are Am3, =
(7.911032) x 107 eV? and sin® 0, = 0.505 £ 0.133. All
best-fit detector systematic parameters are consistent with
expectations and the resulting energy spectra are shown
with the data in Fig. 2. The log likelihood distribution is
shown in Fig. 3 as a function of the two oscillation
parameters, fitting for all the other parameters at each
point. The contribution of statistical uncertainty to the total
uncertainty is estimated as the fit error when fixing all but
the two oscillation parameters to their best-fit values, giving

TABLE III.  Best-fit values for oscillation parameters and geo-v
IBD rate. Results are reported with no external constraints on
Am3, and sin?0),, then with constraints, and finally with
constraints and the cut on the classifier for (a, n) proton-scattering
events. See text for details.

Fit Fit (con.) Fit (a, n) cut
7917902 7594017  7.55%0)17

Am3,[107° eV?]

sin? 0, 0.505 +0.133 0.310+0.012 0.311 +0.012
Geo-v [TNU] 51732 50 +25 48+
Geo-v U/Th 3.55513% 3.54113¢ 3.23148

fractions of 96% and 82% for Am3, and sin’ 0,,, respec-
tively. These estimates do not account for parameter
correlations, but illustrate the predominance of the stat-
istical uncertainty.

The SNO+ Am3, result is compatible with the
KamLAND and JUNO results of (7.547012) x 107 eV?
[1] and (7.50 £0.12) x 107 eV? [3] to 1.2¢ and 1.50,
respectively. A larger central value for SNO+ was hinted at
by the previous SNO+ result of (7.9610:43) x 107 eV?[2],
and is confirmed when datasets I and II are fit individually.

The previous oscillation measurements from reactors are
less sensitive to the mixing angle sin® @, than those from
solar data. When the fit is repeated with the mixing angle
constrained to the global result of sin® #;, = 0.307 & 0.013
[18], it returns a consistent value of Am3, = (7.87193%) x
107 eV2. The combined solar result of Am3, =
(6.1070¢7) x 107 eV? [4] is consistent with the result
from SNO+ at 1.9¢.

The impact of SNO+- data on the global measurement of
the oscillation parameters is probed by repeating the fit with
both oscillation parameters constrained to the PDG 2025
global values [18] (which preclude JUNO’s results), using
Gaussian constraints. This results in a very slight increase
in the mixing angle sin® #,, = 0.310 4+ 0.012, and a mod-
erate increase in the mass-squared difference, from (7.50 £
0.19) x 107 eV? to (7.59 £ 0.17) x 107> eV?2. The global
landscape of measurements of Am3, and sin® 6}, is shown
in Fig. 3.

T T
3 —— KamLAND 1
% 5k Solar i
Z‘; I —— JUNO ]
Q F —— SNO+ ]

oL ! I

or T T T
— 8 B
Q |
> |
©
S|
=7t
£ [ |
< 4 F

+ BestFit ||
6 lo 1r 7
=== 20
N A EEEEEE 36 11 1
5 FURTRR ST S S SR S S A S ST S S NS | PR B
0.2 0.3 0.4 0.5 0.6 0 5
sin’@y, -2Alog(L)

FIG. 3. Likelihood contours of Am3, vs sin®6),. The 1-D log
likelihood curve is also shown separately for each variable,
profiling over the other. Contours and 1-D curves for results from
KamLAND [1], JUNO [3], and combined solar measurements [4]
are also shown.
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When constraining the oscillation parameters, the geo-
neutrino IBD rate fits to 50 £ 25 TNU with a U/Th ratio of
3.547!3%. The uncertainty in the geoneutrino rate is
dominated by statistical uncertainty and a correlation of
—0.5 with the multiple-proton scattering component of the
(a, n) background.

We also present a third fit that uses the («, n) classifier to
reduce the dominant (a, n) background below 3.5 MeV.
The lower plot of Fig. 2 shows the 185 events (77 and 108
for datasets I and II) that remain after applying the (@, n)
classifier cut. The data are fitted with four additional
parameters to account for the relatively large systematic
uncertainties from a first evaluation of the classifier using
the AmBe source: two global scalings for the IBD selection
efficiencies in each dataset, and two energy-dependent
scalings for the multiple-proton scattering efficiencies.

The fit with the (a, n) classifier cut produces a geo-
neutrino measurement with a similar central value and a
reduced uncertainty: 4873 TNU. The correlation of —0.5
with the (a, n) background seen in the fit without the
classifier is now more evenly distributed between the a-p
background and the remaining (@, n) background. The
normalizations of these backgrounds both exhibit residual
correlations with the parameters introduced to describe the
systematic uncertainties of the classifier. This suggests that
further improvement to the geoneutrino measurement can
be expected as the classifier-related systematic uncertainty
is reduced. The current performance of the (a, n) classifier
is summarized in Fig. 4. The oscillation parameters fitted
when using the (a, n) classifier are not taken as the final
results of this Letter because the classifier currently
introduces a large energy-dependent systematic uncer-
tainty, which in principle could skew the fitted value of
Am3;. In contrast, the geoneutrino flux is less sensitive to
energy-dependent systematics. The three different fits are
summarized in Table IIL

Summary and outlook—SNO+ measures antineutrinos
produced in the Earth and in nuclear reactors located

JF

S0F
Data

Reactor-v IBD
(a.n)

Geo-v 2*U IBD
Geo-v 2*Th IBD
a-p
Atmospherics

Events peL 1.2 .
BONEON+)

553
(=}
T

—_
(=1
T

-10 .I5 (.) 5 10
Prompt Classifier Values

FIG. 4. Distributions of the (a, n) classifier value for prompt

events with energy below 3.5 MeV, for the full dataset. Classifier

values are shifted so that the cut threshold for each dataset is at O,
denoted with a vertical dashed line.

hundreds of kilometers away. Its present measurement of
Am3, = (7.917932) x 107> eV? is dominated by statistical
uncertainty and is approaching the measurement by
KamLAND, which also used long-baseline reactor anti-
neutrinos. In addition, SNO+ has now detected geoneu-
trinos at a significance of 3.6¢.

Interpreting geoneutrino measurements from
KamLAND [26], Borexino [27], and now SNO+ and
JUNO [3], includes evaluating the dominant component
from the crust local to each experiment. The combination of
results from these different sites will give a global picture of
the Earth’s radiogenic heat production and can be used to
extract the component from the mantle. At SNO+, the
measured rate is 48 TNU with an uncertainty around 27%;
with this improved precision, a dedicated global geological
interpretation is underway.

Previous measurements of Am3, using solar neutrinos
and long-baseline reactor antineutrinos are compatible with
each other to about 1.50. The current result from SNO+
slightly increases this difference to 1.6¢. Fitting SNO+
data with the previous results as constraints provides new
global best fits of Am3, = (7.59 £0.17) x 107 eV?
and sin” @, = 0.310 + 0.012.

The measurement precision of several oscillation param-
eters, including Am3, and sin” 0,,, is now being improved
by the JUNO experiment [3], which is acquiring data with a
larger detector (25 kt) and shorter baselines to reactors
(53 km). The SNO+ Collaboration will continue to
improve its result, which is complementary as the anti-
neutrinos oscillate over greater distances and the analysis is
subject to a different dominant background. At the same
time, SNO+ will continue to collect data and characterize
the models of (a, n) and a-p interactions, which are
important in low-background particle physics experiments.
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