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We present the first measurement of nuclear recoils from solar 8B neutrinos via coherent elas-
tic neutrino-nucleus scattering with the XENONnT dark matter experiment. The central detector
of XENONNT is a low-background, two-phase time projection chamber with a 5.9t sensitive lig-
uid xenon target. A blind analysis with an exposure of 3.51txyr resulted in 37 observed events
above 0.5keV, with (26.471) events expected from backgrounds. The background-only hypoth-
esis is rejected with a statistical significance of 2.73¢. The measured 5B solar neutrino flux of
(4.7738) x 106 cm™s™" is consistent with results from the Sudbury Neutrino Observatory. The
measured neutrino flux-weighted CEVNS cross section on Xe of (1.11758) x 1073 cm? is consistent
with the Standard Model prediction. This is the first direct measurement of nuclear recoils from

solar neutrinos with a dark matter detector.

Introduction — Coherent elastic neutrino-nucleus scat-
tering (CEVNS) is a Standard Model (SM) process with
low momentum transfer, which allows neutrinos to scat-
ter coherently with nuclei [1-3]. This process has only re-
cently been observed using an intense, pulsed spallation
neutron source (SNS) [4, 5]. The detection of CEVNS
events from solar neutrinos is more challenging due to the
lower flux [6] and energy, as well as the lack of timing in-
formation. Therefore, it requires minimal backgrounds
and maximizing the sensitive region of interest (ROI)
with a low-energy threshold. Liquid xenon (LXe) detec-
tors searching for dark matter (DM) particles fulfill these
requirements, but have not been able to reach the re-
quired sensitivity until now [7, 8]. Solar B neutrinos are
expected to contribute the largest detectable number of
coherent neutrino-xenon scattering events, albeit at low
nuclear recoil (NR) energies [9]. In this Letter, the first
detection of CEVNS induced by solar ®B neutrinos with
the XENONNT experiment is reported. This is a “first”
in three different aspects: the first detection of elastic
NRs from astrophysical neutrinos, the first measurement
of the CEVNS process with a Xe target, and the first step
into the “neutrino fog” by a DM experiment [10, 11].

Ezperiment — The XENONNT experiment [12], lo-
cated at the INFN Laboratori Nazionali del Gran Sasso
in Italy, is designed to search for weakly interacting mas-
sive particles (WIMPs) scattering off Xe nuclei, which
has a similar NR signature as CEvVNS. The experiment
consists of three nested detectors: a muon veto (MV),
a neutron veto (NV), and an innermost LXe detector.
The latter is a two-phase time projection chamber (TPC)
housed in a double-walled cryostat filled with 8.5t of
LXe. The cylindrical TPC, 1.33 m in diameter and 1.49 m
in height, is enclosed by polytetrafluoroethylene (PTFE)
panels and viewed by 494 3-in. Hamamatsu R11410-21
photomultiplier tubes (PMTs) [13] arranged in a top and
a bottom array. The active LXe mass in the TPC is 5.9t.

Particle interactions in the TPC produce both scin-
tillation photons and ionization electrons. The prompt
scintillation photons are detected by the PMTs and are
referred to as the S1 signal. The liberated electrons drift
upward in the drift field to the liquid-gas interface, where
they are extracted into the gas and produce a secondary
scintillation signal, called the S2 signal, via electrolumi-
nescence. The time difference between S1 and S2 signals
is proportional to the interaction depth (Z). Event po-
sitions in the horizontal plane (X,Y’) are reconstructed
based on the hit patterns of S2 signals in the top PMT
array.

The electric fields in the TPC are established by three
parallel-wire electrodes made of stainless steel [14]. The
cathode and gate electrodes establish a drift field at
23 V/cm, resulting in a maximum electron drift time of
2.2ms. The extraction field in LXe is set to 2.9kV/cm
by the gate and anode electrodes, which are reinforced by
two and four additional perpendicular wires, respectively,
to minimize sagging [14]. Two additional parallel-wire
electrodes shield the PMT arrays from electric fields [12].

Dataset — This search uses two datasets with a to-
tal live time of 316.5 days after accounting for dead time
from data acquisition [15] and vetoes. The first dataset,
taken between July 6, 2021 and November 28, 2021 is
referred to as the SRO dataset in this Letter with a live
time of 108.0 days. The second dataset was collected be-
tween May 19, 2022 and August 8, 2023, a period re-
ferred to as SR1, with a live time of 208.5days. Dur-
ing SRO (SR1), the temperature and pressure in the de-
tector are stable within (176.8+£0.4) [(177.24+0.4)] K and
(1.890=£0.004) [(1.92£0.02)] bar, respectively. The liquid
level in SRO is stable within (5.02+0.20) mm [16]. On
July 15, 2022, the liquid level is lowered by 0.2 mm and
the anode voltage is raised by 50V to mitigate local-
ized electron bursts and maintain a consistent extraction
field strength. Before and after this adjustment, the lig-



uid level in SR1 is maintained stable at 5.0 and 4.8 mm
above the gate electrode, respectively. The systematic
uncertainty of the liquid level measurement is 0.2 mm.

In addition to the 17 PMTs already excluded from the
analyses during SRO [17], three additional PMTs are re-
moved in SR1 due to increased afterpulsing or intermit-
tent light emission. PMT gains are monitored weekly
using pulsed LED signals, and are found to be stable in
SRO (SR1) within 3% (3.5%). PMT hits are recorded on
a per-PMT basis when crossing the digitization thresh-
old, typically about 2.06 mV [15]. The mean single pho-
toelectron (PE) acceptance in SRO (SR1) is determined
to be (91.240.2%) [(92.1+0.7) %]. Clusters of PMT hits
in time are divided into peaks, which are classified into
S1 and S2 signals based on their waveforms and intensity
distributions on PMT arrays [18, 19].

A distortion of the drift field near the edges of the
detector leads to a difference in positions between the in-
teraction site and the extraction position. It also leads
to a small charge-insensitive volume (CIV) [14] in the
lower part of the TPC, from where the drifting electrons
reach the PTFE wall instead of the liquid-gas interface.
A data-driven correction for the radial coordinate is ap-
plied to reproduce the uniform distribution of ®3™Kr cal-
ibration events [20]. For SRO, the method from [21] is
kept, where the CIV does not enter the position correc-
tion but is considered in the fiducial volume (FV) cal-
culation. The FV mass uncertainty originated from field
distortion and position reconstruction is less than 5%.
In SRI1, the event positions are corrected according to
the boundary defined by the simulated drift field [14] to
account for the CIV. After considering the field distor-
tion correction and removing events with the interaction
depth Z below -142 c¢cm or above -13 ¢cm due to an insuffi-
cient understanding of the detector and backgrounds, the
FV mass for SRO and SR1 are (3.97 &+ 0.20) and (4.10 +
0.19) t, respectively. The total exposure in this analysis
is 3.51 txyr.

Light from S1 or S2 signals can create delayed electron
signals via photoionization of impurities in the LXe [16].
The photoionization strength, defined as the ratio be-
tween the number of measured photoionization electrons
within 2.2 ms after an S2 signal larger than 10 000 PE and
the number of electrons in the S2 signal itself, increased
tenfold after a long maintenance and upgrade phase be-
tween SRO and SR1. One hypothesis of the increased
photoionization is that components in the radon removal
system [22] are releasing photoionizable impurities after
the upgrade, which enabled high flow extraction from the
LXe target. No impact is observed from these impurities
on the electron lifetime, which is an attenuation coef-
ficient for the attachment to electronegative impurities
during the drift of ionization electrons.

Signal inhomogeneities due to position- and time-
dependent effects are corrected as described in [21]. The
increased and varying photoionization strength in SR1

requires further time-dependent corrections to the S1
and S2 signal areas. After all corrections, the sta-
bility of the corrected S1 and corrected S2 (cS2) sig-
nals in SRO are within 1% and 1.9%, respectively, and
0.3% and 1.1% in SR1. The variations are propa-
gated as uncertainties into the determination of the
photon gain (g1) and electron gain (g2). Using the
method described in [21], g1 and g2 in SRO (SR1) are
found to be (0.151+£0.001) [(0.137+£0.001)] PE/photon
and (16.5+0.6) [(16.9+0.5)] PE/electron, respectively.

CEVNS signal — The expected NR spectrum of
8B CEvVNS in LXe, considering the solar 2B neu-
trino flux measured by the Sudbury Neutrino Obser-
vatory(SNO) [23], the ®B neutrino energy spectrum
from [24] and the CEVNS cross section on Xe predicted
by the SM [25], is shown in Fig. 1, with 90% of detectable
recoils between 0.7 and 2.1keV. The main contribution is
from neutrinos with energies between 8 and 15 MeV. The
low-energy NR response in this search is calibrated with
152keV mneutrons from an external *YBe source [26],
with the recoil spectrum also shown inFig. 1. The un-
certainty in signal acceptance arises from uncertainties
in S1 reconstruction, classification acceptance, and event
selection acceptance. A model for light yield (Ly) and
charge yield (Qy) is fitted [27] to calibration data using
a method similar to that described in [28]. The uncer-
tainties of yields are propagated into the final inference
with two parameters, 1, and tqy, which determine the
relative shift of Ly and Qy from their median toward the
+10 quantiles. This calibration will be presented in an
upcoming publication [29]. Ly and Qy below 0.5keV are
assumed to be zero, which has a negligible impact on the
8B CEVNS detection rate.

The expected 8B CEVNS rate in our previous WIMP
search region [30] is 0.2 events/(txyr). To increase the
rate of detected 8B CEVNS in this search, the signal ac-
ceptance is improved by lowering two thresholds. First,
the S2 signal threshold is reduced from 200 PE in the
WIMP search to 120 PE in this search. Second, the S1
coincidence requirement was lowered from threefold coin-
cidence to twofold coincidence, now minimally requiring
only two PMTs with hits within +50ns around the max-
imal amplitude of the S1 waveform. The reduced thresh-
olds lead to an expected 8B CEvVNS detection rate of
3.7(3.3) events/(txyr) in SRO(1), a factor of ~17 larger
than in the WIMP search.

The ROI in this analysis is defined to be two or three
hits for S1 signals and (120, 500) PE for S2 signals. The
upper bound of the S2 area range is set to retain most of
CEvNS signal and to remove electronic recoil (ER) back-
grounds from 3 and vy radiation, which have higher ratios
of S2 to S1 than NRs [31]. S1 signals with more than
three hits are rarely produced by 8B CEVNS and such
events are therefore not included in this analysis. Events
in the ROI are blinded except those with radial positions
larger than 63.0 cm, which are used to model the surface
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induced by solar ®B neutrinos in XENONnT with (without)
acceptance loss is shown by the dark (light) red line. The
green line shows a scaled spectrum of all energy depositions
from ®¥YBe calibration.

events produced by 219Pb plate out on the TPC wall [32],
and are not part of the dataset for the search. Three-
fold events were unblinded in the SRO WIMP search [14],
which contributes to < 3% of total 8B CEvVNS rate since
twofold events dominate and SR1 has more exposure.

Cuts based on the features of S1 and S2 peaks, inher-
ited from [17], are employed to ensure the quality of the
reconstructed events. S1 signals composed of at least two
hits are required to be larger than 1 PE. S1 signals up to
4 PE are accepted in size per PMT. S2 signals must be
detected by both PMT arrays with a reasonable signal
fraction of around 75% in the top array. S2 signals de-
tected on the top array are also required to follow the ex-
pected pattern from the optical response of XENONnNT.
Events with multiple S2 signals are rejected to suppress
the neutron background. As in [17], events found in co-
incidence with either MV or NV are rejected.

Backgrounds — This analysis considers accidental co-
incidence (AC), surface, neutron, and ER background
components, as in the search for solar 8B CEVNS sig-
nals with the XENONIT detector [7, 28]. The AC is
the dominant background, formed by accidentally paired
“isolated” S1 and S2 signals. The accidental pileup rate
of these isolated S1 and S2 signals within the maximum
drift time is significant, reaching several hundred events
per day before mitigation measures are applied.

The primary source of the isolated S1 and S2 signals
in the 8B CEVNS search ROI are delayed signals after
high-energy (HE) interactions. These interactions, with
characteristic S2 areas larger than 10 000 PE induced pre-
dominantly by 7y rays from the materials’ radioactivity,
are known to contaminate their subsequent time interval
with single photoelectron PMT hits and small S2 sig-
nals. This phenomenon has been observed in many LXe
detectors [7, 8, 33]. While the physical mechanism is still
under investigation [34, 35], the AC background can be
modeled by data-driven simulation, after applying dedi-
cated cuts to remove the isolated peaks correlated with
their preceding HE peaks.

The impact on an isolated signal by a preceding HE
event is quantified by the ratio of 52,6 to Atpre, where
S2prc is the S2 area of the HE event and Aty is the time
between the HE event and the isolated signal. All the HE
events 1 sec before the isolated signal are considered and
the event with the largest ratio of S2,e to Atpe (de-
fined as S2pre/Atpre) is identified as the most influential
one on the isolated signal rate. Cuts are then applied
on S2pre/Atpre to minimize the isolated signal rate. A
time window of 2.2ms (one maximum drift time) is ve-
toed after any HE interaction in SR0O. In SR1, due to the
increased photoionization rate, the veto window is ex-
tended to 4.4 ms. The cut on S2ppe/Atpye for 2 (3)-hit S1
signals is less than 10.1 (38.2) PE/ps, effectively reducing
isolated S1 rates by more than 80% (50%) while accept-
ing 87% (96%) of 8B CEVNS signals. Localized bursts of
intense single-electron (SE) emission observed in SRO [30]
appear more frequently in SR1, contributing also to the
isolated S2 signals. For isolated S2 signals, correlations
with preceding HE events and the localized SE burst in
(X,Y) position are utilized, accounting for the uncer-
tainty in position reconstruction. Two-dimensional cuts
in time and position are developed, effectively rejecting
over 50% of isolated S2 signals while accepting around
96% of B CEvVNS signals.

After all the cuts, the average isolated S1 and S2 signal
rates in SRO (SR1) are 2.3 (2.2) Hz and 18 (26) mHz, re-
spectively. By injecting simulated 8B CEVNS signals at
random times and positions into the real data, the over-
all acceptance of these cuts is evaluated to be 75% (85%)
for 2- (3)-hit signals. The isolated S1 and S2 waveforms
are then sampled and assigned a random drift time be-
fore being merged into artificial AC events. Facilitated
by [36], the simulation improved compared to [7] in pre-
serving the S2pre/Atpre spectrum and modeling the time
dependence to minimize the systematic uncertainties of
the AC model.

Two boosted decision tree (BDT) classifiers are devel-
oped to distinguish between 8B CEvVNS signals and the
AC background events. The output scores from these
classifiers are used as analysis dimensions in the final like-
lihood. The distributions of S1 photons of 8B CEVNS
signals in time and across the PMT arrays differ from



those of the isolated S1 signals induced by a random
pileup of PMT hits. Features from these distributions
are therefore combined in an S1 BDT score. Another
BDT assesses the S2 signal shape and the time between
the S1 and S2 signals, which in 8B CEVNS signals are
correlated due to diffusion of the drifting electron cloud,
but this correlation is absent for the AC background. A
cut on the S2 BDT score is applied to reject about 90%
of the AC background events while retaining more than
80% of the signal events.

The S2 pulse shape changes close to the perpendicular
supporting wires [14, 30], so applying the S2 BDT cut to
those events would introduce systematic errors in signal
acceptance. Consequently, events close to the perpendic-
ular wires are excluded from the analysis. Because of the
S2-area-dependent position resolution, this leads to an
S2-area-dependent reduction in the S2 acceptance rather
than a reduction of the fiducial mass. Simulated S1 and
S2 waveforms [37] are used to assess the acceptance loss
due to cuts. The difference between acceptances esti-
mated by simulated events and calibration data is smaller
than 10%, which is assigned as the uncertainty on the to-
tal acceptance. Fig. 1 shows the total acceptance for S1-
and S2-based cuts as function of NR energy.

AC-rich datasets are selected to validate the AC back-
ground model, including events with unphysically long
drift times, calibration datasets featuring a high rate
of isolated peaks, and an AC sideband mainly made of
events rejected by the S2 BDT cut. These validations are
performed with a binned likelihood goodness of fit (GOF)
test in all the same dimensions as used in the statisti-
cal inference to search for 8B CEVNS signals, including
€S2, S2pre/Atpre, S1 BDT score, and S2 BDT score. In
all these validation datasets, good agreements between
AC prediction and observation in the 8B CEvNS ROI
is achieved, constraining systematic uncertainties on the
AC rate to be below 5%. Conservatively, the system-
atic uncertainty of the AC background is solely estimated
from the AC sideband, which is unblinded only after the
AC prediction and event selections are both fixed. The
AC model passed the binned likelihood GOF test with
the sideband data at a p-value of 0.16. The AC back-
ground uncertainty for SRO (SR1) is 9.0% (5.8%), based
on statistical uncertainties from the AC sideband data.
The expected numbers of AC background in SRO and
SR1 are (7.54£0.7) and (17.8+1.0), respectively. Details
about the AC sideband unblinding are provided in Ap-
pendix A.

Surface events produced mainly by 2'9Pb plate out on
the TPC wall have reduced S2 signals [32], which could
lead to leakage of events into the ROI. A data-driven
approach is adopted to derive the radial distribution of
this background. Because of the limited statistical data,
deriving and validating the data-driven model across all
four analysis dimensions is currently unfeasible. Conse-
quently, the outer radius of the FV for SRO (SR1) is set

at 60.15cm (59.60 cm), such that surface events are ex-
pected to be less than 0.12 (0.23), respectively. At this
level, this background can be safely neglected without
risk of signal-like mis-modeling in the 8B CEVNS search
according to a dedicated toy Monte Carlo (MC) study.

Radiogenic neutrons originating from the detector ma-
terials are modeled using the framework of [28] with
neutron spectra from updated knowledge of the detector
material radioactivity. The prediction for SRO and SR1
are (0.13 +0.07) and (0.33 & 0.19) events, respectively.
The rate uncertainty of 58% is derived from neutron can-
didates in SRO tagged by the NV. In the CEvNS ROI, the
NV and MV tagged one event each after a dedicated un-
blinding, which is in agreement with the expected num-
ber of events vetoed by accidental coincidence between
the TPC and the veto detectors.

The ER background is composed mainly of S decays
from radioactive impurities such as 2Pb and 8°Kr, and
electrons scattered by external y rays and solar neu-
trinos [28]. The shape of the ER background in the
8B CEVNS ROLI is generated by [27] with emission model
fit to the 229Rn calibration data [28]. The rate of
ER background events is derived by fitting the events
with ER energy above 20keV, assuming a flat ER spec-
trum. However, the emission model in low energy has
large systematical uncertainty. If using the light and
charge yields from the Noble Element Simulation Tech-
nique(NEST) [38, 39], the expected ER rate is 10 times
lower. To account for this discrepancy, a 100% uncer-
tainty is assigned to the ER rate. Consequently, the
assumed ER background in SRO and SR1 is taken to
be at most 0.13 £ 0.13 and 0.56 & 0.56 events, respec-
tively. Measurement of the light and charge response in
XENONnT with a 0.27 keV calibration using a 37 Ar elec-
tron capture (EC) source, which will be introduced in a
future publication, also confirms the nominal rate of the
ER background is a conservative choice.

TABLE I. The expected and best-fit number of events from
signal and background components in the ROI. The uncer-
tainty in the expectation accounts for contributions from sig-
nal detection efficiency, Ly, and Qy. The uncertainties of
background expectations correspond to the width of the Gaus-
sian constraints in the fit, the ®B signal is not constrained.

Component Expectation Best-fit
AC (SR0) 7.5 + 0.7 7.4 4+ 0.7
AC (SR1) 17.8 + 1.0 17.9 + 1.0
ER 0.7 + 0.7 0.5%0:¢
Neutron 0.57902 0.5+ 0.3
Total background 26.4713 26.3 + 1.4
B 11.9793 10.7757
Observed 37




Statistical Inference — S2pye/Atpre, S1 BDT score, S2
BDT score, and ¢S2 are the four dimensions used to dis-
criminate between the 8B CEVNS signal and the domi-
nating AC background. The background and signal mod-
els are coarsely binned, with three bins in each of the
four analysis dimensions for a total of 81 bins. A four-
dimensional binned likelihood analysis is performed. The
bins are chosen to have the same expected number of AC
background events in the projection of each dimension.
The chance for mis-modeling of the AC background due
to the limited number of isolated S1 and S2 peaks is neg-
ligible, as validated via toy MC simulations.

The extended likelihood function is constructed as

£u,0) = T £:600) % [[mi0n)s (1)

i=0,1

where the parameter of interest u can either be the solar
8B neutrino flux (®), or the flux-weighted CEVNS cross
section on Xe (UCEst). 5 are the nuisance parameters,
i iterates through the two science runs, and m iterates
through the nuisance terms: the constraints on try, and
tqy, the signal acceptance uncertainty and the uncertain-
ties in the rates of the AC, neutron, and ER backgrounds.
The nuisance parameters 6, are constrained via external
measurements, modeled by Gaussian pull terms L, (0, ).
The models of 8B CEvVNS and neutrons change in shape
and expectation value with tr, and t{qy. The AC back-
ground rates are independent between science runs, while
all other parameters are coupled.

The 8B CEvNS discovery significance and the con-
struction of a confidence interval for the ®B neutrino
flux are computed using a test statistic g, based on the
profile log-likelihood ratio as in [28, 40]. The critical re-
gion for the confidence interval construction and expected
discovery significance are computed with toy MC simu-
lations using [41]. Consistency between the model and
data is evaluated by a combination of four binned likeli-
hood GOF tests performed on the four one-dimensional
projections, combining SRO and SR1. The p-values are
computed based on the distribution of the binned likeli-
hood GOF test statistic obtained via toy MC simulations.
A threshold of 0.013 is selected for each test to obtain a
95% confidence limit (CL) for the final combined test.
The test is defined before unblinding and its suitability
to reject mis-modeling is assessed using toy MC simula-
tions.

The strategy to report the result from the 8B CEvVNS
search is decided before unblinding. A Feldman-Cousins
construction [42] is used to constrain the solar 8B neu-
trino flux and the CEvVNS cross section ocgvns with-
out setting a threshold on p-values for reporting a two-
sided measurement. The expected 8B CEVNS signal un-
der the nominal emission model is 11.9745 events, with
the uncertainty originating from S1 and S2 acceptances
and detector response to low-energy NRs. The expected
background is 26.4713 events, dominated by the AC

8B CEvNS mmmlAC Neutron MEMER ¢ Data
100 200 300 400 500

20 { { - - SRO

10

SR1
100 200 300 400 500
cS2 [PE]
20 {
10
g
Q
g 00 0.2 0.4 0.6 0.8 1.0
& Quantile of S2pre / Abpre
_.cg ;
g 20 {
>
[
10

0.0 0.2 0.4 0.6 0.8 1.0
Quantile of S1 BDT score

{

10

0.0 0.2 0.4 0.6 0.8 1.0
Quantile of S2 BDT score

FIG. 2. Distributions of best-fit signal and background, to-
gether with the data in the projected analysis dimensions,
summing both science runs. The observed number of events
with Poisson uncertainties in each bin is shown in black.
The 8B CEVNS signal is represented by the light green his-
togram on top of the backgrounds, which are indicated by
purple (AC), blue (ER), and yellow (neutron) histograms. As
the bin edges on each analysis dimension vary from SRO to
SR1, the plot for ¢S2 is shown in double axis, and the other
dimensions are shown in quantiles of the AC background for
the summed results.

background, as shown in Tab. I. With the final back-
ground prediction summarized in Tab. I, the probability
of obtaining a > 20 (30) discovery significance with this
dataset is estimated to be 80% (48%) using toy MC sim-
ulations.

Before unblinding the 8B CEVNS search data, the sig-
nal and background modeling are validated in the four-
dimensional space by measuring the Ly of the 37Ar L-
shell electron capture ER signal at 0.27 keV, where Q is
constrained [43] but Ly has not yet been measured. The
background in the 37Ar data at this low-energy region is
dominated by the AC background due to the high rate of



isolated S2 signals. The Ly of 3Ar L-shell is measured
by fitting the 37Ar calibration data [21] with the 7Ar
signal and the AC background. This fitting is analogous
to the search for 8B CEVNS signals in terms of the signal
dependence on the light and charge yields, the dominant
background, and the energy region. Using approaches on
the signal and background modeling comparable to the
8B CEVNS search, the best-fit of the 37Ar signal model
and the AC background is consistent with the data in all
of the four analysis dimensions. More information about
this validation is described in Appendix B.

Results — After unblinding, 9 and 28 events are ob-
served in SR0O and SR1, respectively. The observed num-
ber of events is consistent with the expected ¥B CEVNS
signal on top of the background. The best-fit values of
background components and 8B CEvNS signal from the
unconstrained fit are also shown in Tab. I. The best-fit
nuisance parameters g are all within +0.3 0 constrained
by the external measurements. The background-only hy-
pothesis, with no 8B CEVNS signals, is disfavored with
a p-value of 0.003, corresponding to a statistical signifi-
cance of 2.73 0.

The distributions of the observed 37 events and the
best-fit model projected to each analysis dimension are
shown in Fig. 2. A detailed plot showing the SRO and
SR1 results separately is presented in Appendix C. The
p-values in ¢S2, S1 BDT score, and S2 BDT score show
a good match between the unconstrained best-fit model
and observations. The p-value in the S2,.e/Atpe is
0.008, indicating a potential mis-modeling. No other in-
dication of possible mis-modeling is found by inspecting
the individual events in the dataset or the AC sideband
data. Abandoning S2,./Atpe in the statistical inference
would lead to a larger best-fit 8B CEVNS signal of 13.1
events with a statistical significance of 3.22¢. In addi-
tion, two tests of overdensity in (X,Y") space were defined
before unblinding, although not part of the analysis di-
mensions. One returned a p-value below the threshold
of 0.018, prompting checks including inspection of event
distributions in all cut spaces that show no indication of
mis-modeling.

Assuming the flux-weighted CEvVNS cross section
ocevNs predicted by the SM, Fig. 3 shows the
XENONNT constraint on the solar 8B neutrino flux of
(4.7738) x 10%cm—2s~! at 68% CL. With the solar *B
neutrino flux being constrained by SNO [23], Fig. 4 shows
the first measurement of the flux-weighted CEVNS cross
section ocgpyng on Xe as (l.lfg:g) x 10739 cm?2, consis-
tent with the SM prediction of 1.2x1073%cm?. Since the
momentum transferred from a solar ®B neutrino to a Xe
nucleus is < 20 MeV /¢, this measurement is less sensitive
to uncertainties in the nuclear form factor compared to
CEvVNS measurements made by the COHERENT collab-
oration with neutrinos produced by the SNS [44]. The
measurements of the flux-weighted CEVNS cross section
on Csl [44], Ar [5], and Ge [45] nuclei by the COHER-
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FIG. 3. Constraints on solar ®B neutrino flux. Top: the

68% (90%) measurement of solar ®B neutrino flux from this
work is shown in black (gray). The 68% CL measurement from
SNO [23], and 90% CL upper limits from XENONI1T [7] and
PandaX-4T [8] are also shown. Bottom: the solid red line
shows the profile likelihood ratio test statistics g, as a function
of solar ®B neutrino flux. The constraints are derived with
Feldman-Cousins construction at 68% (90%) CL, indicated by
the black (gray) curve.
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FIG. 4. Measurements of the flux-weighted CEVNS cross sec-
tion ocevns. The measurement using Xe nuclei solar 8B neu-
trinos from this work is shown in black. The 90% CL upper
limit from XENONIT [7] is shown in blue. The measurements
with neutrinos from the SNS by the COHERENT collabora-
tion using Csl [44] (red), Ar [5] (green) and Ge [45] (orange)
nuclei are also shown. For comparison, the SM predictions
are shown by vertical dashed lines.

ENT Collaboration are shown in Fig. 4 for comparison.
Because of the lower average energy, the solar ®B neu-
trino flux-weighted CEVNS cross section is the lowest one
measured to date.

Summary — We performed a blind search for NR sig-
nals from solar B neutrinos via CEVNS with XENONnT
using data from two science runs with a combined expo-
sure of 3.51txyr. By lowering the S1 and S2 thresholds,
we are able to include NR signals as low as 0.5 keV. Vari-



ous techniques are developed to reduce the dominant AC
background. Various calibrations, including 88YBe and
37 Ar, are performed to understand the detector response,
signal, and background modeling. The data disfavor
the background-only hypothesis at 2.73 0. The uncon-
strained best-fit number of 8B CEVNS signals is 10.7757,
consistent with the expectation of 11.9755 events, based
on the measured solar 8B neutrino flux from SNO [23],
the theoretical CEVNS cross section with Xe nuclei [25],
and the calibrated detector response to low-energy NRs
in XENONnNT. Thus, the measured solar 8B neutrino flux
is (4.773%) x 105 cm =257, consistent with SNO, and the
measured neutrino flux-weighted CEVNS cross section on
Xe is (1.179-%) x 1073% cm?, consistent with the SM pre-
diction. As XENONNT continues to take data, more pre-
cise measurements are expected in the future.
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Note Added — Recently, we noticed the results of the
8B neutrino flux measurement from the PandaX Collab-
oration with a similar statistical significance in [46].

Appendiz A: AC Sideband Validation — The AC side-
band validation is also performed with a blind analysis,
before unblinding the 8B CEVNS search data. After the
AC event selection and prediction are both fixed, the SRO
and SR1 AC sideband datasets are unblinded. With the
initial S2 threshold of 100 PE, 133 (416) events are ob-
served in SRO (SR1) with an expectation of 135.9 (368.2).
With the four-dimensional binned likelihood GOF' test,
the prediction and the observation in SRO show an ac-
ceptable agreement. However, the test on SR1 showed
a mismatch with a p-value of 0.03. All the analysis di-
mensions are inspected and the mismatch is only present
below 120 PE in S2, suggesting that the mismatch in SR1
is most likely due to the increase in photoionization. The
S2 thresholds for both SRO and SR1 are thus conserva-
tively increased for the 8B CEVNS search data, with mi-
nor loss in the discovery potential of the solar 8B CEVNS
signals. The final prediction of the AC background and
observations in the AC sideband are shown in Tab. II.
The projection of the four analysis dimensions with the
same binning used in the 8B CEVNS search in sideband
data with the S2 larger than 120 PE in both SRO and
SR1 data are shown in Fig. 5.

TABLE II. AC sideband validation. The expected and ob-
served numbers of events are for a 120 (100) PE S2 threshold.

Science run  Expectation Observation p-value
SRO 122.7(135.9) 121(133)  0.33(0.74)
SR1 302.5 (368.2) 326 (416)  0.16 (0.03)

Appendiz B: Modeling validation — The signal and
background modeling is validated by the measurement of
Ly of 3TAr L-shell EC, which is performed with a blind
analysis. The AC background in this measurement is es-
timated to be 1062+£53 based on a similar modeling ap-
proach to that in the 8B CEVNS search. After unblind-
ing, 1676 events are observed. The observed events above
the expected AC background are strongly validated by a
four-dimensional GOF test, yielding a p-value of 0.92.
Fig. 6 shows the observed events in the same analysis
dimensions as the ®B CEVNS search along with the AC
background and the best-fit 3" Ar L-shell EC signal during
the 37Ar calibration. The measurement will be presented
in a future publication.

Appendixz C: Separate SRO/SR1 best-fit results — The
distributions of the observed events in SR0O and SR1 and
the corresponding best-fit model projected to each anal-
ysis dimension are shown individually in Fig. 7.
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