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Abstract: Liquid xenon is one of the leading targets to search for dark matter via its elastic scattering
on nuclei or electrons. Due to their low-threshold and low-background capabilities, liquid xenon
detectors can also detect coherent elastic neutrino—nucleus scattering (CEvNS) or neutrino—electron
scattering. In this paper, we investigate the feasibility of a compact and movable liquid xenon
detector with an active target mass of O(10~100) kg and single-electron sensitivity to detect CEVNS
from anti-neutrinos from a nuclear reactor. Assuming a single- and few-electron background rate
at the level achieved by the XENON10/100 experiments, we expect a 5-c detection of CEvNS with
less than 400 kg-days of exposure. We further investigate the sensitivity of such a detector to
neutrino magnetic moment with neutrino electron scattering. If an electronic recoil background rate
of 0.01~0.1 events/keV /kg/day above 1 keV can be achieved with adequate shielding, a liquid
xenon detector can reach a neutrino magnetic moment sensitivity of 107! 15, which would improve
upon the current most-constraining laboratory limits from the GEMMA and Borexino experiments.
Additionally, such a detector would be able to probe the region compatible with a magnetic moment
interpretation of the low-energy excess electronic recoil events recently reported by XENONIT.

Keywords: neutrino—nucleus interaction; solar neutrino; reactor neutrino; dark matter searches

1. Introduction

Detecting reactor neutrinos via neutrino-nucleus coherent elastic scattering (CEvNS)
has been proposed in recent years using cryogenic bolometers [1,2], noble liquids [3,4],
skipper CCDs [5], and low-threshold high-purity germanium detectors [6,7], thanks to
the development of these sub-keV threshold nuclear recoil (NR) detectors for dark matter
direct detection experiments. CEvNS is a Standard Model (SM) neutrino interaction process
mediated by neutral weak currents [8], with a cross section approximately proportional to
N?, the square of the number of neutrons in the nucleus. The much larger cross section
of CEVNS compared to other processes, such as the inverse beta decay (IBD), allows
the detection of neutrinos with much smaller detectors. CEvNS was first observed by
the COHERENT experiments [9,10] using neutrinos from the Spallation Neutron Source.
Detecting reactor neutrinos via the CEvNS process will not only utilize another neutrino
source for the investigation of neutrino properties, but also provide potential applications
in the safeguard of reactor fuels.

Noble liquid (liquid xenon and liquid argon) detectors have been successfully used in
the dark matter direct detection experiments [11-14], with detector target masses ranging
from 10 kg to 2 tonnes and nuclear recoil thresholds down to sub-keV with the ionization-
only channel capable to search for sub-GeV light dark matter. The technology has not been
used for the CEvNS detection of reactor neutrinos. A two-phase liquid argon detector [15]
was proposed in the last decade but the difficulty to achieve a lower background due to
the radioactive Ar-39 at that time prevented further development. With the discovery of
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underground argon [16] with Ar-39 depleted, and the demonstration of sub-keV threshold
of a liquid argon detector [13,17], the two-phase argon emission detector has regained
interest towards reactor neutrino CEVNS detection, see, e.g., in [4].

For liquid xenon, although the XENON1T experiment [14] has achieved sub-keV
threshold and a very low background, such a massive detector is not practical to be
deployed near a reactor core due to its size, cost, complicated supporting systems, and the
high muon-induced background at surface. An O(lOO) kg detector, the RED-100 [18], is
being developed for the CEvNS detection of reactor neutrinos at the Kalinin nuclear power
plant. With the high cross section of CEvNS, an even smaller liquid xenon target at O(10)
kg with better background control is possible for a first detection of reactor neutrinos via
CEvNS. In addition to CEvNS, these compact liquid xenon detectors may also detect the
neutrinos via electron-scattering and probe new physics related to neutrino properties,
such as the neutrino magnetic moment.

In this paper, we study the feasibility of a 10-100 kg scale liquid xenon detector for
CEvNS detection of reactor neutrinos with the realistic signal model for nuclear recoils
in liquid xenon down to sub-keV and the most recent understanding of the relevant
background down to single ionization electrons. We further estimate the sensitivity to
neutrino magnetic moment (NMM) using such a compact and low-threshold detector
near a nuclear reactor core. Detecting and measurement of the CEvINS cross section and
constraints on NMM from reactor neutrinos in liquid xenon will provide further input to
the large liquid xenon experiments [19-21] for dark matter search, where the CEvNS from
solar, atmospheric, and other neutrinos will be the ultimate background.

2. Liquid Xenon for the Detection of CEvNS Events from Reactor Neutrinos

For neutrinos scattering in a medium, the CEvNS event rate per unit mass and time is
given by
dR E™ do do
S =N [ e SdE, M
dER Ejmn dEU dER
where N7 is the number of targets (electrons for ER and nuclei for NR) per unit mass in
the medium, Ey is the energy of the recoiling nucleus, and E, is the energy of the neutrino.
The CEvNS cross section for a nucleus with N, Z is given by [22]
2
do  Gg
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where F? (ER) is the Helm form factor given by [23].

We use the reactor antineutrino spectra in Figure 3 of [24] (above 2 MeV) and [25]
(below 2 MeV) and assume a fuel mixture of 23°U (26%), 233U (7.6%),23°Pu (51%), and %*'Pu
(14.8%) to obtain the overall antineutrino spectrum via

S(EV) - Z fl (3)

ith isotope

AN,
dE,

where f; and ZI};:L are the proportion of fissions and the antineutrino spectrum from the *"

v

isotope, respectively. The formula for gg’ is given by [24]

dN;
% = Y Ya(Z, A) Y b Po(Eo, Z) 4)

n,j

where Y,,(Z, A) is the cumulative fission yield for the nth g decaying nucleus, b, ; is the
branching ratio to the jth daughter, and P is its antineutrino spectrum.

We then calculate the CEVNS rates from the reactor anti-neutrinos for several dif-
ferent noble element targets, shown in Figure 1 (top), assuming an anti-neutrino flux of
6.3 x 10'2 cm 257!, which is approximately the flux at a distance of 25 m from the core
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of a 3 GW thermal power reactor [15]. The energy of the nuclear recoils from CEvNS on
a xenon target is smaller than 1 keV, making the detection very challenging. If a liquid
xenon detector reaches a NR threshold of 300 eV, ~10 events/kg/day would be detected.
Other noble elements can also be used. The total number of CEvNS events from neutrinos
on the lighter element is smaller, but the energy transfer is larger. In order to detect about
10 events/kg/day, detectors with Ne, Ar, Kr, or Xe elements all require sub-keV NR thresh-
old. A detector with He target will require a larger target mass to detect similar number of
events per kg per day. The detector technologies for different noble elements, including
the cryogenics, photosensors, and purification are different. In this paper, we focus on the
study of the liquid xenon target for which the detector technology was well developed.
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Figure 1. (Top): calculated CEvNS rates in different noble elements from reactor anti-neutrinos
with a flux of 6.3 x 102 ecm~2s! and assuming 7.6% 2387, 26% 235U, 14.8% 241Py, 51% 2¥Pu
fission elements composition. (Bottom): expected reactor anti-neutrino CEvNS rates in number of
detected electrons, compared with the background rates measured in several experiments. A “Fitted
Background” (dashed green) from the XENON10/XENON100 is used as a benchmark background
rate in a 10-100 kg liquid xenon detector for this study. The difference of background rates at this
energy range from different experiments are due to their relative size and operation locations (see
text for details).

The responses of liquid xenon to low-energy nuclear recoils, from the interaction of
particles, such as neutrons, neutrinos or the hypothetical dark matter candidate Weakly
Interacting Massive Particles (WIMPs), and electronic recoils, from gamma rays or electrons,
were well investigated in the last two decades, especially using the liquid xenon time
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projection chambers (LXeTPCs), see, e.g., in [26,27]. LXeTPCs extract two signals for each
nuclear or electronic recoil interacting in the medium. One is the prompt scintillation signal
(51), from the direct excitation and recombination of electron—ion pairs. The other is a
delayed signal (52) from ionization electrons escaping the recombination and amplified
through electroluminescence in the gas phase. Both S1 and S2 signals are recorded by arrays
of photosensors, usually photomultiplier tubes (PMTs). The energy threshold of LXeTPCs
in standard analyses is set by the S1 light collection efficiency to 2-3 photoelectrons (PE).
In contrast, thanks to the inherent S2 amplification, even a single extracted electron can
produce ~20-100 PE in 52, which thus allows for a lower energy threshold when using this
channel alone (“S2-only” or “ionization only” analysis). This technique can detect a “single-
electron”, from the ionization of a 300 eV nuclear recoil in liquid xenon, with full efficiency,
as demonstrated by a latest measurement [28] employing this technique. Below 300 eV,
the efficiency falls off quickly as such a low energy nuclear recoil would not produce even
a single ionization electron.

We convert the energy spectrum to the ionization spectrum using the latest measured
charge yield, Q,(Eg) which is the expected number of ionization electrons produced per
unit kinetic energy released in liquid xenon by the nuclear recoils, from [28]. The expected
number of electrons for a given energy is then EgQy(Eg), and is assumed to follow a
Poisson distribution. Therefore, the rate of CEvNS events per mass/time/electrons is

dR e PR R (ERQ, (ER))™

Rine) = | 54 gl

dEg. ®)

Figure 1 (bottom) provides our calculated rate as a function of number of detectable
electrons produced by the CEVNS process of reactor anti-neutrinos in the liquid xenon
detector. We use the charge yield at 220 V/cm [28] measured in liquid xenon and expect
not much change at higher drift fields. According to the calculation, about 440 CEvNS
events, among which about 270 events producing at least two ionization electrons, are
expected in a 100 kg-days exposure in a liquid xenon target. The highest rate is at the single
and double ionization electron level. The high event rate from reactor neutrino coherent
scattering in the liquid xenon detector makes it feasible to monitor the reactor anti-neutrino
flux in real time. For example, a 100 kg mass detector can measure the daily event rate with
~5% statistical uncertainty, assuming the background is negligible.

We compare the calculated rate with the single-and-few electron background rates
measured in the XENON10 [11,29], XENON100 [12], and XENONIT [14] experiments.
These are the three generations of dark matter search experiments using LXeTPC technology
with target masses at about 15 kg, 60 kg and 2 tonnes, respectively, all located at Gran Sasso
Underground Laboratory in Italy. We also compare the calculated rate with a special run of
the RED-100 detector [18] to measure the “spontaneous” single electron rate at the surface.
RED-100 is also a LXeTPC with about 160 kg active liquid xenon target, specially designed
for the detection of reactor neutrinos at the Kalinin nuclear power plant in Russia. While the
calculated rate for single and double electrons from CEvNS is still lower than the current
lowest single-and-double electron background rate achieved [29], the rate at 3-5 electrons
is comparable to the achieved background in a 10-100 kg LXe detector. For comparison,
the background rate caused by accidental coincidence of “spontaneous” single electrons
measured in the RED-100 detector at surface [18] is lower than the calculated CEvNS rate
at or above 5 electrons. The XENONIT [14] detector achieved much lower rate above
3 electrons, but the detector is too large to be placed near a reactor core.

Investigation of the sources of the single-electron background in liquid xenon detectors
was carried out in the last few years [30,31], pointing to several origins: one is related to
the impurities [32] in liquid xenon which could attach drifting electrons and later release
them, another is from the electrons trapped at the liquid—gas interface [33] in the two-phase
emission detector and later released to the gas phase, and other possible impurities that
would release electrons spontaneously. For the impurity related single electron background,
a significant reduction of impurity compared to the current state-of-art liquid xenon purity
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is required. In addition to a fast circulation and purification speed with gaseous or liquid
xenon, attempts to contain the liquid xenon target in a sealed chamber to reduce the out-
gassing contaminant were tried [34,35]. For the electrons trapped below the liquid surface,
a stronger extraction field [36] is needed to reduce them. However, there are limitations of
supplying strong field in the liquid-gas interface. One alternative solution is to avoid the
liquid-gas interface by amplifying the single-electron signals through electroluminescence
in liquid xenon directly [37-39].

3. Discovery Significance to Detect Reactor Neutrinos

In this section, we estimate the discovery significance to detect reactor neutrinos by
considering the expected CEvINS events as calculated in Figure 1 (bottom). The single-and-
multiple electron background in the liquid xenon detectors are difficult to be modeled.
Instead, we use a fitted background from XENON10/XENON100 measured rates as a
benchmark background assumption. The background for XENONI1O0 is efficiency corrected
and fitted with four Gaussians (representing 1, 2, 3, and 4¢~) and the XENON100 back-
ground is fitted with a power law. As the single-electron rate is much higher than the
expected background, we performed our study using a threshold of 2, 3, 4, 5¢~ with an
upper range of 10 electrons, above which the CEvNS signal rate is negligible. We use an
uncertainty of 8% for the background fluctuation, according to the systematic uncertainty
from XENON100 [12].

The likelihood function used is

L( f) _ e_(V5+fb) (],[s +fb)Nobs 1
o Nops! V27,
where y and f represent the signal and background normalizations, respectively, and o}

is the background systematic uncertainty. The test statistic used here is the g statistic
which is

e (f-1)?/20} 6)

L(0, f)
L@, f)
where the hats denote the values of y and f that maximize the likelihood function, and f

is the value of f that maximizes the function when y = 0. The median p-value and
significance are given by

‘10 = -2 11'1 (7)

[e)

p= f(qoln = 0)dqo, Significance = &~ (1 - p) ®)

med(q0,5+b)

Here, med(gg ) is the median gp when signals are injected, and f(qo|p = 0) is the
background only (no signal injected) g distribution.

The expected significance of CEVNS detection is shown in Figure 2 for four different
thresholds at 2, 3, 4, and 5 electrons. The detection sensitivity is more significant using
events with 2 to 5 electrons due to the high signal rate in this signal region. If the back-
ground level at 2 to 5 electrons cannot be achieved in a surface operation compared to the
underground operation of XENON10/100, using the 5-10 electrons region of interest (Rol)
would also give a 5-0 detection within 400 kg-days of exposure. Thus a detector with 10 to
100 kg target mass is expected to achieve this significance very quickly. Further reduction
of the background below 5 electrons will make it attractive to detect reactor CEvNS events
with a compact O(10)-kg detector. A liquid xenon detector with 2-3 electron threshold and
similar background as XENON10 will be able to achieve a 5-¢c detection within 100 kg-days
of exposure.
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Figure 2. Significance to detect neutrino CEvNS as a function of exposure using a liquid xenon
detector placed about 25 m away near the core of a 3 GW thermal power reactor, assuming differ-
ent achievable detector thresholds and a single-and-few electrons background comparable to that
measured in XENON10/100.

4. Sensitivity to Neutrino Magnetic Moment

With a precise measurement of CEvNS in xenon and liquid xenon’s capability to sup-
press electronic recoil background at keV-scale energies, we can also probe new physics be-
yond the Standard Model [40], including a search for a large neutrino magnetic moment [41],
neutrino electric millicharge [42], neutrino non-standard interactions [43], and sterile neu-
trinos [44]. A large neutrino magnetic moment of neutrinos from the Sun could explain the
recently observed electronic recoil excess events in the XENONIT experiment [45] using a
liquid xenon target. In this paper, we study the sensitivity of such a liquid xenon detector
to the neutrino magnetic moment using reactor neutrinos.

The non-zero mass of neutrinos imply a non-zero neutrino magnetic moment y,,, al-
though the value is very small ~3 x 10~ ug[m, /1 eV] [46], where yp is the Bohr magneton,
in the minimally extended Standard Model with non-zero neutrino mass. A “naturalness”
upper bound on y, for Dirac neutrinos, generated by physics above the scale of electroweak
symmetry breaking, is p, < 1071 up [47,48]. For Majorana neutrinos, on the other hand,
the theoretical bound for y, is much weaker [48], comparable to the present experimental
limits from the Borexino solar neutrino experiment [49]. Recently, the XENON1T exper-
iment observed a low-energy excess of electronic recoil events that can be interpreted
as from solar neutrinos with a large magnetic moment between (1.4 —2.9) x 10~ yp
(3.20) [45]. Although the value is in strong tension with the indirect astrophysical bounds
of ~10712 yp [50,51] and globular clusters, a reactor neutrino experiment can check the
hypothetical large neutrino magnetic moment independently. Note that, while ignored
here for simplicity, neutrino mixing does have an impact on the NMM interaction, implying
that constraints on this effective, scalar y, are not directly comparable for reactor and solar
neutrino sources. For more details, see in [52].

So far, the most stringent NMM upper limit from reactor neutrinos is 2.9 x 10~ up
from the GEMMA experiment [53], which used a 1.5 kg high-purity germanium (HPGe)
detector placed at a distance of 14 m from the 3 GWth reactor core, exposing to an an-
tineutrino flux of 2.7 x 10'3 em~2s~!. Here, we first consider the sensitivity of a 10 kg
scale liquid xenon detector to NMM from neutrino—electron elastic scattering from reactor
neutrinos with the same flux (6.3 x 10'> cm~2s~!) assumed in Section 2 using total energy
above 1 keV, where electronic recoil background is well understood, then compare the
sensitivity to NMM using the low energy ionization-only (52-only) approach, and different
signal and background assumptions.
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The event rate of neutrino—electron elastic scattering can be calculated through the
weak interaction cross section, given by [54]

d(TW o GIZ:mg

JEx ~ 21 ©)

{454 + (1 +25%)%(1 — El)2 —25%(1 4 25%)

meER
E, ’

E7

and the electromagnetic (EM) interaction with a magnetic moment y, [53],

doem I 271 1

i =) (2 2) o
where Ep, is the electronic recoil energy, the Standard Model prediction of the weak mixing
angle s> = sin? By = 0.23152 + 0.00005 [55], and ry = 2.818 x 10~!3 cm is the classical
electron radius.

For both the Standard Model v-¢ scattering and the EM neutrino magnetic moment
interaction, we account for the fact that the electrons in xenon are bounded in atomic shells.
That is, events with recoil energies below a given electron binding energy cannot ionize that
electron [56], which effectively reduces the scattering cross section. We therefore split the
energy spectra by the energies of each shell and scale each segment down by the number
of electrons available divided by Z. This accounts for the saw-tooth shape in Figure 3
(bottom), see in [56] for a more detailed calculation.
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Figure 3. (Top): the SM (solid lines) and NMM contributions (black and blue dashed lines, assuming
ty = 10711 yp) to CEVNS (black) and neutrino—electron scattering (green) channels for low-energy.
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events with “ionization (52) only”. The “fitted background” (dashed green) from measured rates in
XENON10/100 is shown as a benchmark background rate for sensitivity study. (Bottom): expected
SM (blue) and NMM (red) contributions to the neutrino—electron scattering event rates in “Total
Energy” channel. At above 1 keV, the electron recoils typically generate both S1 and S2 signals
and the “Total Energy” background can be much better controlled. A benchmark electronic recoil
background rate (dashed green) of 10 mDRU (1 mDRU = 10~3 events/keV /) from XENON100 [57] is
plotted for comparison.

The contribution of a large i, to the neutrino electron scattering rate increases rapidly
towards lower energy, even below 1 keV. However, a two-phase xenon TPC’s detection
efficiency with the primary scintillation light (51) drops quickly for events below 1 keV,
as shown in, e.g., [45]. An ionization-only (S2-only) [14] analysis improves the detection
efficiency for low-energy events close to 100% due to its capability to detect a single electron,
which has an equivalent energy to O(10) eV of electron recoil or O(100) eV of nuclear recoil
events. On the other hand, losing the S1 signals limits the capability to locate the event Z
positions resulting in worse background suppression.

The 90% upper limit to y, is thus calculated in two ways. The first way is to use the
energy spectrum from 1 keV to 10 keV (Figure 3 bottom) where the electronic recoil back-
ground is well understood and can be controlled, the second way is to use the signal and
backgrounds from the ionization-only channel from 10-20 ionization electrons as shown
in Figure 3 (top). For the ionization-only approach, the ER backgrounds are converted
into the number of ionization electrons via the NEST charge yields [58]. The background
rate increases substantially due to the reduced capability of rejecting background events
based on their position distribution in the sensitive target. In addition to the instrumental
background at single to a few electron level, the Standard Model CEvNS also contributes
significantly to the ionization-only event rate below 10 e™. A large neutrino magnetic
moment would also give a small enhancement of the CEvNS event rate according to [59]

do);  ma?uz2/1 1 Eg
-N _ — — — + R \F%E 11

The binned likelihood function used to calculate the 90% upper limit of p, is

7 tot | 7. 7tot RL - (fi —1)?
—2InL(p, f) = 2(us™ + f- V) =2 ) Nopsilnfpsi + f-bi] +), ==, (12)
i=1 j=1 i

where f represents the background rate multipliers, b represents the background compo-
nents, y is the signal multiplier, and ¢ represents the background systematic uncertainties
(assumed to be 10% for this study). The label i runs over each bin; this calculation bins the
spectra per number of electrons produced from 10-20 e~ when using the S2 only channel
and 1 keV wide bins from 1 to 10 keV when using the total energy spectrum. The test
statistic used is 4, as described in [60].

To predict the median 90% upper limit on the neutrino magnetic moment, we calculate
the distribution of §, with no signals injected for a given u by simulating 10,000 toy
experiments to find med (g, ops)- The g, distribution for experiments with a signal injected
of strength y is assumed to be a half-chi-squared distribution with one degree of freedom,
and the integral of this distribution with signals injected from med (4, 0ps) to infinity gives
the p-value of interest [60]. Then, the value of u which gives a p-value of 10% is the 90%
upper limit of ;2. Note here that [60] has a slightly different asymptotic formula for g,
with an injected signal, but the difference is negligible.

From the calculation, as shown in Figure 4, we find that the total energy (1-10 keV)
channel is very sensitive to the NMM if a low background rate similar to XENON100
(10 mDRU, 1 mDRU = 102 events/keV /kg/day) can be achieved. A 90% upper limit
about 10~!! 11 can be achieved with about 3500 kg-days of exposure near the reactor. A ten
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times higher background (100 mDRU) would still make it possible to achieve a limit better
than GEMMA, the current most-constraining reactor experiment for .

\
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Figure 4. Sensitivity (median 90% upper limit) to neutrino magnetic moment from reactor neutrinos
interaction in a liquid xenon detector, using either the ionization-only analysis for sub-keV energy
events or the total energy for events above 1 keV. For the ionization-only approach, we compare
the sensitivity between the standard assumptions (see Section 2) and more aggressive assumptions
with reduced (1/10) S2-only background or placing the detector closer to the reactor core, from
25 m to 14 m, to increase the neutrino flux. For the “total energy” analysis, we assume 100 mDRU
(10 mDRU) ER background, which is achievable in a liquid xenon detector with 10~100 kg target
mass. The upper limits (dashed horizontal lines) from GEMMA [53] and Borexino [49] experiments,
as well as the allowed range (shaded green) from the excess of low energy electronic recoil events in
XENONT1T [45] are plotted for comparison.

The sensitivity using the ionization-only channel is limited by the high background
with only 52 signals. We also calculated the ionization-only sensitivity in the case that the
background can be reduced by a factor of ten with the detector developments mentioned
in Section 2 to reduce the single-and-few electron background. This is assuming that the
impurity in liquid xenon can be reduced by a factor of ten or the electrons trapped at the
liquid—gas interface can be reduced by a factor of ten. Due to the limitation of space near
the reactor core, we keep a conservative distance of 25 m from the reactor core for the
standard rate calculation. However, if space closer to the reactor core, e.g., 14 m, is available,
the flux can be increased thus increasing the sensitivity to NMM. In any case, we get a more
stringent limit by using the total energy, which necessitates the detection of the primary
(S1) scintillation signal. The “total energy” channel requires more coverage of photosensors
thus increasing the cost and radioactivity background from photosensor-related materials.

5. Summary

In this work, we have described the expected sensitivity of an O(10-100)-kg LXeTPC
to both CEvNS and an anomalous neutrino magnetic moment using reactor neutrinos.
If the backgrounds can be sufficiently reduced at the <5-electron level, a 10 kg LXeTPC is
expected to observe CEVNS at a O(GW) reactor with high significance. In the conservative
scenario where these low-energy backgrounds are not suppressed relative to existing
experiments, a significant detection is still expected with a O(100)-kg detector. Such an
experiment might be the first to detect CEvNS with liquid xenon, which would be an
important measurement for constraining the Standard Model prediction of the CEvNS
cross sections.

We also present the sensitivity of such a detector to an anomalous neutrino magnetic
moment, which if observed would point to physics beyond the Standard Model. For this
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signal we show that, on account of the improved background suppression, the sensitivity
is best if both scintillation and ionization signals are considered, despite the higher energy
threshold. With a 3500 kg-days exposure near the reactor, we expect a LXeTPC to probe
py~10~11 g, This would be a factor of ~2 improvement relative to the GEMMA result,
which is currently the strongest limit using reactor neutrinos. Such a xenon experiment
would also cover the parameter space consistent with a magnetic moment interpretation of
the recent XENONIT excess [45], and so could either rule out or confirm this interpretation
using a different source of neutrinos.
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