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Coherent elastic neutrino-nucleus scattering (CEvNS) is predominantly governed by vector neutral-
current interactions, with subleading contributions arising from the axial current in nuclei with nonzero
ground-state spin. Experimentally, the extraction of axial-current contributions has been so far of little
interest, mainly because of the challenges its measurement entails. In this work, we investigate the relative
size of the vector and axial components for target materials currently employed by the neutrino and dark
matter experimental communities. We identify fluorine-based compounds as the most promising targets for
probing the axial-current event rate. Among them, octafluoropropane (C;Fg) emerges as a particularly
suitable candidate, given its widespread use in spin-dependent dark matter searches and its relevance for
upcoming dedicated CEvNS experiments. Considering both pion decay-at-rest and reactor neutrino fluxes,
we show that such measurements can allow an indirect determination of the axial coupling at the ~10%
level, depending on flux uncertainties and detector thresholds. We further emphasize that measurements of
the axial current will allow one to probe spin-dependent new physics scenarios through CEUNS.

DOI: 10.1103/cc36-612g

I. INTRODUCTION

Since its first observation in 2017 [1], coherent elastic
neutrino-nucleus scattering (CEvNS) [2] has enabled low-
energy measurements of Standard Model (SM) parameters
and provided a sensitive probe of new physics in the
neutrino sector (see, e.g., Refs. [3,4]). A well-established
experimental program employing a variety of target
materials and detector technologies is now underway.
Measurements of CEvNS have been performed by the
COHERENT collaboration using CslI, LAr, and Ge targets
[1,5-7], and more recently using reactor neutrinos with
germanium detectors [8,9]. In parallel, the dark matter
(DM) direct detection experiments XENONnT [10],
PandaX-4T [11], and LZ [12] have as well reported on
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their first CEvNS observations on xenon targets. Although
measurements using ®B solar neutrinos are currently
statistically limited, rapid experimental progress is
expected to significantly improve sensitivities and estab-
lish these facilities as key contributors to the global CELNS
research program. Additional measurements using alter-
native targets and novel detection techniques are either
underway or planned [13]. All these efforts are pushing
CEvNS toward a precision era characterized by reduced
experimental and theoretical uncertainties and substan-
tially larger data samples.

In this emerging precision regime, subleading effects
in the scattering process become increasingly relevant
[14-16]. Among these, the axial neutral-current contribu-
tion to the total event rate is of particular importance. To
date, this contribution has received comparatively little
attention, mainly because of the properties of the detector
targets employed so far. Because the axial interaction
depends on nuclear spin, its contribution is strongly sup-
pressed relative to the vector component, which instead
encodes the typical coherent enhancement of the process.
This suppression is especially pronounced in heavy nuclei
[17], which are those that have been predominantly used in
measurements so far. An important exception is “’Ar, an
even-even nucleus with zero ground-state spin, for which no
axial contribution is expected due to angular momentum

Published by the American Physical Society
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conservation. Upcoming experiments with larger fiducial
masses and a broader range of target materials are expected
to change this picture, opening the possibility of exper-
imentally accessing axial-current effects in CEUNS.

Although the general qualitative trend is well understood,
a quantitative assessment of the most suitable target
materials and the corresponding expected event rates is
still required. Access to the axial contribution is essential for
a complete understanding of low-energy neutral current
neutrino nucleus scattering physics. Its measurement would
open new avenues for spin-dependent new physics probes,
an aspect that has not yet been systematically explored in
this context. Furthermore, just as the vector component has
provided valuable information on SM parameters, sensi-
tivity to the axial current would provide indirect information
on the axial-vector coupling g,, traditionally measured in
cold neutron experiments (see, e.g., [18]), and, depending
on achievable statistics and detector performance, poten-
tially also on the strange axial-vector coupling g;.

Motivated by these considerations, in this work we study
axial-current event rates by comparing their magnitude with
that of the vector contribution. Guidance comes from the
extensive program of direct-detection experiments [19-21]
searching for spin-dependent DM interactions, where
nuclei with nonzero spin play a central role. In particular,
the nuclear spin structure of the relatively light nucleus '°F
has long been recognized as especially favorable for
probing axial interactions due to its large and well-under-
stood spin expectation values [22]. Building on this insight,
we identify fluorine-based compounds as the most suitable
target materials for accessing the axial contribution in
CEvNS measurements. In particular, among carbon tetra-
fluoride (CF,), octafluoropropane (C;Fg), and perfluoro-
butane (C4F;q)—which have been successfully tested by
PICASSO [23,24] and PICO [22,25] in DM searches—we
find C3Fg to be the most favorable option due to its
widespread use in the DM community and its demonstrated
scalability to large detector masses. Bubble-chamber
experiments such as PICO-60 have successfully operated
detectors filled with 52 kg of C;Fg, achieving leading
sensitivity to spin-dependent interactions [22,25]. Building
on this success, the next-generation PICO-500 experiment,
featuring a fiducial mass of approximately 500 kg, is
currently under construction at SNOLAB [26]. This dem-
onstrates the high-mass scalability and maturity of C;Fg
bubble-chamber technology for future large-scale applica-
tions [27]. In addition, experimental groups at the European
Spallation Source (ESS) [28] and the Japan Proton
Accelerator Research Complex (J-PARC) [29] have iden-
tified this compound as a feasible target for CEuvNS
measurements.

Motivated by these prospects, in this work we demon-
strate that, under realistic detector performance a sta-
tistically meaningful extraction of the axial current
component as well as of the axial-vector coupling is

possible. The achievable precision is primarily determined
by detector threshold, fiducial mass, and neutrino flux
uncertainties.

II. HEAVY VERSUS MEDIUM-LIGHT TARGETS
AXTAL-CURRENT CONTRIBUTIONS

Phenomenological analyses of CEvNS data have so far
primarily relied on the vector-current contribution to the
differential cross section, as event rates are largely domi-
nated by this component. A relevant quantity for this
contribution is the weak-charge form factor, which quan-
tifies the strength of the Z-boson coupling to nuclei.
Usually, this form factor is typically described using
phenomenological parametrizations, most commonly the
Helm [30] or the Klein-Nystrand [31] models. The theo-
retical uncertainty implied by these choices is then incorpo-
rated as part of the systematic uncertainty in statistical
analyses of the data. An alternative, though more funda-
mental, approach is based on ab initio calculations of the
weak-charge form factor [32,33]. In this approach, nucleon-
nucleon interactions derived from chiral effective field
theory are employed to construct the nuclear many-body
Schrodinger equation. The resulting many-body wave
functions are subsequently used to compute the form factor
from first principles. Since both approaches carry intrinsic
theoretical uncertainties, phenomenological parametriza-
tions are generally preferred in actual data analyses due
to their simplicity and ease of implementation.

For the axial current this is no longer the case,' and
ab initio results for the axial form factor become essential.
The reason is that, in contrast to the vector contribution, the
axial scattering rate exhibits an intrinsic dependence on
nuclear spin and therefore on detailed nuclear-structure
effects. The axial form factor is determined by the response
of the nucleus to an external axial-vector current [36]. The
different nuclear responses arise from a multipole decom-
position of the hadronic current operator. The dominant
contributions are associated with the transverse spin current
carried by the nucleons and are, following Ref. [33] (see

also Ref. [37]), denoted by ]-"iL. These quantities are
provided in terms of fit functions obtained within shell-
model calculations employing a harmonic-oscillator basis.

The axial form factor is obtained as a combination of

isoscalar (.7-"%) and isovector (.7-"%) contributions (see
Refs. [33,38] for details),

8

F, =
AT+ 1

(92255~ 9agaSh +a3ST]. (1)

'An approximate parametrization of the axial-vector form
factor has been proposed in Refs. [34,35]. At large transferred
momentum, however, it provides a less accurate description than
the result following from ab initio calculations.
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where ¢} quantifies the contribution of strange quarks to
the spin structure of the nucleon and J refers to the spin of
the nuclear ground state. In writing Eq. (1), isospin
symmetry has been assumed. Restricting the calculation
to leading-order spin-dependent one-body currents, the
structure functions Sg are given by [33]

5/
St = D_IFP

L
¥,
S5 =Y _[F=].
L
ST, =25 FrFE (2)
L

Here the sum runs over the contributing multipoles L.
Although results including subleading pion-exchange two-
body currents are available for several target nuclei, we do
not include them in the present analysis. Their impact is
expected to be subdominant compared to the experimental
uncertainties associated with the extraction of the axial-
current contribution itself. This constitutes a reasonable
assumption, particularly for a first generation of measure-
ments aimed at probing the axial component in CEVNS.

The differential cross section, including the axial-vector
contribution, is then given by the standard vector term and
the pure axial term, namely [33]

do GFmN mNE E ) N2
- - 2o |F
= (11 ) Gy o)
G%m/\/ mNE E
“——" ) Fa(lq]?). 3
(e BV, O
Here Qy = 2(gyZ + goN) = Z(1 — 4s3,) — N, with ¢}, =

1/2-2s%, ¢t =—1/2, and s}, =sin?60y denoting the
weak-mixing angle. The quantity Fy(|q|*) represents the
weak-charge form factor, for which we adopt the Helm
parametrization [30]. In principle, the simultaneous pres-
ence of vector and axial currents implies interference terms.
These contributions, however, either vanish or are sup-
pressed by recoil-energy factors [33]. As a result, to a very
good approximation the vector and axial components
contribute independently to the total scattering rate.

We determine event rates using neutrino fluxes from z
decay-at-rest at spallation neutron sources, and nuclear
reactors. Neutrinos produced at spallation neutron sources
originate primarily from z* meson decays. At the energies
relevant for these facilities most z~ mesons are efficiently
absorbed by nuclei before decaying. As a result, three
neutrino flavors are then produced: a prompt v, component
and delayed v, and v,. The prompt signal, arises from the
two-body decay z* — u*v, and hence is monochromatic,
with energy located at E, = (mZ, —my)/2m,. The

delayed signal, stemming from a three-body decay mode,

involves two continuous spectra dictated by the muon
energy spectra. The spectral functions follow from phase
space integration

dq)y 2 2E m,,+
r = et 5(1 - 2),
dEU# mﬂ+ - mﬂ+ —m,

2
iz (o) (5ol )
it = () G )e(e %) @

dE

Flux normalization is determined by the value of protons on
target (POT), baseline, and the fraction of neutrinos pro-
duced per POT. The latter depends on the target material hit
by the protons as well as the proton kinetic energy. We
implement results for the ESS, for which plans to deploy a
C;Fg detector have been discussed in Ref. [28]. In that case,
0.3 neutrinos of each flavor per POT, assuming a 2 GeV
proton-collision energy, are expected [28].

The reactor electron antineutrino flux is instead imple-
mented according to Ref. [39]. More than 80% of the flux is
generated from f decay processes of the fissile isotopes:
235y, 23U, 23%Pu, and 2*'Pu. Above 2 MeV, the spectrum is
well described by

=
B

<
N

do; dN;

Ve

— ”r: 5
dEj, 47:6LZZ "dE;, ®)

with the fission fractions f; given by {fassy, fosy, f29py,
foupy} = {5.5,0.7,3.2,0.6} x 10-! and L the core-
detector baseline, P 1is the reactor power and & =
205.24 MeV is the average energy released per fission.
The number of 7, per energy and per fission follows an
exponential law

Ve =q; eao+a "E; +a2Efe‘ (6)

The parameters for each fissile isotope are listed in Table 1.
Depending on the detector threshold, the neutrino spectrum
below 2 MeV can in principle be relevant and may provide a
sizable contribution to the total rate. In particular, # decays
of 2°U produced in 2*8U(n, y)**°U contribute significantly
due to their large fission fraction. For fluorine, the nucleus
that dominates the event rate in C;Fg, the maximum recoil
energy induced by a 2 MeV neutrino is EF"™* ~ 0.5 keV.
Carbon recoils are only slightly larger, reaching at most
E™M™* ~ 0.7 keV. Therefore, for the detector thresholds
considered in this work, this low-energy portion of the
spectrum does not contribute appreciably to the observable
event rate. This conclusion becomes even stronger for
heavier target nuclei, unless detectors can achieve thresh-
olds well below 1 keV.
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TABLE I. Parameters for electron antineutrino spectrum para-
metrization above 2 MeV for each fissile isotope [39].

Param. 23515 239py 2385 241py
a;(MeV™) 1.0461 1.0527 1.0719 1.0818
ag 0.870 0.896 0.976 0.793
a,(MeV~) —0.160 —-0.239 -0.162 —0.080
a,(MeV~2) —0.0910 —0.0981 —0.0790 —0.1085

The expected vector and axial event rates are then
computed through a convolution of the neutrino flux and
the CEvNS differential cross section

dN Epe do, d
A / dE, v 50
dE, Mmol E‘b“i“ dEy dEr

(7)

where 1., is the detector data-taking time, N, is the
Avogadro number, my, is the detector fiducial mass, and
M o1 1s the molar mass of the target material. The lower
integration limit depends on the nuclear recoil energy and is
expressed as EM" =\ /mE,/2, while E™ is taken to be
the endpoint of the neutrino energy distribution, i.e.,
Ep*™ =m,/2 for the case of ESS and EJ™* ~10 MeV
for reactor antineutrinos.

Before turning to light compounds, we first evaluate the
axial-current contribution for heavy target materials fore-
seen or already deployed at relevant CEvNS facilities. The
COHERENT Nal is primarily designed for charged-current
measurements [40], but its technology can be scaled to
tonne-size masses. In such a configuration, measurements in
the nuclear recoil channel would, in principle, allow the
collection of either vector- or axial-current events. Both
isotopes are odd-A, proton-odd nuclei with positive parity
and nonzero spin: J™(*Na) = 3/2* and J(1?I) = 5/2+.
Likewise, in Csl (already used by the COHERENT
Collaboration [1,6], and planned to be used at ESS [28],
J-PARC [29], and the Chinese Spallation Neutron Source
[41,42]), the '33Cs isotope is an odd-A, proton-dominated,
positive-parity nucleus with J™(13Cs) = 7/2*. Therefore,
in these compounds both nuclei contribute to the axial
current.

The situation is different for xenon and germanium.2
Among their stable isotopes, only '>Xe, '3!Xe, and *Ge
have nonzero spin ground states and can therefore generate
axial-current events. Nevertheless, xenon and germanium
remain among the most used detector materials, and highly
enriched germanium detectors have been constructed for
neutrinoless double $ decay searches [43,44]. If the axial
contribution is sufficiently large, one could envision

*Used by XENONnT [10], LUX-ZEPLIN [I2] and
PandaX-4T [11]. In use as well by reactor-based CEvNS experi-
ments [8,9].

dedicated enriched xenon or germanium detectors in which
the axial signal is enhanced through isotopic purification.

We have calculated the expected event rates for these
compounds assuming the following ESS-inspired [28]
benchmark configuration: L = 20 m baseline, a proton
beam power of 1.3 MW, an 80% flat detection acceptance
with a 2 keV recoil threshold, and a 50 kg fiducial mass.
Results are shown in Fig. 1 for an exposure corresponding
to three years of data taking. The left (right) panel shows
the vector (axial) contribution. In all cases, the axial
contribution is strongly suppressed, with a clear trend such
that the suppression increases with nuclear mass. As an
order-of-magnitude estimate the relative size of the two
contributions can be calculated from the weak-charge and
axial form factors at zero transferred momentum

Axial events _ 327 J+1 (S, - S,)?

Vector events ~ 3 J(2J + 1) N? ®)
Here, S, (S,) is the proton (neutron) spin expectation value
and we have used the fact that the axial-current cross section
is dominated by the isovector contribution, normalized
according to S7,(0) =31 6A(S, - S,)? [33]. The pre-
dicted event yields for both components are summarized in
Table II. Note that in our calculation we assume a nuclear
weak-charge radius Ry = 1.23 x A'/3 fm and adopt the
PDG values for s3, and g, [45]. Because of the strong
suppression, increasing the fiducial mass has little impact on
the relative size of the axial contribution. For example, in
ton-scale detectors the absolute number of axial events
becomes sizable, yet it remains overwhelmingly dominated
by the vector component. Lowering the recoil-energy
threshold does not lead to a significant enhancement of
the axial rate either. This overall rescaling is applicable to
future multiton DM detectors as well, as the one envisaged
by the XLZD consortium [46] that aims at a 60-80 ton
xenon detector.

Given these results, target materials suitable for axial-
current measurements at CEvNS facilities should involve
relatively light nuclei. A nonexhaustive list includes three
JU = 1/2% isotopes, namely *He, '°F, and 2°Si, together
with deuterium (J™T = 1%) and ?’Al (J' = 5/27). Both *He
and deuterium have a strongly suppressed vector contri-
bution, thus in principle are attractive targets. However, the
natural abundance of *He is at the parts-per-million level
and its low density would require substantially larger
fiducial detector masses to achieve meaningful statistics.
Deuterium, on the other hand, has already been success-
fully employed in solar neutrino physics measurements by
SNO [47]. Currently, the COHERENT collaboration oper-
ates a ~500 kg D,O detector aimed at reducing neutrino-
flux statistical uncertainties [48]. This detector exploits
v, — D, interactions observed through Cherenkov light.
Although we do not discuss it further, deuterium constitutes
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panel), see the text for details. Vertical axes refer to counts/bin.

TABLE II. Expected vector and axial event rates for heavy
targets assuming a 50 kg fiducial mass detector with a 2 keV
recoil threshold and a flat 80% acceptance. Neutrinos are
produced via z" decay at rest.

Component Csl Nal Blxe BGe
Vector 39176 33944 39773 25967
Axial 5 9 4 17

a potentially interesting target material for axial-current
measurements. Its practical implementation, however, may
involve nontrivial technical challenges.

27Al appears to be a promising candidate, given its
nonzero spin nuclear ground state and its natural abun-
dance. However, we are not aware of detector technologies
currently employing this target material. Concerning >°Si,
the CONNIE experiment [39] uses silicon detectors, but
with strongly limited fiducial masses. Although lower
recoil-energy thresholds could, in principle, enhance the
axial event rate, the expected signal remains too small to be
observable with present configurations. As a consequence,
among the candidate targets discussed above, fluorine-
based materials emerge as the most viable option. Two
compounds are particularly relevant: CF, and C;Fg. The
former has been used in directional DM searches by the
DRIFT and the NEWAGE-3.0 collaborations [49,50]. It has
been proposed as well for CEvNS measurements at
neutrino beam facilities at Fermilab using the vBDX-
DRIFT detector [51,52]. It has been further considered
for DM directional searches by the CYGNO collabora-
tion [53].

The vBDX-DRIFT detector is a gaseous low-pressure
time projection chamber where operation thresholds are
strongly correlated with operation pressure. In a 1 m?
detector at 400 torr, where the CEvNS signal peaks, the

3 L L L L L
= Spallation source -
i 50 kg -3 yr ]
"g 2| — Csl -
- -=- Nal 1
s I Ge ]
s | 0 ¥ixe
%1t -
< -
0 -___l_‘-l_—l_l_-l-l_ lLI__I—_I_Tf

0 20 40 60 80 100

Recoil energy [keV]

Expected vector event rates in heavy target materials (left panel) and the corresponding axial-current contributions (right

fiducial mass is only ~2 kg. As a result, minimal detector
configurations of this type are unlikely to achieve sufficient
sensitivity to axial-current event rates. Note that, in
principle, C4F;y could also serve as a target material,
following the operating principle of traditional bubble
chamber detectors. A notable example is the PICASSO
DM experiment [23,24], although it operated with a
relatively modest fiducial mass. If the same detector
configuration could be achievable, in terms of exposure
and threshold, we could expect comparable sensitivities to
those obtained in the following with C;Fg.

The case of C;F; is indeed qualitatively different, based
on experience from the PICO Collaboration [25]. This
makes C;Fg a particularly promising target for axial-
current measurements. Motivated by these considerations,
we have calculated event rates assuming the same exper-
imental configurations that were employed in the heavy
target analysis. Note that a 2 keV,, threshold with this
material target is at present not achievable. However, since
detectors to be deployed at the ESS are expected to reach
this sensitivity level [28] we keep this threshold in our
analysis. In addition, we evaluate the reactor-neutrino case
using a configuration resembling that of CONUS+ [9].
The results are presented in Fig. 2. Although the axial
contribution remains subdominant, its suppression is
significantly weaker than in heavy targets. For spalla-
tion-source neutrinos we find a suppression factor of ~25,
while for reactor neutrinos it is reduced to ~10. We
attribute this difference to the interplay between the
“morphology” of neutrino spectra and the momentum-
transfer dependence of the nuclear responses. Neutrino
fluxes at spallation sources peak at energies where the
axial spin structure functions decrease more rapidly with
momentum transfer than the vector weak-charge form
factor. Reactor neutrinos, in contrast, are predominantly
produced at lower energies, where the suppression induced
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FIG. 2. Left graph: Total expected event rate as a function of nuclear recoil energy assuming a spallation-source neutrino flux, for a
C5F; detector. Following ESS expectations [28], a recoil-energy threshold of 2 keV is adopted. Right graph: Same as the left graph, but
for reactor electron antineutrinos. Experimental specifications are taken from the latest CONUS+- run [9] (see text for details). Likewise

in Fig. 1, vertical axes refer to counts/bin.

by the spin structure functions is milder, resulting in a
comparatively enhanced axial contribution.

III. EXTRACTION OF THE AXIAL-VECTOR
COUPLING

Although the axial-to-vector event ratio remains rela-
tively small, it nevertheless enables studies that would be
inaccessible if only the vector component is measured.
With data of this type, the most immediate analysis would
be the extraction of the axial-vector coupling. In addition,
searches for spin-dependent new physics could also be
performed. It is worth noting that the absence of observable
new physics signals may arise from intrinsically suppressed
spin-dependent effects rather than from the absence of new
interactions. In the following, we present projected sensi-
tivities to g4 assuming forecasted data. For our analysis, we
simulate forecasted data assuming a SM signal. We then
allow g, to vary in the range [0.8, 1.6], while keeping g
fixed, and construct the following spectral y* function

X] X Nexp 2
7 :ZZ[Ngh—N?p—l—prln(W)} + (g) . (9

Here, N'" denotes the theoretically predicted number of
events per recoil-energy bin, computed for the reference
values g4 = 1.27641 [18] and g, = —0.085 [54], while
N;™P corresponds to the predicted event numbers obtained
for varying values of g,. The parameter a represents a
nuisance parameter accounting for the uncertainty in the
neutrino flux, with fractional uncertainty o,. We consider
two representative assumptions for the flux normalization
uncertainty: a realistic scenario with 6, =5% and an

optimistic scenario with 6, = 1%. Although a 1% uncer-
tainty is ambitious, it may not be completely unrealistic.?
Regarding the choice of recoil-energy binning, we adopt
different strategies depending on the neutrino source. For
reactor neutrinos, we assume fixed bins of 1 keV,,. For
neutrinos from pion decay at rest instead, we follow the
prescription of Ref. [28]: starting from the threshold energy
E'r each bin is constructed such that its width is twice the
detector resolution evaluated at the bin center. We study
two experimental configurations: a near-term detector with
a 50 kg fiducial mass operating at recoil-energy thresholds
E™ =3 keV and E" = 2 keV, and a future 350 kg phase
operating at the same thresholds. Such exposures appear
realistic in light of the planned construction of a ~500 kg
C;Fy detector by the PICO collaboration [27].

We compute the expected sensitivity for both pion
decay-at-rest and reactor neutrino fluxes. The resulting
constraints are shown in Fig. 3. From the results one can see
that when assuming a 3 keV recoil-energy threshold,
neutrino flux uncertainties play a pivotal role. Reducing
these uncertainties leads to a substantial improvement in
the precision with which g, can be extracted. In contrast, at
a lower threshold (Ey,, = 2 keV), improvements in the flux
uncertainty translate into only marginal gains in precision.
The reduced impact of lowering the threshold from 3 keV/,,
to 2 keV,, for spallation neutrinos is due to their higher
typical energies, which lead to recoil spectra largely above

3For example, the COHERENT collaboration expects to
determine the pion decay-at-rest neutrino flux with an uncertainty
of about 2%-3% using a dedicated D,O detector [48]. For the
case of reactor antineutrinos, an uncertainty close to 1% for the
233U cross section/fission is reported from the recent Daya Bay’s
measurement [55], as well as from a global fit [56].
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Upper panel: Projected sensitivities to g4, shown as reduced y? profiles, for a spallation-source experiment assuming a C;Fjg

detector with fiducial masses of 50 kg (left) and 350 kg (right), a 20 m baseline, and different recoil-energy thresholds and neutrino flux
uncertainties. Lower panel: Same as the upper panel, but assuming a neutrino flux from a nuclear reactor.

threshold, in contrast to reactor antineutrino spectra.
Increasing the fiducial mass, however, has a more significant
impact, exceeding the improvements obtained solely from
reducing neutrino flux uncertainties. As expected, the
optimal determination of g, is achieved for a combination
of lowest threshold, smallest neutrino flux uncertainty,
and largest fiducial mass. According to current PICO plans,
the benchmark configurations adopted in this work appear
realistic and would allow a measurement of g, at the ~10%
level. Achieving a substantially better precision will require
simultaneous improvements in several experimental param-
eters, in particular larger fiducial masses and lower
recoil-energy thresholds. Let us stress, however, that the
extraction of g, in this context would proceed within a
nuclear environment, in contrast to cold neutron decay
experiments, which probe g, in vacuum. As such, a
determination of g, through CEvNS could encode nuclear
effects that are not accessible in free neutron measurements,
in a way analogous to the role played by effective axial
couplings in nuclear processes such as neutrinoless double
beta decay. Attempts in line with this analysis have been
done wusing charged-current Nal COHERENT data
in Ref. [57].

IV. CONCLUSIONS

The axial neutral current provides a subdominant con-
tribution to CEvNS event rates in targets with a nonzero
nuclear ground-state spin. In counting experiments, its
signal is largely overwhelmed by the dominant vector
component, which explains why it has so far eluded
experimental observation, and justifies its neglect in phe-
nomenological analyses of current measurements, obtained
with heavy-target materials. Nevertheless, accessing this
contribution is essential for fully exploiting the physics
potential of the CEvNS physics agenda.

In this work, we have investigated the prospects for
measuring this subleading yet phenomenologically impor-
tant component. We have first examined heavy target
materials commonly employed in neutrino and DM experi-
ments and demonstrated that, even with ton-scale detectors,
the axial-current contribution remains effectively negligible.
Although a small number of axial events may be collected,
the statistical information that can be extracted is limited.
We then have identified medium-mass and light nuclei with
nonzero spin ground states as the more promising candi-
dates. For several of these isotopes, however, suitable
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detector technologies are either unavailable or not currently
planned.

These considerations lead us to conclude that fluorine-
based compounds provide the most suitable targets, with
CF; and C;Fg emerging as the most promising options.
Among them, C;Fg stands out due to its extensive use over
nearly two decades in DM direct detection searches and the
proposed deployment of detectors based on this material at
the ESS [28] and at J-PARC [29] facilities.

As an application, we performed a forecast study of
axial-current measurements and evaluated the achievable
precision on the extraction of the axial-vector coupling g,.
We find that in a realistic experimental setup consisting of
350 kg of C3Fg, a 2 keV nuclear-recoil threshold and a 1%
neutrino flux uncertainty, an extraction at the ~10%
precision level seems possible. Achieving significantly
better precision, would require simultaneous improvements
in detector threshold, fiducial mass, and neutrino flux
determination, which may prove experimentally challeng-
ing. These measurements will be complementary to those
done in dedicated experiments, thus providing further
insight on g,. Finally, we emphasize that measurements
of the axial-current contribution would open a new avenue
for the study of low-energy new-physics signals that may
remain hidden in standard analysis due to the intrinsic
suppression of spin-dependent effects.
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