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Abstract: The neutrino floor, a theoretical sensitivity limit for dark matter (DM) direct detection, is being re-

defined as the boundary of a dynamic "neutrino fog," where neutrino signals become inevitable, obscuring DM de-

tection due to statistical and systematic uncertainties. This study provides the first site-specific analysis of the neut-

rino floor at China Jinping Underground Laboratory (CJPL), leveraging its unique geographic and environmental

characteristics. We quantify how CJPL’s suppressed atmospheric neutrino flux (approximately 30% lower than that

of Laboratori Nazionali del Gran Sasso (LNGS)) reshapes the neutrino floor, thereby enabling improved sensitivity
to high-mass WIMPs (mass > 10 GeV). Using a gradient-based framework, we derive the CJPL’s neutrino floor and

estimate the detection prospects for the PandaX-xT experiment. Our results demonstrate that a 500 tonne-year expos-

ure with PandaX-xT could reach the floor, probing spin independent cross-sections down to o, ~ 3x 107 cm? at a

DM mass of 70 GeV/c?.
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I. INTRODUCTION

The search for dark matter (DM) constitutes one of
the most significant endeavors in modern physics [1].
Among the various DM candidates, Weakly Interacting
Massive Particles (WIMPs) have been a leading hypo-
thesis [2, 3]. Direct detection experiments aim to observe
the scattering of WIMPs off atomic nuclei in a detector.
However, these experiments face a fundamental chal-
lenge in the form of the neutrino floor.

The neutrino floor, originally defined as the theoretic-
al sensitivity limit for WIMPs in direct DM detection ex-
periments, has long been regarded as an insurmountable
barrier owing to irreducible neutrino-induced back-
grounds [4]. However, recent advances have revealed that
there is no strict theoretical "floor" for DM direct searches
but a dynamic transition zone — termed the neutrino fog
— where statistical and systematic uncertainties obscure
DM signals [5]. This means that the neutrino fog delin-
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eates regions of parameter space where WIMP-nucleus
interactions become indistinguishable from coherent
elastic neutrino-nucleus scattering (CEvNS) events,
primarily sourced from solar (e.g., ®B), atmospheric, and
diffuse supernova neutrino fluxes. The new definition of
neutrino fog emphasizes its statistical nature. The trans-
ition from Poisson-statistic-dominated to systematic un-
certainty-limited regimes is quantified by the gradient in-
dex n, where n =2 marks the boundary of the fog (the
neutrino floor). For n> 2, sensitivity improvements re-
quire an exponential increase in exposure, making con-
ventional detection strategies ineffective.

In fact, after numerous years of fruitless searches for
DM particles, researchers have first detected a genuine
signal emanating from a stream of neutrinos produced by
nuclear reactions in the Sun. Notably, in 2024, the
PandaX [6] and XENON [7] collaborations reported that
their detectors had likely begun detecting this elusive
neutrino fog (!B solar neutrinos). Recently, several theor-
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etical studies on this subject have also been conducted,
(see Refs. [8—14]), significantly advancing our under-
standing of the implications of this irreducible neutrino
background for DM searches.

Critically, the morphology of the neutrino fog exhib-
its strong geographic dependence, as local neutrino flux
variations—modulated by geomagnetic latitude, cosmic-
ray modulation, and detector depth — directly influence
background kinematics and systematics.

China Jinping Underground Laboratory (CJPL), with
its unique geographic profile (18.06°N geomagnetic latit-
ude, 2400 m rock overburden), constitutes an exceptional
case for studying the neutrino fog. Among all existing
direct detection experiments, CJPL exhibits the largest
crustal geoneutrino flux [15] and smallest reactor neut-
rino background [16]. More crucially, the atmospheric
neutrino flux at CJPL is notably lower [17], which has a
significant impact on the neutrino floor in the high-mass
region of DM. Considering these distinctive site-specific
attributes, it is imperative to conduct localized fog calcu-
lations.

This study delves into two primary questions. First,
we examine how the unique neutrino flux characteristics
at CJPL alter the landscape of the neutrino fog and floor
compared to established benchmarks, such as xenon-
based detectors located at Laboratori Nazionali del Gran
Sasso (LNGS). Second, we calculate the prospective
sensitivities and estimated the necessary exposure to
reach the neutrino floor in the PandaX experiment con-
ducted at CJPL.

The structure of this paper is as follows: In Sec. II, we
delve into the neutrino fluxes at CJPL. Sec. III is dedic-
ated to deriving the neutrino floor and fog specific to
CJPL. In Sec. IV, we present the calculation of the sensit-
ivity of the PandaX-xT experiment, aiming to determine
the required exposure to reach the new neutrino floor in
the high DM mass region. Finally, in Sec. V, we present
our conclusions.

II. NEUTRINO FLUXES AT CJPL

The neutrino fluxes, especially those of atmospheric
neutrinos, geoneutrinos, and reactor neutrinos, are highly
dependent on geographic location. CJPL is uniquely posi-
tioned with several unparalleled features that distinguish
it from other sites. It has the thickest overburden, provid-
ing exceptional shielding against cosmic rays, and has the
lowest reactor neutrino flux owing to its remote location
from nuclear power plants [18]. Additionally, CJPL has
the largest crustal geoneutrino flux, which is highly ad-
vantageous for geoneutrino studies. The laboratory also
benefits from the lowest environmental radioactivity, en-
suring a cleaner experimental environment, and has the
longest solar neutrino path through the Earth, which is
particularly beneficial for solar neutrino research. There-

fore, the specific geographic and environmental features
of CJPL contribute to its specialized neutrino back-
ground. Next, we elaborate on the pertinent constituents
of the neutrino fluxes at CJPL, which are summarized in
Fig. 1.

1. Solar neutrino

The Sun produces neutrinos through two primary
nuclear reaction chains: the proton-proton (pp) chain and
carbon-nitrogen-oxygen (CNO) cycle. Solar neutrinos
dominate the flux at energies E, < 18.77 MeV [19]. These
neutrinos constitute the principal source of CEVNS events
in DM detectors and constrain sensitivity to DM candid-
ates with masses near mpy ~ 10 GeV. Recently, the
PandaX [6] and XENON [7] collaborations independ-
ently reported tentative observations of CEVNS signals
from solar neutrinos.

In this study, we combined the GS98 high-metallicity
Standard Solar Model with the Barcelona 2016 calcula-
tions [20]. For all components, we maintained the pub-
lished normalization uncertainties, with the exception of
8B, for which a 2% uncertainty was assigned based on
comprehensive fits of global neutrino data [21]. Sub-
sequent to ®B, the "Be electron-capture neutrino lines —
which are pivotal for enhancing sensitivity to sub-GeV
DM — were assigned a normalization uncertainty of 6%.

2. Geoneutrinos
Geoneutrinos are antielectron neutrinos released dur-
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Fig. 1. (color online) Neutrino fluxes at CJPL. Fluxes from

different neutrino sources are represented by different colors:
geoneutrinos [22] are represented by light blue lines, neutri-
nos from reactors [16] are represented by black lines, solar
neutrinos are represented by blue, red, and green lines corres-
ponding to different reaction chains [20], DSNB neutrinos [5]
are represented by brown lines, and atmospheric neutrinos
[17] are represented in orange lines.
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ing the decay processes of radioactive isotopes such as
uranium (*®¥U), thorium (***Th), and potassium (*°K).
Their flux directly reflects the radioactive heat produc-
tion rate and thermal evolution history of the Earth's in-
terior. The location-dependent geoneutrino flux is partic-
ularly sensitive to the amount of crust beneath the labor-
atory site, which contains the largest portion of heat pro-
ducing elements. CJPL is situated near the Himalayan
Mountains in China, where the crust is the thickest. The
uranium and thorium abundances in the local crustal
composition significantly influence the spatial distribu-
tion of the geoneutrino flux in this region. This has been
previously identified as a favorable location for geoneut-
rino detection [15].

For concreteness, we used the geoneutrino flux repor-
ted in Ref. [22], with corresponding uncertainties for each
component.

3. Reactor neutrinos

This is another source of antineutrinos, which influ-
ences the background at slightly higher masses. Jinping is
far from all nuclear power plants [18] in operation and
under construction.

The reactor neutrino background at Jinping is the
lowest among all the direct detection experiments. In this
study, we used the total differential reactor neutrino flux
at Jinping reported in Ref. [16].

4. Diffuse supernova neutrino background (DSNB)

DSNB is a relic flux of neutrinos and antineutrinos
resulting from core-collapse supernovae throughout cos-
mic history and emerges as a critical astrophysical back-
ground for DM direct detection. For DM experiments, the
DSNB-induced CEVNS creates an irreducible “neutrino
floor” near m, ~20GeV [5]. A 50% uncertainty on the
all-flavor flux accounts for cosmic variance in supernova
rates, progenitor mass-dependent spectral ambiguities,
and neutrino oscillation effects [23]. We used the same
flux as that reported in Ref. [5].

5. Atmospheric neutrinos

Atmospheric neutrinos exhibit significant geographic
dependence due to variations in cosmic ray flux, Earth's
geometry, and magnetic field effects. At high latitudes
(e.g., polar regions), weaker geomagnetic shielding res-
ults in higher cosmic ray flux and neutrino production,
while low latitudes (e.g., equatorial regions) experience
reduced flux due to stronger magnetic deflection.

CJPL is situated in a geomagnetic low-latitude region
(with a geomagnetic latitude of 18.06°N), where the at-
mospheric neutrino flux is predominantly driven by high-
er-energy cosmic rays. The flux at CJPL is suppressed
compared to LNGS, primarily owing to the relatively
high rigidity cutoff energy.

The atmospheric flux used in this study is the aver-

age of the solar minimum and maximum fluxes calcu-
lated in [17], with a recommended 25% theoretical uncer-
tainty applied.

III. NEUTRINO FLOOR AND FOG FOR CJPL

In this section, we initially revisit the newly intro-
duced definition of the neutrino floor, as presented in Ref.
[5]. Subsequently, we derive our novel neutrino floor spe-
cifically for CJPL.

We focus on the standard spin-independent (SI) inter-
actions between DM and nucleons and consider only
elastic scattering. The scattering rate can be expressed as
[24, 25]

1
= (Ep,t) = ”m%Mﬁ XTjgr Z+(A-2) £/,
X F3 [ (ER)N(Vmin (E)), (1)

which is the scattering rate summed over all target nuc-
lides; o, is the WIMP-nucleon cross-section. In this
study, we set p = 0.3 GeV/em® for the local DM density;
1, 1s the reduced mass of the WIMP-nucleon system; {r
is the mass fraction of the isotope 7 in the detector; Z is
the atomic number of the target nucleus; 4 is the atomic
mass number of the target nucleus; and f,/f, is the ratio
between the neutron and proton couplings to the WIMP.
Following the standard assumption, we set f, = f, to en-
sure that the DM—proton and DM—neutron couplings are
isosinglet; FZ,(Eg) is assumed to be the Helm form factor
[26]; and 17 (Vimin (ER)) = fmmin dif(V)/v is the integral of
the DM velocity distribution.

For the sake of completeness, the rate for CEVNS can
be found in Appendix A. Additionally, the case for the
spin-dependent (SD) interaction is analyzed in Appendix
B.

A. Statistical methods and sensitivity evolution

The neutrino fog refers to the obscured region in dir-
ect DM detection experiments where the neutrino back-
ground and DM signal energy spectra overlap signific-
antly, rendering them indistinguishable. This phenomen-
on leads to a stagnation in experimental sensitivity. The
underlying mechanism arises when the DM signal
strength falls below the combined effects of systematic
uncertainties and statistical fluctuations of the neutrino
background, thereby masking the signal entirely. The
neutrino floor, defined as the dynamic boundary of the
neutrino fog, represents the critical hypersurface in para-
meter space where a DM signal transitions from a detect-
able regime to an indistinguishable one. This boundary is
not static but evolves with experimental statistics, sys-
tematic errors, and target material properties.

The statistical inference is based on a binned likeli-
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hood function, incorporating Poissonian probabilities and
Gaussian distributions to model the background interfer-
ence:

ny

1% (). @

j=1

Noins ny
2o =][7 [Nf“wf YN ()

i=1 j=1

where the Poissonian term describes the probability in
each energy bin for the observed event count N°*, given
the expected signal events N and the total expected neut-
rino events Ny summed over neutrino fluxes ®;. The
Gaussian term introduces neutrino flux normalization
parameters, which are considered as the nuisance para-
meters, with standard deviations §® quantifying system-
atic uncertainties in flux calculations. The DM mass and
cross section are parameters.

Hypothesis testing compares the null background-
only model (M,-y) with the signal-plus-background
model (M). A discovery threshold of ¢y > 9 (correspond-
ing to 3o significance) defines the exclusion limit [5],
where the test statistic is defined as

(
0 &<0.

We maximize the likelihood function at @ for the back-
ground-only model and at (&, ®) for the signal-plus-back-
ground model. In this context, the Chernoff's theorem
[27] applies, and under the null hypothesis where M is
true, the test statistic g, asymptotically follows a mixture
distribution of EX% + 5(5(0) [28]. The statistical signific-
ance of the DM signal above background corresponds to
V0.

The sensitivity evolution as a function of N (the num-
ber of observed background events) exhibits four distinct
regimes [5]: (a) background independent regime (N < 1),
in which the sensitivity scales as o o< N™' and the neut-
rino background is small; (b) Poisson statistic dominated
regime (N> 1), in which the sensitivity follows
o« N2 governed by statistical fluctuations; (¢) sys-
tematics uncertainty dominated regime (N > 1/6®?), in
which the sensitivity stagnates as o o V(1 +N6®?)/N and
systematic errors dominate [4]; (d) when exposures are
very high and observed event counts large, the experi-
ment can effectively measure its own background, rein-
stating the Poissonian regime.

These features result in the mathematical characteriz-
ation of the neutrino fog, known as the "opacity", which
is defined by the gradient index:

dlogo')_1
=- . 4
" (dlogN @)

For n =2 (Poisson statistic dominated regime), the sensit-
ivity adheres to o oc N°/2, When n > 2 (systematics un-
certainty dominated regime), the experiment enters the
saturation phase of the neutrino fog, where sensitivity
plateaus.

By mapping the n=2 contour, the neutrino floor is
identified as the critical hypersurface in the DM mass m,
and cross-section ¢ parameter space where sensitivity de-
gradation becomes irreversible.

B. Neutrino floor for CJPL

Building upon the public code [29] developed by
O'Hare, this study pioneers the integration of neutrino
flux data from CJPL to derive geographically character-
ized neutrino floor curves, as shown in Fig. 2. The com-
parative analysis reveals key findings through the follow-
ing comparisons.

Regarding location effects, in the high-mass region
(WIMP mass > 10 GeV), the neutrino floor of CJPL ex-
hibits a 30% lower background limit compared to LNGS,
marked by the red solid curve. For LNGS, the neutrino
fluxes and uncertainties used are identical to those in the
calculation reported in Ref. [5]. This advantage stems
from the unique geological profile of CJPL. Its atmo-
spheric neutrino flux is reduced by approximately

Gradient of discovery limit n
2.00 3.31 4.63 594 7.25 857 9.88 11.19 12.51 13.82
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Fig. 2. (color online) Neutrino floor and fog for CJPL. The

red dashed curve represents the neutrino floor as the bound-
ary of the neutrino fog for n=2 obtained in this study; the
black dotted line is the neutrino floor at LNGS derived in Ref.
[5]. The color scale represents the value of n.

103001-4



Characterizing the CJPL’s site-specific neutrino floor as the neutrino fog boundary

Chin. Phys. C 49, 103001 (2025)

(20% —40%) relative to LNGS, attributable to its lower
geomagnetic latitude. Consequently, high-energy nuclear
recoil backgrounds — dominant in this mass range — are
suppressed. Future research should aim to optimize the
treatment of atmospheric neutrinos to improve the accur-
acy of neutrino background limits.

Below 10 GeV, the neutrino floors at CJPL and
LNGS display a remarkable degree of consistency. This
convergence is primarily attributed to the dominance of
solar neutrinos, which contribute approximately 90% of
the overall neutrino flux, with minimal variation ob-
served across different geographic locations. Although
the crustal geoneutrino flux at CJPL is notably higher
than at LNGS — a disparity linked to regional variations
in uranium and thorium concentrations — the impact of
geoneutrinos in the low-mass region is negligible.

To visualize the neutrino fog, a color-mapping tech-
nique across the DM parameter space based on the gradi-
ent index n was implemented. This methodology is
demonstrated in Fig. 2, where the color scale above the
plot explicitly indicates the n-value for each point within
the fog.

The opacity of the neutrino fog quantifies the resist-
ance to experimental progress through parameter space,
revealing regions where overlapping neutrino  back-
grounds obscure DM discovery. This metric highlights
zones where spectral degeneracies between DM and neut-
rino-induced recoils are most pronounced. Darker re-
gions in Fig. 2 correspond to n > 2, signifying enhanced
spectral degeneracy where DM and neutrino event rates
become nearly indistinguishable.

While subtle differences between DM and neutrino
signals persist in most scenarios, these distinctions can be
statistically resolved in high-exposure regimes. Notably,
once the accumulated event count N surpasses a critical
threshold, the sensitivity scaling reverts to n =2 for ex-
tremely low cross-sections, reflecting a transition back to
Poisson-statistics-dominated sensitivity.

A comparison reveals distinct characteristics between
the neutrino fog at CJPL and LNGS. These differences
stem from site-specific variations in neutrino flux com-
ponents and their associated systematic uncertainties.
Such geographic disparities underscore the necessity of
site-specific fog modeling to optimize future DM detec-
tion strategies.

IV. EXPERIMENTAL SENSITIVITY OF
PANDAX-XT

Given the establishment of the new neutrino floor at
CJPL, it is crucial to explore the potential detection pro-
spects of the PandaX experiment. We estimate the direct
detection capabilities of the PandaX-xT experiment at
CJPL [30], focusing on a liquid xenon detector with a
mass of 40 tonnes. Our calculation assumes an exposure

duration spanning several years, as detailed in [30].

To accurately reproduce the event rate measured by
the experiments, we need to account for the detection ef-
ficiency. The total number of events is given by

°° dR
Nzexposurex/ dEgr—¢€(ER). 5)
dEg

0

Here, e(Ey) is the detection efficiency. We used the effi-
ciency curve of the current PandaX-4T detector [31],
which covers the energy range from approximately 4 to
110 keV. To ensure completeness of all detectable events,
we set the upper limit of the energy window to a suffi-
ciently large value, covering the maximum energy range
the experiment can detect.

Based on the aforementioned statistical methods, the
likelihood function is modified as follows to perform the
detection simulation:

Nbins ny
L(o.®) = [[ 2 |N™INF+) ol (07) +n]

i=1 j=1

<% (@)% (n*) (6)

j=1

where n™ represents the background events in the
PandaX detector, following the results reported in [30].
Additionally, we assumed that background events are
uniformly distributed within the detector. It should be
noted that we updated the neutrino nuclear recoil back-
ground event rate using our calculated results from the
earlier part of this study.

Applying the likelihood ratio test (Eq. (3)), the pro-
jected 90% confidence level exclusion sensitivity reach of
the PandaX-xT experiment is shown in Fig. 3. For bench-
mark validation, we initially computed the sensitivity
curve at 200 tonne-years (ty) exposure (black dot-dashed
line), obtaining good consistency with the baseline simu-
lations of the PandaX Collaboration [30]. This agreement
confirms the validity of our treatment. The orange and
pink dot-dashed curves represent the sensitivities for 500
ty and 1000 ty exposures, respectively. We also include
the neutrino floor and fog in the plot. When the exclu-
sion sensitivity reaches the neutrino floor, further im-
provement would require a significant increase in experi-
mental exposure.

For WIMP mass smaller than 10 GeV/c?, the sensitiv-
ity barely enhances with more exposure. This is owing to
the much lower detection efficiency in this region. In fu-
ture detections, the PandaX-xT experiment would achieve
a much better sensitivity in this low mass region by
lowering the detection threshold [6]. Specially, it is ex-
pected to measure the solar 8B solar neutrinos with a pre-
cision higher than 10% [30].
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Fig. 3.
The latest excluded limits are represented by a purple solid
line for LZ [32], green dashed line for PandaX4T [33], and
magenta dotted line for XENONnT [34]. The prospective
sensitivities are also shown in this figure: the black dash-dot-
ted line represents the prospect from PandaX-xT with a 200 ty
exposure, which is consistent with Ref. [30]; the orange dash
dotted and pink solid lines correspond to the sensitivities for
500 ty and 1000 ty exposures at the PandaX-xT experiment,
respectively.

Our central finding reveals that penetrating the neut-
rino floor requires accumulated exposures exceeding 500
ty for WIMP masses above 70 GeV/c? (see the orange
dot-dashed curve). At this threshold, the sensitivity of
PandaX-xT approaches cross-sections of o, ~3x 107
cm’ at a WIMP mass of 70 GeV/c?, marking the onset of
neutrino floor dominance. We further present the results
for a 1000 ty exposure. In the “saturation region” of the
neutrino fog, systematic uncertainties—such as those re-
lated to neutrino flux calculations—become the domin-
ant factors. Consequently, experimental sensitivity can-
not be effectively improved by increasing exposure.

V. CONCLUSION

This study presents the first site-specific characteriza-
tion of the neutrino floor and fog at CJPL, driven by its
unique geographic and environmental conditions. By in-
tegrating the suppressed atmospheric neutrino flux of
CJPL (~30% lower than LNGS) and the enhanced
geoneutrino contributions into a gradient-based statistical
framework, we redefined the neutrino fog boundary as a
dynamic transition zone governed by Poisson-statistical

and systematic uncertainties. These features reduce the
neutrino floor by nearly 30% for high-mass WIMPs
(mpm > 10GeV), enhancing sensitivity through reduced
neutrino backgrounds. Below 10 GeV, solar neutrino
dominance homogenizes sensitivity limits across sites.
The sensitivity estimation of the PandaX-xT experiment
shows that a 500 ty exposure reaches cross-sections as
low as o, ~3x 107 cm? at a WIMP mass of 70 GeV/c?,
intersecting the neutrino floor of CJPL. Critical chal-
lenges persist, particularly systematic uncertainties in
neutrino flux normalization, underscoring the need for re-
fined models and multi-detector synergies.

APPENDIX A: SCATTERING RATE FOR CEvVNS

Neutrinos can scatter elastically off nuclei, producing
recoils with spectra very similar to those from DM-nucle-
us scattering. To date, measurements of CEvNS have
been performed by the COHERENT collaboration [35,
36] and the CONUS+ experiment [37], and it is also well-
understood in the context of the Standard Model [38, 39].
Similar to the WIMP event rate calculation, the neutrino
event rate is computed by convolving the differential
CEvVNS cross section with the neutrino flux,

dRV _ L d(D do-vN (EV)dE
dE,  my Jgw dE, dE, "

(AT)

where we cut off the integral at the minimum neutrino en-
ergy that can cause a recoil with E,: E™" = myE,/2.
The differential neutrino-nucleus cross section as a func-
tion of the recoil and neutrino energies was reported in
Refs. [4, 40—42],

mNE,

2E§) F5,(E)),

do(E,.E) _ G

2
f A2
dE, 4 oy (1 (A2)

where my is the nucleus mass, G is the Fermi coupling
constant, and Q, = N — (1 —4sin*6,,)Z is the weak nuclear
hypercharge, where N is the number of neutrons, Z is the
number of protons, and 6, is the weak mixing angle, be-
ing sin” @y, = 0.2387. The form factors account for the loss
of coherence at higher momentum transfer and are as-
sumed to be the same as those for WIMP-nucleus SI scat-
tering, for which we used the standard Helm form factor
[43].

APPENDIX B: NEUTRINO FOG AND SENSITIV-
ITY OF PandaX-xT FOR SD INTERACTION AT
CJPL

In general, the cross section for SD interaction
between DM and nucleus can be expressed as [24, 44]
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(color online) Neutrino fog and exclusion sensitivities for SD DM-nucleon interactions at CJPL: (a) DM-proton interaction;

(b) DM-neutron interaction. The latest exclusion limits are shown in each panel: purple solid line for LZ [32], green dashed line for
PandaX-4T [33], gray solid line for PICO-60 [46], and pink dotted line for XENONnT [47]. Additionally, the black (orange) dot-
dashed lines in both (a) and (b) represent the sensitivity curves of PandaX-xT for a 200(500) ty exposure.

o3 = 26 (a,(5,) +ants.0) oL, B
where J is the total nuclear angular momentum, G is the
Fermi coupling constant, uy is the reduced mass of the
DM-nucleus system, (S,) and (S,) are the expectation
values of the total spin operators for proton and neutron
[45], and a,,, are the couplings to proton and neutron. In
typical experimental setups, the scattering cross-section
of the entire nucleus with DM is considered to involve

only protons or neutrons within the nucleus by setting a,
or a, to zero, respectively. Then, we have

4 2 J+1
D _ N
Uﬁ/(pm) - g,UT <S1w> 7 Tpn> (B2)
p.n

where o, and o,are scattering cross sections of protons
or neutrons with DM.

Employing the same procedure used in the SI case
above, we derived the neutrino fog and sensitivities of the
PandaX-xT experiment for DM-proton/neutron SD inter-
actions; the results are presented in Fig. B1. Additionally,
the latest excluded limits are represented by a purple sol-
id line for LZ [32], green dashed line for PandaX-4T
[33], gray solid line for PICO-60 [46], and pink dotted
line for XENONnNT [47].

Our results reveal that the PandaX-xT detector with a
500 ty exposure will encounter neutrino fog for both the
DM-proton and DM-neutron SD scattering, represented
by the orange dot-dashed lines in Fig. B1.
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