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tion parameter space, and by the lines corresponding to
S2>150 PE and a lower line at ∼97% acceptance from
neutron calibration data (see lines in Fig. 2, top).
Both NR and ER interactions contribute to the ex-

pected background for the WIMP search. The first is de-
termined from Monte Carlo simulations, using the mea-
sured intrinsic radioactive contamination of all detector
and shield materials [8] to calculate the neutron back-
ground from (α, n) and spontaneous fission reactions, as
well as from muons, taking into account the muon energy
and angular dependence at LNGS. The expecation from
these neutron sources is (0.17+0.12

−0.07 ) events for the given
exposure and NR acceptance in the benchmark region.
About 70% of the neutron background is muon-induced.
ER background events originate from radioactivity of

the detector components and from β and γ activity of
intrinsic radioactivity in the LXe target, such as 222Rn
and 85Kr. The latter background is most critical since it
cannot be reduced by fiducialization. Hence, for the dark
matter search reported here, a major effort was made to
reduce the 85Kr contamination which affected the sensi-
tivity of the previous search [6]. To estimate the total ER
background from all sources, the 60Co and 232Th calibra-
tion data is used, with >35 times more statistics in the
relevant energy range than in the dark matter data. The
calibration data is scaled to the dark matter exposure by
normalizing it to the number of events seen above the
blinding cut in the energy region of interest. The ma-
jority of ER background events is Gaussian distributed
in the discrimination parameter space, with a few events
leaking anomalously into the NR band. These anoma-
lous events can be due to double scatters with one energy
deposition inside the TPC and another one in a charge
insensitive region, such that the prompt S1 signal from
the two scatters is combined with only one charge sig-
nal S2. Calibration data show that anomalous leakage is
most likely below ∼8PE. The ER background estimate
including Gaussian and anomalous events is (0.79±0.16)
in the benchmark region, leading to a total background
expectation of (1.0± 0.2) events.
The background model used in the PL analysis em-

ploys the same assumptions and input spectra from MC
and calibration data. Its validity has been confirmed
prior to unblinding on the high-energy sideband and on
the vetoed data from 6.6-43.3 keVnr. However, the model
does not include a population with S2/S1 values below
the NR signal region extending down to the lowest en-
ergies with S2<150PE. This population was found only
after unblinding and might contribute to the background
at low S1.
After unblinding, two events were observed in the

benchmark WIMP search region, see Fig. 2. With en-
ergies of 7.1 keVnr (3.3 PE) and 7.8 keVnr (3.8 PE) both
fall into the lowest PE bin used for this analysis. The
waveforms for both events are of high quality and their
S2/S1 value is at the lower edge of the NR band from

neutron calibration. There are no leakage events below
3 PE. The PL analysis yields a p-value of ≥ 5% for all
WIMP masses for the background-only hypothesis indi-
cating that there is no excess due to a dark matter sig-
nal. The probability that the expected background in
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FIG. 2: (Top) Event distribution in the discrimination param-
eter space log10(S2b/S1), flattened by subtracting the distri-
bution’s mean, as observed after unblinding using all analysis
cuts and a 34 kg fiducial volume (black points). A lower
analysis threshold of 6.6 keVnr (NR equivalent energy scale)
is employed. The PL analysis uses an upper energy threshold
of 43.3 keVnr (3-30 PE) and the benchmark WIMP search re-
gion is limited to 30.5 keVnr (3-20PE). The negligible impact
of the S2>150PE threshold cut is indicated by the dashed-
dotted blue line and the signal region is restricted by a lower
border running along the 97% NR quantile. An additional
hard S2b/S1 discrimination cut at 99.75% ER rejection de-
fines the benchmark WIMP search region from above (dotted
green) but is only used to cross check the PL inference. The
histogram in red indicates the NR band from the neutron cal-
ibration. Two events fall into the benchmark region where
(1.0 ± 0.2) are expected from background. (Bottom) Spatial
event distribution inside the TPC using a 6.6-43.3 keVnr en-
ergy window. The 34 kg fiducial volume is indicated by the
red dashed line. Gray points are above the 99.75% rejection
line, black dots fall below.


