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FIG. 3. DM search data in the cS1-cS2 space. Each event is
represented with a pie-chart, showing the fraction of the best-
fit model including a 200GeV/c2 WIMP (orange) evaluated
at the position of the event. The size of the pie-charts is pro-
portional to the signal model at that position. Background
probability density distributions are shown as 1� (dark) and
2� (light) regions as indicated in the legend for ER (blue), AC
(purple) and surface (green, “wall”). The neutron background
(yellow in pies) has a similar distribution to the WIMP (or-
ange filled area showing the 2� region). The orange dashed
contour contains a signal-like region which is constructed to
contain 50% of a 200GeV/c2 WIMP signal with the highest
possible signal-to-noise ratio.

fit based on events found below the blinded region. cS1
and cS2 are modeled using a kernel density estimation
derived from events reconstructed outside of the TPC.
The wall model is validated using the unblinded WIMP
region outside of the FV as a sideband. The expected
values for both backgrounds are summarized in Table I
and their distributions in the (cS1, cS2) space are shown
in Figure 3.
The statistical analysis of the WIMP search data

uses toy MC simulations of the experiment to calibrate
the distribution of a log-likelihood-ratio test statistic as
in [31, 36]. Four terms make up the likelihood: two
search-data terms for events near and far from the trans-
verse wires, an ER calibration term and a term repre-
senting ancillary measurements of parameters. The first
three are extended unbinned likelihoods in cS1, cS2, as
well as R for the first term. All three terms have the
same form as equation (21) in [31]. The two search-data
likelihoods include components for the ER, AC, surface,
CE⌫NS and radiogenic neutron backgrounds, as well as
the WIMP signal. The 220Rn calibration term includes
the ER model as well as an AC component. The expected
number of events for each component is a nuisance pa-
rameter in the likelihood. In addition, two shape param-
eters for the ER model are included, and a parameter
representing the uncertain signal expectation for a given

FIG. 4. Upper limit on spin-independent WIMP-nucleon
cross section at 90% confidence level (full black line) as a func-
tion of the WIMP mass. A power-constraint is applied to the
limit to restrict it at or above the median unconstrained upper
limit. The dashed lines show the upper limit without a power-
constraint applied. The 1� (green) and 2� (yellow) sensitiv-
ity bands are shown as shaded regions, with lighter colors
indicating the range of possible downwards fluctuations. The
result from XENON1T [3] is shown in blue with the same
power-constraint applied. At masses above �100GeV/c2, the
limit scales with mass as indicated with the extrapolation for-
mula.

cross section. The ancillary measurement term includes
Gaussians representing the measurements constraining
the AC, radiogenic, surface and CE⌫NS rates, and the
uncertain signal expectation.
The signal NR spectrum is modeled with the Helm

form factor for the nuclear cross section [37], and a stan-
dard halo model with parameters fixed to the recommen-
dations of [36]. The main change from previous XENON
publications is an updated local standard of rest velocity
of 238 km/s [38, 39]. The NR model fit to calibration
data is used to construct a model for the signal in cS1
and cS2.
After unblinding, the ROI contains 152 events, 16 of

which were in the blinded WIMP region. The data is
shown in Figure 3, and the best-fit expectation values
are in Table I. The binned GOF test indicates no large-
scale mismodelling (p = 0.63). At high cS1, ' 50PE,
we observe more events which are consistent with ER
events than our model or calibration data predicts, in
particular between cS1s of 50PE and 75PE. Of the 16
former blinded events, 13 are found in the upper right
half of the horizontal event distribution, with no correla-
tion with the transverse wires observed (see Figure A.3).
The 220Rn, 83mKr and 37Ar calibration datasets do not
exhibit any asymmetry, nor is any seen in the acceptances
evaluated in the X,Y plane for any of the applied cuts.
The WIMP discovery p-value indicates no signifi-


