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2Low-Energy Electronic Recoil Excess 
•XENON1T observed an excess near 2 keV (3.3σ) 

•Excess compatible with solar axions, ALPs, dark photons, 
neutrino magnetic moment and many more 

•However, it is also consistent with tritium (HT, HTO) 

•Investigate this excess with the initial XENONnT data
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FIG. 11. Left: The log-likelihood ratio q for di↵erent bosonic dark matter masses with respect to the best-fit mass at 2.3 keV/c2.
At each mass, we show the result for the corresponding best-fit coupling. The green band shows an asymptotic 68% C.L. con-
fidence interval on the bosonic dark matter mass. The local significance for each mass is indicated by the right y-axis. Right:
Best-fit of a 2.3 keV peak and B0 to the data. A 0.4 keV binning is used for better visualization.

FIG. 12. A fit to SR2 data if tritium is treated as a signal.
The red (gray) line is the fit with (without) tritium in the
background model.

the fitted tritium rate is 320 ± 160 events/(t·y), higher
than that from SR1 but consistent within uncertainties.
The rate uncertainty in SR2 is much larger than that
in SR1 due to limited statistics. The solar axion and
magnetic moment hypotheses give similar results, with
significances ⇠ 2� and best-fit values larger than, but
consistent with, the respective SR1 fit results. Thus these
SR2 studies are largely inconclusive.

Lastly, we also checked these hypotheses in a di↵er-
ent energy region using the so-called ‘S2-only’ approach,
where the requirement for an S1 signal is dropped, al-
lowing for a ⇠ 200 eV energy threshold. XENON1T’s S2-
only analysis [123] was used to place limits on the tritium
rate (< 2256 events/(t·y)) and gae (< 4.8⇥10�12) that are
far greater than, and therefore consistent with, the con-

FIG. 13. The log likelihood ratio curve for the tritium rate in
SR2. The orange line and band indicate the best-fit and 1�
uncertainty for the tritium rate in SR1. The SR2 fit result
is consistent with SR1, but with a large uncertainty due to
limited statistics.

straints derived here. The S2-only analysis is not as sensi-
tive to the tritium and axion signals because both spectra
peak above 1 keV. On the other hand, many of the pre-
dicted signal events from neutrino magnetic moment fall
below 1 keV as the rate increases with falling energy, so
the S2-only search is more relevant for this hypothesis. It
yields a 90% C.L. one-sided limit of µ⌫ < 3.1⇥10�11

µB ,
consistent with the upper boundary of the 90% confi-
dence interval obtained in Sec. IVC. Therefore, none of
the discussed hypotheses are in conflict with the S2-only
result.

Solar-Axion ALP/Dark Photon Tritium



3The XENONnT Detector

97.1 days × 4.4 ton FV  
= 1.2 ton-year

~8 times less 
214Pb BG w.r.t. 1T

Larger TPC
Rn Distillation

LXe Purification
Better LXe purity
ex: O2: ~0.02 ppb  
(~1 ppb in 1T)

Less Tritium

~2 times larger 
statistics w.r.t. 1T



4Electronic Recoil Spectrum @ XENONnT

•Data agree with BG-only model in the whole energy range  

•No excess is found in the low energy region! 

•Most likely the explanation of XENON1T excess is a small tritium contamination.  
XENONnT, taking steps to reduce tritium outgassing, sees no excess



5Constraints on BSM Physics

The last background component, accidental coinciden-
ces (ACs), is the only non-ER background in B0.
Uncorrelated S1s and S2s can randomly pair and form
fake events, and a small fraction survives all event
selections [30]. AC events overlap with the ER band in
cS1-cS2 space and produce a spectrum that increases
toward low energies. Its rate in the ER region is predicted
to be ð0.61" 0.03Þ events=ðt · yÞ using a data-driven
method, which randomly pairs isolated S1s and isolated
S2s data into fake events and subsequently applies the
aforementioned event selections.
After all aspects of the analysis had been fixed and a

good agreement between the background model and data
above 20 keV was found (p-value ∼0.2), the region
between "2σ quantile of ER events in S2 was unblinded.
The NR region below ER − 2σ remains blinded while the
WIMP analysis continues, as shown in Fig. 3.

We performed a fit in reconstructed energy space using
an unbinned maximum likelihood similar to that in [1]. The
efficiency at low energies is allowed to vary within its
uncertainty band. The best fit of B0 is illustrated in Figs. 4
and 5, and the results are listed in Table I. The SR0 dataset
agrees well with B0, and no excess above the background
is found. The efficiency-corrected average ER back-
ground rate within (1, 30) keV is measured to be
ð15.8" 1.3statÞ events=ðt · y · keVÞ, a factor of ∼5 lower
than the rate in XENON1T [1]. This is the lowest back-
ground rate ever achieved at these energies among dark
matter direct detection experiments. The spectral shape in
Fig. 4 is, for the first time, mostly determined by two
second-order weak processes: the 2νββ of 136Xe and
2νECEC of 124Xe.
The best-fit activity concentration of 214Pb is ð1.31"

0.17statÞ μBq=kg assuming the branching ratio to the

FIG. 6. 90% C.L. upper limit on different new physics models. Constraints on the axion-electron gae and axion-photon gaγ couplings
from a search for solar axions are shown in (a). Constraints on solar neutrinos with an enhanced magnetic moment (b), ALP DM (c), and
dark photon DM (d) are shown together with the 1σ (green) and 2σ (yellow) sensitivity bands estimated with the background-only fit.
Constraints between ð39; 44Þ keV=c2 are excluded in (c) and (d) due to the unconstrained 83mKr background. Selected limits from other
experiments [47–61] and astrophysical observations [62–66] are also shown.
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