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The TPC
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Nuclear recoil searches
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PRL 126, 091301 (2021) 
PRL 121, 111302 (2018)

No excess of NR events found

PRL 123, 241803 (2019) 
PRL 123, 251801 (2019)
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This talk 

Search for excess above known BGs

What about the electronic recoils?
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This talk: low energies (up to 10 keV)

Nature 568, 532 (2019) 
  — Double electron capture 124Xe 
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226.9 live days 

1 tonne fiducial volume 

[1, 210] keV energy range 

Consider efficiencies of reconstruction and data 
quality cuts 

Threshold at 10% detection efficiency

The low energy excess
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Feb. 2018

Science Run 1

(SR1)

Feb. 2017 3.3 σ fluctuation between 1 and 7 keV
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Background sources modelled with 
Geant4 

Most rates constrained by other 
measurements or time dependence 

Search for excess over known 
backgrounds between 1 and 210 keV

Background modelling
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Look at Rn-220 calibration data 

Beta-decay just like dominant background 

p-value 0.58 

Efficiency and energy reconstruction
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Mistake in energy reconstruction?? Mis-modelled efficiency?
The excess is here

Cannot explain 
the excess



IT COULD BE A NEW 
BACKGROUND
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Beta decay 

Q value 18.6 keV 

Half life 12.3 years

Tritium
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3.2σ over background 

(159 ± 51) ev/keV/t/yr 

< 3 atoms 3H / kg Xe

? Where from?

Emanation from detector materials neither confirmed nor ruled out 
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Cosmogenic activation? 

Xe spallation 
31.58/kg/d at sea level 
(Zhang et al., Astropart. Phys 84, 62 (2016) 

Tritium — possible origins
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Prediction

Fit

? Where from?

Seems unlikely
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Emanation from detector materials? 

Atmospheric abundance (5—10)×10−18 HTO/H2O 

Best fit ⟹ 60—120 ppb H2O+H2

Tritium — possible origins
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? Where from?

HTO 
Light yield ⟹ O(1) ppb H2O

HT 
Electron lifetime (xenon purity) 

⟹ < ppb O2-equivalent impurities

Can neither confirm nor rule out tritium 

All other significances reported 
both with and without 

tritium in BG mode



Adam Brown | adam.brown@physik.uni-freiburg.de

2.8 keV energy released after EC 

X-rays / Auger electrons 

Tested as calibration source 

Argon-37
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COULD IT BE 
NEW PHYSICS?
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Search for a mono-energetic peak 

Could be dark matter, 
e.g. axion-like particle or dark photon 

Most significant at 2.3 ± 0.2 keV 

No > 3σ excess ⟹ only report limits

Bosonic dark matter
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Axion like particle

Mono-energetic peak: 3.0σ over background (global)



Adam Brown | adam.brown@physik.uni-freiburg.de

 —  

 ⟹ Majorana neutrinos 

Compatible with other experiments 

In tension with astrophysical constraints 

arXiv 1910.10568, 1907.00115

μν : (1.4 2.9) × 10−11μB

≳ 10−15μB

Neutrino magnetic moment
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FIG. 7. Fits to the data under various hypotheses. The null and alternative hypotheses in each scenario are denoted by gray
(solid) and red (solid) lines, respectively. For the tritium (a), solar axion (b), and neutrino magnetic moment (c) searches,
the null hypothesis is the background model B0 and the alternative hypothesis is B0 plus the respective signal. Contributions
from selected components in each alternative hypothesis are illustrated by dashed lines. Panel (d) shows the best fits for an
additional statistical test on the solar axion hypothesis, where an unconstrained tritium component is included in both null
and alternative hypotheses. This tritium component contributes significantly to the null hypothesis, but its best-fit rate is
negligible in the alternative hypothesis, which is illustrated by the orange dashed line in the same panel.

cluded in both null and alternative hypotheses. In this
test the significance of the neutrino magnetic moment
signal is reduced to 0.9�.

This is the most sensitive search to date for an en-
hanced neutrino magnetic moment with a dark matter
detector, and suggests that this beyond-the-SM signal
be included in the physics reach of other dark matter
experiments.

D. Bosonic Dark Matter Results

For bosonic dark matter, we iterate over masses be-
tween 1 and 210 keV/c2 to search for peak-like excesses.
The trial factors to convert between local and global sig-
nificance were extracted using toy Monte Carlo methods.
While the excess does lead to looser constraints than ex-
pected at low energies, we find no global significance over
3� for this search under the background model B0. We
thus set an upper limit on the couplings gae and  as a
function of particle mass.

These upper limits (90% C.L.) are shown in Fig. 10,
along with the sensitivity band in green (1�) and yel-
low (2�). The losses of sensitivity at 41.5 keV and
164 keV are due to the 83mKr and 131mXe backgrounds,
respectively, and the gains in sensitivity at around 5
and 35 keV are due to increases in the photoelectric
cross-section in xenon. The fluctuations in our limit
are due to the photoelectric cross-section, the logarith-
mic scaling, and the fact that the energy spectra dif-
fer significantly across the range of masses. For most
masses considered, XENON1T sets the most stringent
direct-detection limits to date on pseudoscalar and vec-
tor bosonic dark matter couplings.

E. Additional Checks

Here we describe a number of additional checks to in-
vestigate the low-energy excess in the context of the tri-
tium, solar axion, and neutrino magnetic moment hy-
potheses.

Mag. Moment: 3.2σ over background 

with 3H: 0.9σ over background + 3H
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(atomic recombination and de-excitation, 
 bremsstrahlung and Compton)

Solar axions
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Solar axions
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Solar axions only: 3.4σ over background 
Axions + 3H: 2.0σ over background + 3H

In tension with astrophysical constraints 
e.g. from stellar cooling 

(arXiv 1708.02111)



Tritium 
3.2σ

Axions + 3H 
2.0σ

Solar axions 
3.4σ

μν 

3.2σ

Mono-energetic peak 
3.0σ

RESULTS ARE 
INCONCLUSIVE… 

…FOR NOW



XENONnT
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Some of what’s new in XENONnT
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• Separated region of 
existing muon veto 

• 120 additional PMTs 
• Gd in the water tank 
• 0.5 % Gd2(SO4)3 

Neutron
veto

Liquid Xe
purification

• Faster xenon cleaning 
• 5 L/min LXe 

(2500 slpm) 
• XENON1T ~ 100 slpm

TPC
Larger

• Total 8.4 t LXe 
• 5.9 t in TPC 
• ~ 4 t fiducial 
• 248 → 494 PMTs

222Rn
distillation

• Reduce Rn (214Pb) from 
pipes, cables, 
cryogenic system 

• New

⟹Lower BG

⟹Higher exposure 
   and lower BG

⟹Lower BG
⟹Better resolution 
      Lower thresholds
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XENOnT — watch this space

26

XENONnT now being 
commissioned

Excellent xenon purity achieved
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XENOnT — watch this space
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XENONnT now being 
commissioned

Excellent xenon purity achieved

Expect to know more with 
few months of data



THANK YOU 
FOR LISTENING

xe-pr@lngs.infn.it
www.xenonexperiment.org
twitter.com/XENONexperiment
facebook.com/XENONexperiment
instagram.com/xenon_experiment


