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2The XENON Collaboration

• ~170 
scientists 

• 27 
institutions 

• 11 
countries



3XENON Dark Matter Project
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4XENON1T at LNGS (2016–2018)
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5Dual-Phase Time Projection Chamber
Scintillation and ionization:  

• Prompt light signal (S1) 
• Secondary light in GXe from drifted charges (S2) 
• Position reconstruction (x, y, z), calorimetry (E) 

and interaction type (ER/NR)
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6Low-Energy Electronic Recoil Excess

Phys. Rev. D 102 (2020) 7, 072004

Excess between 1–7 keV 
• 285 events observed vs. 

232 ± 15 events expected 
from best-fit background 

• 3.3σ fluctuation from 
Poisson counting  

• Unbinned likelihood ratio 
tests for signal models



7Possible Known Physics Origins
• Mismodeling of detector threshold 
• Instrumental background 
• Binning artifacts  
• Simulated shape of background spectra 
• 37Ar from an air leak 
• Tritium (3H) from cosmogenic activation, 

leaks, emanation from materials…

} Unlikely or 
cannot account 
for size of the 

excess.

Tritium signal 
favored over 

background-only at 
3.2σ

Monoenergetic peak at 2.3 ± 0.2 
keV favored over background-only 

at 3.0σ (global)

Bosonic Dark Matter or 37Ar?

Leak would need to be large and 
can be constrained with 85Kr!



8Solar Axions or Solar Neutrinos?

Neutrino magnetic 
moment favored 
over background-

only at 3.2σ

Solar axions favored 
over background-

only at 3.4σ

Axion + 3H  
favored over  3H 

hypothesis at 
2.0σ

ge↵an = �1.19g0an + g3an
<latexit sha1_base64="aeb1Doz2SGx2zAXfUnxwNYSiQN8="></latexit>

• 3 solar axion components measured via 
axioelectric effect 

• Finite neutrino magnetic moment 
• Tension with other experiments and astrophysics 
• Need more data to distinguish tritium and BSM 

signals



9XENON1T Low Energy Nuclear Recoils
• Energy threshold driven by S1 coincidence criterion: light in at 

least 3 PMTs to suppress accidental coincidences 
• Reanalysis of dark matter science data with 2-PMT threshold 

• Solar 8B neutrinos and non-standard interactions 
• Low-energy detector response (≈ how much signal is visible) 
• Low-mass WIMPs
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FIG. 3. Projections of the 90% confidence volumes in Ly

and � (top), and in Ly and the Qy interpolation parame-
ter q (bottom). The green area shows constraints using only
the XENON1T data. Combining the XENON1T data and
external constraints on Qy [16] and Ly [19, 32] (shown in
black dash-dotted lines) gives the confidence interval shown
in pink, and an upper limit on �. Conversely, combining the
XENON1T data and constraints on � [14] and Qy yields the
dark blue interval and upper limits on Ly. The dashed white
line displays the 68% confidence interval. Ly is assumed con-
stant in the 8B CE⌫NS ROI for these constraints.

the detector surface area, the AC background will be
the biggest challenge for the discovery of 8B CE⌫NS.
The AC background modeling and discrimination tech-
niques used in this analysis will improve the sensitivity of
XENONnT to 8B CE⌫NS and low-mass DM. The novel
cryogenic liquid circulation system developed to ensure
e�cient purification in XENONnT will mitigate the re-
duction of S2s due to impurities, improving the accep-
tance of low-energy NRs from 8B neutrinos and DM. Ad-
ditionally, the data will be analyzed in a triggerless mode
to minimize e�ciency loss and better understand the AC
background. Together with the significantly larger expo-
sure, these techniques give XENONnT strong potential
to discover 8B CE⌫NS.

The large uncertainty in both Qy and Ly will be the
dominant systematic in constraining new physics from
DM and non-standard neutrino interactions. Improving
these uncertainties by calibrating NRs in LXe using in-
situ low energy neutron sources [40] and dedicated de-

FIG. 4. Constraints on new physics using XENON1T data.
Top: Constraints on non-standard vector couplings between
the electron neutrino and quarks, where the XENON1T 90%
confidence interval (light blue region) is compared with the
results from COHERENT [3, 28] (pink and dark red regions)
and CHARM [33] (green). Bottom: The 90% upper limit
(blue line) on the spin-independent DM-nucleon cross section
�SI as function of DM mass. Dark and light blue areas show
the 1� and 2� sensitivity bands, and the dashed line the me-
dian sensitivity. Green lines show other XENON1T limits on
�SI using the threefold tight-coincidence requirement [6] and
an analysis using only the ionization signal [7], and other con-
straints [34–38] are shown in red. The dash-dotted line shows
where the probability of a 3� DM discovery is 90% for an
idealised, extremely low-threshold (3 eV) xenon detector with
a 1000 t⇥ y exposure [39]. The black dot denotes DM that
has a recoil spectrum and rate identical to the 8B neutrinos.

tectors [16] can crucially improve the sensitivity of next-
generation experiments to both 8B CE⌫NS and light DM.
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Non-standard 
interactions

shown by the green shaded region in Fig. 3 (top). On the
other hand, Φ can be constrained if the external constraints
on Qy and Ly are included, as shown in the pink region,
with a 90% upper limit on Φ of 1.4 × 107 cm−2 s−1. The
blue region in Fig. 3 shows the confidence interval from a
combination of the XENON1T likelihood, constraints onΦ
[16], and on Qy. The 90% upper limit on Ly (assumed
constant over the 0.9–1.9 keVenergy range) is 9.4 ph=keV.
In the benchmark model of nonstandard neutrino inter-

actions considered, the electron neutrino has vector cou-
plings to the up (u) and down (d) quarks of εdVee and εuVee ,
respectively [3,34,35]. The 90% confidence interval for εdVee
and εuVee from XENON1T data is shown in light blue in
Fig. 4 (top).
The result for a spin-independent DM-nucleus interac-

tion is shown in Fig. 4 (bottom). This constraint improves
on previous world-leading limits [8,9] in the mass range
between 3 and 11 GeV c−2 by as much as an order of
magnitude. The limit lies at roughly the 15th percentile,
reflecting the downwards fluctuation with respect to the

background model (including CEνNS), but is not extreme
enough to be power constrained.
Outlook.—The XENONnT experiment, currently being

commissioned at LNGS, aims to acquire a 20 t × y
exposure [14]. As the isolated-S1 rate scales up with the
larger number of PMTs and the isolated-S2 rate with
the detector surface area, the AC background will be the
biggest challenge for the discovery of 8B CEνNS. The AC
background modeling and discrimination techniques used
in this analysis will improve the sensitivity of XENONnT
to 8B CEνNS and low-mass DM. The novel cryogenic
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[16] and Qy yields the dark blue interval and upper limits on Ly.
The dashed white line displays the 68% confidence interval. Ly is
assumed constant in the 8B CEνNS ROI for these constraints.
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electron neutrino and quarks, where the XENON1T 90% con-
fidence interval (light blue region) is compared with the results
from COHERENT [3,34] (pink and dark red regions) and
CHARM [38] (green). Bottom: The 90% upper limit (blue line)
on the spin-independent DM-nucleon cross section σSI as
function of DM mass. Dark and light blue areas show the 1σ
and 2σ sensitivity bands, and the dashed line the median
sensitivity. Green lines show other XENON1T limits on σSI
using the threefold tight-coincidence requirement [8] and an
analysis using only the ionization signal [9], and other constraints
[39–44] are shown in red. The dash-dotted line shows where the
probability of a 3σ DM discovery is 90% for an idealized,
extremely low-threshold (3 eV) xenon detector with a 1000 t × y
exposure [45]. The black dot denotes DM that has a recoil
spectrum and rate identical to the 8B neutrinos.
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Projections of 90 % confidence volumes 
for different sets of external constraints 



10Upgrading to XENONnT
• Larger TPC with more 

PMTs  
• Neutron veto and Gd 

handling system 
• Liquid xenon purification 
• Radon distillation column 
• WIMPs, low-energy 

excess, 0νββ, ….



11XENONnT Time Projection Chamber

• Total xenon mass 8.6 t with 5.9 t active mass 
• 4.0 t fiducial volume for WIMP search 
• 494 PMTs 
• 1.5 m drift, 1.3 m diameter



12XENONnT Neutron Veto
• Gadolinium-doped water Cherenkov 

detector with 0.5 % Gd2(SO4)3 
• Optically separate inner region of existing 

muon veto 
• 120 additional PMTs 
• Projected 87 % neutron tagging efficiency



13XENONnT Liquid Purification

• High purification flux for removing electronegative 
impurities: 2 l /min LXe ≈ 350 kg/h 

• Low-Rn filters for science data taking 
• Achieved electron-lifetime of 7 ms 

XENON1T: 0.6 ms ≈ 0.9 x maximum 
drift-time with gas-only purification

Preliminary



14XENONnT Radon Distillation Column

LN2/Xe heat 
exchanger

Reboiler and 
Xe/Xe heat 
exchanger

Radon-free compressor 
as heat pump

Xenon

Radon

• Constantly remove emanating radon from 
xenon using difference in vapor pressure 

• Remove radon faster than it emanates and 
decays 

• Liquid xenon inlet and outlet with 0.4 l/min 
LXe ≈ 70 kg/h

Sources inside 
detector

Gas extraction 
from cryogenics

Preliminary



15XENONnT Commissioning
Feb. 2021: First light 
in gas without field

S1 + S2 event in dual-phase with field

Identification of 83mKr 
calibration events

Now recording 
science data!

Preliminary

Preliminary



16Summary

instagram.com/xenon_experiment

twitter.com/xenonexperiment

www.xenonexperiment.org 

• XENON1T saw an unexpected excess of low-energy 
nuclear recoils of unknown origin. 

• A low threshold search for 8B neutrinos yielded improved 
low-mass WIMP limits and constraints on detector 
response.  

• XENONnT is taking science data and will improve on 
XENON1T with 1/7th the background and 20x more data

https://www.instagram.com/xenon_experiment/
http://instagram.com/xenon_experiment
http://twitter.com/xenonexperiment
http://twitter.com/xenonexperiment
http://www.xenonexperiment.org/
http://www.xenonexperiment.org/


17XENONnT Physics Reach
• Reach world-record low background in 4 t 

fiducial volume 
• Probe WIMP-nucleon cross-sections down 

to 10-48 cm2 
• Investigate origin of low-energy ER excess 

and discriminate hypothetical BSM signal 
from tritium background 

• 0νββ, solar neutrinos, …

Preliminary



18Electronic and Nuclear Recoils
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Nuclear Recoils 
• CEνNS 
• WIMP search over 

wide mass range 
• Very low 

background from 
neutrons, neutrinos

Electronic Recoils: 
• Backgrounds, mostly 

intrinsic 222Rn 
• Searches for excess 

above background 
(0νββ, 2νECEC, axions 
and bosonic dark 
matter)

Dual signal enables discrimination of interaction type.


