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The XENON collaboration
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27 institutions, 11 countries, 170 scientists
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The XENON collaboration
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Main goal: direct detection of dark matter with a dual-phase Xenon TPC
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XENON: direct dark matter 
search with a dual-phase TPC

S1: prompt scintillation (light) 
S2: proportional scintillation from electron 
drift and extraction into gas (charge)

(S2/S1)WIMP,n((<((S2/S1)γ,β

S1:"Prompt"Scin.lla.on"(light)"
"

S2:"Propor.onal"scin.lla.on"
following"eR"drig"and"extrac.on"
into"gas"(charge)"

LXE(DUAL(PHASE(TIME(PROJECTION(CHAMBER(
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Credits:"Purdue"University"

• Energy: from S1 and S2 
• 3D position reconstruction:  

• x and y from S2 pattern on top PMT array 
• z (depth) from drift time  

• Electron and nuclear recoil discrimination
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The TPC 
detection 
principle

x ER/NR events 
discrimination

x Particle ID (γ, α, β, n, 
WIMP)

x Fiducialization
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• FIDUCIALIZATION 
• PARTICLE 

IDENTIFICATION (n, beta, 
gamma, alpha, WIMP) 

• ER/NR DISCRIMINATION



The XENON project
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XENONnT: the next detector
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Sara"Diglio"
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Time(
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Past Past Present Near future

Future

BI ~ 103  cts/(keV t yr)

BI ~ 5 cts/(keV t yr)

BI ~ 0.2 cts/(keV t yr)

2020 — 2026

~8.5 t

148.5 cm
~5.9 t

BI ~ 0.02 cts/(keV t yr)



The XENON1T experiment  
@ LNGS (Italy)
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TPC inside the Water Tank + Ancillary systems: purification, Krypton 
distillation, cryogenics, DAQ, slow control, Xenon storage



The XENON1T TPC
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• 3.2 t LXe in total @180K
• 2 t in the TPC
• 97 cm drift, 96 cm diameter
• Drift field ~100V/cm Highly reflective 

PTFE walls

248 3-inch PMTs

• 35% QE @ 178nm
• Digitize at 100MHz
• SPE acceptance 
~94%

EPJC 75 11 (2015)
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Past Past Present

Future

BI ~ 103  cts/(keV t yr)

BI ~ 5 cts/(keV t yr)

BI ~ 0.2 cts/(keV t yr)

WIMP search

-Spin independent
-Spin dependent
-Low-E (sub GeV) DM
-Dark photons
-Axion-like particles

From the Sun

-Solar axions
-8B solar neutrinos
-pp neutrinos

Neutrino properties

-Neutrinoless double-beta decay 
of 136Xe 
-Double-electron capture in 124Xe  

 -Neutrino magnetic moment 

SuperNovae

-Supernova neutrinos
-Multi-messenger 
information for DM 
experiments

The XENON science program



SI WIMP search results
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• 1 tonne*year exposure
• 4-dimensional profile likelihood
• 3 continuous (cS1, cS2bottom, R) and one discreet (inner, outer)

• XENON1T is 7 times more sensitive 
compared to previous experiments 
(LUX, PandaX-II) 

• Most stringent 90% confidence level 
upper limit on WIMP-Nucleon cross 
section at all masses above 6 GeV 

• σSI below 4.1･10-47 cm2 at 30 GeV/c2
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S2-only and Migdal analyses
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Different interaction
• Migdal effect
• Bremsstrahlung effect

Lower threshold
• Ionization-only (S2) analysis (limit)
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Double electron capture of  
124Xe
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124Xe ECEC:
• Longest half-life ever measured 

directly:
  1.8x1022 yr at 4.4σ significance
• Important observable for nuclear 

structure models
• Sensitivity achieved thanks to 

highly radiopure detector
• Step towards search for 0νECEC
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Double Electron 

Capture in 124Xe

x Observation of X-rays and 
Auger electrons, Qvalue= 
64,3 keV

x Longest half-life ever 
observed directly: 1.8 ×
1022 years at 4.4σ
significance

x First step for neutrinoless
DEC search
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ELECTRONIC-RECOIL
EXCESS IN XENON1T

Sara Diglio – SUBATECH

On behalf of 
the XENON Collaboration + X. Mougeot

Online Seminar,  5 October 2020, CPPM, Marseille

Sara Diglio

arxiv: 2006.09721

Low energy electron recoil 
excess

13

Electron Recoil with energy < 30 
keV:
• Excess between 1-7 keV
• 285 events observed vs. (232 +/- 15) 

predicted
• would be a 3.3σ fluctuation
• Lowest background ever achieved in 

this energy range 
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LIQUID XENON AS A DETECTORMEDIUMWHAT ABOUT ELECTRONIC RECOILS ?

Seminar CPPM    12th June 2017Online Seminar - 5 October – CPPM, MarseilleSara Diglio 13

• This talk !
à Search for excess events over 

known background in XENON1T

arxiv:2006.09721

 Phys. R
ev. D

 102, 072004 (2020)

Not considered background ?
  the Tritium hypothesis
               OR

  New Physics?
Solar axions
Anomalous neutrino magnetic moment
Bosonic dark matter
many other possible interpretations…
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Low energy electron recoil excess
New physics ? Solar axions

LIQUID XENON AS A DETECTORMEDIUMSOLAR AXIONS

Seminar CPPM    12th June 2017Online Seminar - 5 October – CPPM, MarseilleSara Diglio 34

Results in tension with astrophysical constraints from stellar cooling
(tough in arXiv:2006.14598 Gao et al. shows that this is alleviated by taking into account the inverse Primakoff effect as detection process)

Favored over B0 at 3.5 σ * 90% C.L. 3D contour 90% C.L. contour projection
* Drop to 2.1 s if H0=B0+3H 
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Results in tension with astrophysical constraints from stellar cooling
(tough in arXiv:2006.14598 Gao et al. shows that this is alleviated by taking into account the inverse Primakoff effect as detection process)

Favored over B0 at 3.5 σ * 90% C.L. 3D contour 90% C.L. contour projection
* Drop to 2.1 s if H0=B0+3H 

Favoured over 
background at 3.4σ* 90% C.L. 3D contour 90% C.L. contour 

projection

• Result in tension with astrophysical 
constraints (axions cool off stars too much) 

• Gao at al. (arXiv:2006.14598), Dent et al. 
(arXiv: 2006.15118): point out that the 
tension is relaxed if axions are considered to 
originate via the Primakoff conversion of 
photons only

LIQUID XENON AS A DETECTORMEDIUMSOLAR AXIONS : RECONSTRUCTION

Seminar CPPM    12th June 2017Online Seminar - 5 October – CPPM, MarseilleSara Diglio 33

Hypothetical axions proposed as a solution to the ’strong CP-problem’

• Expected rate in xenon 
convolved with detector 
effects (resolution, efficiency)

• Energy resolution and shell 
structure affects the spectrum

• All three components left 
unconstrained in the fit

 Phys. Rev. D 102, 072004 (2020)
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Low energy electron recoil excess
New physics ? Neutrino magnetic moment
• In many extensions of the Standard Model neutrinos acquire mass and also 

electromagnetic properties
• Can generate important effects in astrophysical environments
• Majorana neutrinos are predicted to have large magnetic moments (μν > 10-15 μB)

Source: neutrinos from the Sun (pp-reaction)
Detection: elastic scattering off electrons

LIQUID XENON AS A DETECTORMEDIUMNEUTRINO MAGNETIC MOMENT

Seminar CPPM    12th June 2017Online Seminar - 5 October – CPPM, MarseilleSara Diglio 35

Neutrinos acquire magnetic moment in extensions of the SM
• Source: neutrinos from the Sun (mostly from pp-reactions)
• Reaction: elastic scattering off electrons
• Larger values implies new physics, μν > 10-15 μB implies Majorana neutrinos

!! ∈ 1.4 , 2.9 ×10"##!$ at 90% C.L.

In tension with astrophysical 
observation

Would lead to enhanced neutrino-
electron scattering cross-section

Neutrino magnetic moment 
hypothesis favoured at 3.2 s * 

Detector efficiency 
& resolution applied

* Drop to 0.9 if H0=B0+3H 

Would lead to higher 
cross-section 

Favoured over 
background at 3.2σ*

In tension with 
astrophysical limits

LIQUID XENON AS A DETECTORMEDIUMNEUTRINO MAGNETIC MOMENT
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LIQUID XENON AS A DETECTORMEDIUMBOSONIC DARK MATTER
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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

Axion-like particles Dark photons

LIQUID XENON AS A DETECTORMEDIUMBOSONIC DARK MATTER
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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

Axion-like particles Dark photons

M. Galloway, University of Zürich 11 

Mono-energetic peak searches 

dark photons, super-WIMPs, Axion-Like Particles 

Search for other dark matter candidates 

Bosonic vector and pseudoscalar DM candidates (ALPs)  

JCAP 11, 017 (2016) 

Coupling and mass are 

independent 

For vector bosons: 

•  Results from spontaneously broken U(1) 

symmetry à Nambu-Goldstone boson 

•  Could be keV-scale relic dark matter (doesn’t 

address strong CP problem) 

•  Also interacts via axio-electric effect 

where α’/α = κ2 
16C. Macolino                                                                            

Low energy electron recoil excess
New physics ? Bosonic dark matter
keV relic dark matter: ALPs, SuperWIMPs, dark photon

LIQUID XENON AS A DETECTORMEDIUMBOSONIC DARK MATTER

Seminar CPPM    12th June 2017Online Seminar - 5 October – CPPM, MarseilleSara Diglio 36

• 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

Axion-like particles Dark photons

Search for mono-energetic peaks
Most significant at 2.3 keV, No excess above 3σ

 Phys. Rev. D 102, 072004 (2020)
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CEνNS of  8B neutrinos 
Coherent Elastic Neutrino-Nucleus Scattering for 8B 
neutrinos from the Sun
• Irreducible background to WIMP search 
• Lower detection threshold from 2-fold coincidence

3

FIG. 1. Top: Improvement of the NR acceptance in this work
(solid) with respect to previous DM analyses (dashed) [6, 20],
including S1 detection e�ciency (blue), software trigger and
S2 threshold acceptance (green), and total acceptance after
other quality and background rejection cuts (black). The
right axis shows the recoil spectrum of 8B CE⌫NS or dark
matter of mass 6GeV c�2 and cross section 4⇥ 10�45 cm2

(dotted pink), and the products of this spectrum with the
total acceptances (red) as a function of true recoil energy.
The acceptances and resulting spectra are based on the nom-
inal (NEST) yield models. The red shaded interval contains
68% of expected CEvNS events. Middle: The most precise
available measurements of Qy [16] (pink), with the Qy model
described in the text overlaid (black). Bottom: Constraints
on Ly (in photons per keV) from LUX (orange) [18], and the
68% upper limit from this work described in the Results sec-
tion (blue), with the Ly model described in the text overlaid
(black). To be conservative, no response is assumed below
the 0.5 keV cuto↵ (hatched gray).

ceptance losses due to new event selection criteria intro-
duced to suppress backgrounds are described below. Fig-
ure 1 (top) shows the S1 tight-coincidence acceptances,
software trigger and S2 threshold acceptances, and total
acceptances for this and previous analyses, and the re-
sulting spectra of expected 8B CE⌫NS events. The sup-
plemental material of this Letter provides details on the
waveform simulation used to calculate all acceptances,
and demonstrate excellent matching between real and
simulated S1s and S2s. The overall change in acceptance
results in a lowering of the energy threshold, defined as
the energy where 5% of recoils are detected, from 2.6 keV
to 1.6 keV.

The ROI for the CE⌫NS search is defined by S2s be-
tween 120 and 500 photoelectrons (PE), and S1s between
1 and 6PE consisting of two or three hits. In this ROI,
the 8B CE⌫NS signal expectation increases twentyfold
with respect to previous NR searches [6, 8, 9] because of

the relaxed tight-coincidence requirement and lower S2
threshold, derived from integrating the expected event
rate in Fig. 1 (top). Due to the minimal overlap with
previously studied data, we consider this a blind analy-
sis.

Backgrounds — This analysis considers all back-
grounds described in [6, 15]. Radon daughters decaying
on the inner surface of the TPC wall produce events with
reduced S2s, contributing to the background in the ROI.
In order to reduce this background to a negligible level,
we use a fiducial volume of 1.04 t, similar to the one cho-
sen for [20] but smaller than the one used in [6].

The accidental coincidence (AC) of S1 and S2 peaks
incorrectly paired by the XENON1T reconstruction soft-
ware mimics real interactions. AC background events are
modeled by sampling (with replacement) from isolated
S1s and S2s and assigning a random time separation be-
tween them. Most S1s contributing to AC events origi-
nate from the pileup of lone hits from individual PMTs.
Other sources include low-energy events occurring below
the cathode or on the inner detector surface, and light
leaking inside the active volume. AC forms the domi-
nant background for this search, since the overall rate of
isolated S1s increases by two orders of magnitude when
we require only two hits. The rate and distribution of
isolated S1s are determined using S1 peaks found in the
extended event window of 1ms before the S1 of high-
energy events, as in [6, 15]. For this analysis, the data is
reprocessed with an updated algorithm [23] to better re-
tain the isolated S1s preceding these high-energy events,
eliminating the dominant systematic uncertainty in the
AC rate [6].

High-energy events from gamma-ray backgrounds can
also contaminate subsequent events with lone hits, a
dominant source of S1s in this analysis. For each event,
the preceding event with the highest potential to pro-
duce lone hits is identified by dividing its largest S2 area
by its time di↵erence from the current event, denoted
as S2

prev

/�t
prev

. The selection on S2
prev

/�t
prev

re-
duces the rate of isolated S1s by 65%, accepting 82%
of 8B CE⌫NS signals. Furthermore, we require the PMT
signal sum within the first 1ms of an event to be < 40PE
and that this interval contains at most a single S1, accept-
ing 96% of remaining events. After these selections, the
total isolated-S1 rate is 11.2Hz, ten times higher than for
a threefold tight-coincidence requirement [6]. The total
exposure after these selection criteria is 0.6 t⇥ y.

The same high-energy events can also produce small
S2s appearing in subsequent events [24], potentially lead-
ing to unaccounted-for correlations between the isolated-
S1 and isolated-S2 samples. In order to reduce these cor-
relations, we further require that no S2 signal is found
within the first millisecond of the event, and apply a
cut on the horizontal spatial distance between the cur-
rent and previous S2. These selections, together with
the selection on S2

prev

/�t
prev

, allow us to model the

Boron- 8 solar 
neutrino 
search

19/02/2021 Recent Results form XENON1T and Multi-Messenger Future of XENONnT 12

x 8B neutrinos are a constant source 
of coherent elastic neutrino-nucleus 
scattering (CEvNS) events in the 
TPC, a background to WIMP search

x Lower detection threshold from 2-
fold coincidence

x Few measurements of the charge 
and light yields at this energy range

x Background dominated by 
mispairing of S1-S2 signals (AC)

arXiv:2012.02846Boron- 8 solar 
neutrino 
search

19/02/2021 Recent Results form XENON1T and Multi-Messenger Future of XENONnT 12

x 8B neutrinos are a constant source 
of coherent elastic neutrino-nucleus 
scattering (CEvNS) events in the 
TPC, a background to WIMP search

x Lower detection threshold from 2-
fold coincidence

x Few measurements of the charge 
and light yields at this energy range

x Background dominated by 
mispairing of S1-S2 signals (AC)

arXiv:2012.02846

Phys. Rev. Lett. 126, 091301 (2021)  
  arXiv:2012.02846 
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CEνNS of  8B neutrinos 
Coherent Elastic Neutrino-Nucleus Scattering for 8B 
neutrinos from the Sun• No excess observed in a 0.6 tonne*year exposure
• Non detection of solar neutrinos to constrain: 

• light yield and ionization yield
• light dark matter between 3-11 GeV/c2

Phys. R
ev. Lett. 126, 091301 (2021)  

  arXiv:2012.02846 
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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 Q
y

and L
y

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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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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Past Past Present

Future

BI ~ 103  cts/(keV t yr)

BI ~ 5 cts/(keV t yr)

BI ~ 0.2 cts/(keV t yr)
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Past Past Present

Future

BI ~ 103  cts/(keV t yr)

BI ~ 5 cts/(keV t yr)

BI ~ 0.2 cts/(keV t yr)

The XENONnT Upgrade

M. Lindner MPIK TAUP, July 24-28 , 2017 24

2012-2018    2019-2023 
3.2t LXe ca. 8t LXe
running under preparation

Existing/operational/tested:
muon veto
cryostat support
outer cryostat
in-LXe cabeling
LXe storage system (Restox)
cryogenic system
purification system
Kr removal
DAQ & 95% electronics
slow control system
calibration system
> 8t of Xenon gas & 260 PMTs
screening facilities
Started/design/on-going:
230 more PMTs ordered 

èbeing delivered & tested
TPC & inner cryostat design
n-veto studies
material orders
g and Rn screening
Rn reduction system
improved purification
2nd Restox & more Xe gas

being prepared while XENON1T runs è switching gears

XENON1T                             XENONnT

1.4m

1.4m

Detect this dark matter by 2025!

• XENONnT TPC already assembled and 
operational at this time

• Commissioning data currently available
• First science run soon!

The XENONnT sensitivity paper  arXiv:2007.08796

5.9 t liquid Xe
(3x XENON1T) 494 PMTs

Background 
reduction:

• Material selection and 
screening

• Radon distillation 
column

• Radon-free purification 
pump 

Active neutron
veto with Gd 
loaded water

High energy 
readout

Liquid Xe
purification 

system 
(~1500 slpm)
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Future

Installation finished during the 2020 lockdown 

Past Past Present

BI ~ 103  cts/(keV t 

BI ~ 5 cts/(keV t 

BI ~ 0.2 cts/(keV t 

LIQUID XENON AS A DETECTORMEDIUM@LNGS: DESPITE COVID PANDEMIC …

Seminar CPPM    12th June 2017Online Seminar - 5 October – CPPM, MarseilleSara Diglio 38

Muon & Neutron veto installation

Electrodes tests

PMTs assembly TPC assembly

TPC transportation underground Cryostat Xe filling crew 

Electrodes 

thanks to the dedication and effort of XENON 
collaborators during the Covid pandemic



XENONnT: Status of Cryogenics & Purification
● Cryostat filled with ~8.6 t of LXe

○ 6 wks for cool down and filling through gas purifiers 
(high temperature getters)

○ Started LXe circulation and electron lifetime 
measurements with dedicated purity monitor

● Initial purification of LXe volume with GXe 
purification system @ 60 slpm

● Cryogenic LXe purification
○ Started with a high-efficiency O₂ filter (copper on 

alumina support)
○ Electron lifetime went from 100 us to 5 ms in 5 days!
○ Continuous improvement with decrease in outgassing
○ Reached >10 ms after ~1 month of operation

● Switch to O₂ filter with ultra-low Rn emanation
○ Reached electron lifetime of >7 ms

5 ms in 5 days!

7 ms

XENONnT: the next detector
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XENONnT: Status of Cryogenics and Purification
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Neutron veto
neutron Veto120 8” PMTs to detect Cerenkov light from n-capture, inside a high reflectivity volume around the cryostat.  

Under commissioning since the tank has been filled with demi-water in December 2020.

PMT gain

PMT Dark rate
Coincidence rate vs time  

(showing Rn in water decay)
Calibration with Th source

Example  
Waveform

Single  
Photoelectron 

Spectrum

Preliminary
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Key performance parameter
l Basic concept proven: 

EPJ C77 (2017) 358, arXiv:2009.13981

l Flow: 0.4 l/min LXe = 200 SLPM = 70 kg/h

l Radon reduction of factor 2 for type 1

sources for XENONnT (8.5 t LXe)

Cryogenic distillation column
l LXe inlet and outlet

l Cooling concept:

top condenser: LN2/Xe heat exchanger

output liquefaction: Xe/Xe heat exchanger in reboiler
(heat pump concept)

l Reflux ratio R = 0.5

l 45 m² packing material surface

Radon-free compressor
l 4 cylinder magnetically-coupled piston pumps

(EPJ C78 (2018) 604)

l Phase-shifted synchronized movement

l Flow: 200 slpm, ΔP: 2 bar

l Radon emanation: (0.30�0.05) mBq

XENONnT radon removal system

Status of the system
l Thermodynamic stability successfully tested

l Radon removal ongoing using XENONnT as radon monitor

l Promising preliminary result – data coming soon

XENONnT radon removal system



• Sum waveform and S2 hitpattern of a 
krypton calibration event
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• The cS2_tot xy distribution from 
Kr83m events with the S2s from 
32.1keV and 9.4keV decays 
merged

Commissioning data from XENONnT

Study of commissioning 
data is ongoing

PRELIMINARY

PRELIMINARY

Commissioning data from XENONnT
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Past Past Present

Future

BI ~ 103  cts/(keV t yr)

BI ~ 5 cts/(keV t yr)

BI ~ 0.2 cts/(keV t yr)

The XENONnT sensitivity paper: JCAP 11 (2020) 031
arXiv:2007.08796

Detect this dark matter by 2025!

• XENONnT TPC + neutron veto+Purification and Distillation 
systems installed and operational

• Commissioning data currently available
• First science run soon!

Sensitivity
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Backup 
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Energy reconstruction
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Energy calibration

LIQUID XENON AS A DETECTORMEDIUMENERGY RECONSTRUCTION

Seminar CPPM    12th June 2017Online Seminar - 5 October – CPPM, MarseilleSara Diglio 15

E = (n!" + n#) ' ( = )1
+1 +

)2
+2 ' (

• 2D analysis : use of both S1 and S2 signals
• Determination of scintillation (g1) and ionization (g2) 

gains with calibration data

à 1D analysis : Combined energy scale as analysis space

-.
E = g2

W − 2.
23

-3
E

S2
/E

S1/E
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Background

ER background by isotope

ER background by material

NR background by material
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Low energy electron recoil excess

The Tritium hypothesis
• Long lived beta emitter (Q-value 

18.6 keV, t1/2=12.3 y)

• Cosmogenic activation of Xe or 
atmospheric abundance

• Favoured over background (B0) at 
3.2σ

• Best fit rate: (159 +/- 51) evts/
(t*y*keV) 

• 3H/Xe concentration:
  (6.2 +/- 2.0)*10-25 mol/mol

• 3 tritium atoms per kg of Xenon

LIQUID XENON AS A DETECTOR MEDIUMTRITIUM

Seminar CPPM    12th June 2017Online Seminar - 5 October – CPPM, MarseilleSara Diglio 28

• Long-lived (12.3 y) low energy β emitter (Q-value 18.6 keV)
• Cosmogenic activation of xenon or atmospheric abundance?
• Favored over B0 at 3.2σ

• Best fit rate (159 ± 51) evts/ (t·y·keV)
• 3H/Xe concentration:

(6.2 ± 2.0) × 10-25 mol/mol

Fewer than 3 tritium atoms
per kg of xenon!

LIQUID XENON AS A DETECTOR MEDIUMTRITIUM

Seminar CPPM    12th June 2017Online Seminar - 5 October – CPPM, MarseilleSara Diglio 28

• Long-lived (12.3 y) low energy β emitter (Q-value 18.6 keV)
• Cosmogenic activation of xenon or atmospheric abundance?
• Favored over B0 at 3.2σ

• Best fit rate (159 ± 51) evts/ (t·y·keV)
• 3H/Xe concentration:

(6.2 ± 2.0) × 10-25 mol/mol

Fewer than 3 tritium atoms
per kg of xenon!
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Low energy electron recoil excess

The Tritium hypothesis
1. Xenon gas stored above ground 

(32 tritium atoms/(kg day)) 
1ppm of water implies formation of 
HTO

2. Xenon gas moved underground 
and decay

3. Xenon into the ReStoX storage 
vessel: ~x4000 reduction as water 
condenses and remains on the 
vessel walls

4.Further decay until detector filling

5.When filling the detector Xenon is 
efficiently purified (99.99%) in 
dedicated hydrogen removal unit

LIQUID XENON AS A DETECTORMEDIUMTRITIUM FROM COSMOGENIC ACTIVATION OF XENON

Seminar CPPM    12th June 2017Online Seminar - 5 October – CPPM, MarseilleSara Diglio 29

Tritiatited Water (HTO)

1. Xenon gas stored above ground 
– Cosmogenic activation of xenon produces ~32 tritium atoms / kg / day (Zhang, 2016) 

– 1 ppm of water in xenon 
bottles implies formation of HTO

2. Gas moved underground and decay
3. Xe filled into the cold ReStoX

storage vessel (~ x4000 reduction) 
– Water (including HTO) condenses and                                                                                          

remains on the vessel walls
4. Further decay until the detector                                                                                             

is filled
5. Detector filling :efficient removal                                                                                          

(99.99%) in dedicated hydrogen                                                                                               
removal unit of the purification system

Very unlikely to explain the 
excess with the tritium 
hypothesis: predicted rate 
x100 lower
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Low energy electron recoil excess
The Tritium hypothesis

LIQUID XENON AS A DETECTORMEDIUMTRITIUM FROM ATMOSPHERIC ABUNDANCE IN MATERIALS

Seminar CPPM    12th June 2017Online Seminar - 5 October – CPPM, MarseilleSara Diglio 30

HTO:H2O concentration (assume same for HT:H2) (5—10)×10−18 mol/mol *

Tritiated Water (HTO)
Light yield ⟹ O(1) ppb H2O:Xe

*Hydrology measurements from IAEA nuclear database

Required (H2O + H2):Xe concentration to explain the excess             60-120 ppb 

Triated Hydrogen (HT)
Electron lifetime ⟹ < ppb O2-equivalent impurities

H2 would require equilibrium 
emanation rate ~100x higher 
than electronegative 
impurities.

LIQUID XENON AS A DETECTORMEDIUMTRITIUM FROM ATMOSPHERIC ABUNDANCE IN MATERIALS

Seminar CPPM    12th June 2017Online Seminar - 5 October – CPPM, MarseilleSara Diglio 30

HTO:H2O concentration (assume same for HT:H2) (5—10)×10−18 mol/mol *

Tritiated Water (HTO)
Light yield ⟹ O(1) ppb H2O:Xe

*Hydrology measurements from IAEA nuclear database

Required (H2O + H2):Xe concentration to explain the excess             60-120 ppb 

Triated Hydrogen (HT)
Electron lifetime ⟹ < ppb O2-equivalent impurities

H2 would require equilibrium 
emanation rate ~100x higher 
than electronegative 
impurities.

TRITIATED WATER (HTO)

From the light yield one derives
O(1) ppb H2O:Xe
too low

TRITIATED HYDROGEN (HT)

From the electron lifetime one 
derives < 1 ppb O2-equivalent 
impurities

  ?

HTO:H2O concentration (or HT:H2) = (5-10)*10-8 mol/mol 
Required concentration to explain the excess = 60-120 ppb


