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The LZ collaboration is operating a TPC with
7 tonnes of LXe in its active region (10 tonnes LXe
in the full detector) [95] at the Sanford Underground
Research Facility (SURF), South Dakota, USA. The
detector features a segmented-polytetrafluoroethylene
(PTFE) field cage capped by woven electrode grids,
with optical readout by two arrays of 3-inch Hama-
matsu R11410-22 photomultiplier tubes (PMTs). The
LXe-TPC is housed in a titanium cryostat. The thin
layer of LXe (⇠2 tonnes) between the TPC and the in-
ner cryostat vessel, often referred to as LXe Skin, is
instrumented with scintillation readout to function as
a veto detector. The cryostat is surrounded by an Outer
Detector containing 17 tonnes of Gd-loaded liquid scin-
tillator in acrylic vessels, viewed by 120 8-inch PMTs.
Both detector systems are immersed in a water tank
with a 7.6m diameter. Xenon cooling and purification
are done separately; cold LXe is fed to a pipe mani-
fold at the bottom of the detector; liquid is extracted
from a weir system at the top and converted to gas
for purification. Krypton removal was conducted us-
ing gas chromatography before deployment. LZ pub-
lished world-leading results from its first science run in
2022 [29].

The XENONnT collaboration is operating a TPC
with 5.9-tonnes of LXe in the active region (8.5 tonnes
LXe in the full detector) [97] at the INFN Laboratori
Nazionali del Gran Sasso (LNGS), Italy. It is the up-
grade of XENON1T [98], the first LXe-TPC with a tar-
get above the tonne scale, which was operated at LNGS
from 2016-2018. XENONnT features a lightweight TPC
made of thin PTFE walls, two concentric sets of field-
shaping electrodes, and high-transparency electrode
grids made of individual parallel wires. Two arrays of
Hamamatsu R11410-21 PMTs provide the optical read-
out. Although the LXe Skin concept was pioneered by
XENON100 [99], it was not installed in XENON1T/nT
to minimize backgrounds due to radon emanation from
PTFE and maximize the active target. The TPC is
housed in a stainless steel cryostat, placed in the center
of a 9.6m diameter water shield operated as Cherenkov
muon veto. The neutron veto has an inner volume of
33m3 around the cryostat, defined by highly-reflective
PTFE walls and instrumented with 120 8-inch PMTs:
after the first runs with demineralized water, Gd has
been added to the shield to increase the neutron tagging
e�ciency. A diving bell controls the LXe level inside the
TPC. For purification, LXe is extracted from the bot-
tom of the cryostat and e�ciently purified in the liquid
phase [100]; an additional gas purification system cleans
the warmer gas phase. Krypton removal is done via a
cryogenic distillation column [101] installed on-site, al-
lowing for online distillation. A second cryogenic distil-

lation system constantly removes radon atoms from the
liquid and gaseous xenon target [102]. XENONnT pub-
lished results for a search for new physics with a world-
leading electronic recoil background level in 2022 [103]
and for a first WIMP search in 2023 [11].

Although the two experiments may appear simi-
lar, very di↵erent implementations have been adopted
for most subsystems, with some di↵erences highlighted
above. These proven alternative implementations, al-
ready demonstrated at the multi-tonne scale in world-
leading dark matter detectors, constitute a powerful
tool for risk management. In each case, there are two
solutions to choose from, and their performance is thor-
oughly evaluated in real dark matter search conditions.
Adding this diversity of options to the long track record
of this technology, it may be argued that the next step
to the XLZD detector entails only modest technical risk
– and although the proposed ⇠10-fold mass scale-up is
significant, the increase in linear dimensions is relatively
modest (factor ⇠2).

Fig. 7: The XLZD nominal system features a LXe-TPC with
a 1:1 aspect ratio for 60 tonnes of active mass (2.98 m in
diameter and height) housed in a double-walled cryostat.

3.2 XLZD Detector: Strategy and Xenon Acquisition

The nominal XLZD detector features a dual-phase LXe-
TPC with around 3m inner diameter and height, con-
taining 60 tonnes of active mass as depicted in Fig. 7.

The XENON project
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• XENON experiment: Rare event search experiment using liquid xenon detector 
• Dark matter, solar neutrinos, neutrino-less double beta decay,…  
• Currently, XENONnT experiment is ongoing at LNGS, Italy
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The XENON Project + DARWIN

XENON10 XENON100 XENON1T XENONnT

Years 2005 - 2007 2008 - 2016 2012 - 2018 2019 - now
Total Xe mass 25 kg 161 kg 3200 kg 8600 kg

WIMPs sensitivity ~10-43 cm2 ~10-45 cm2 ~10-47 cm2 ~10-48 cm2

XENON experiments
• The (main) target of XENON project: Direct detection of dark matter 

• WIMPs, ALPs, … 

• Other physics targets: Solar axions, neutrino physics, …

Years 2005 - 2007 2008 - 2016 2012 - 2018 2019 - NOW mid 2030s - 
Total Xe mass 25 kg 161 kg 3200 kg 8500 kg 60 - 100 t

WIMPs 
sensitivity

~10-43  cm2 ~10-45  cm2 ~10-47  cm2 ~10-48  cm2 ~10-49  cm2
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Liquid Xenon Time Projection Chamber
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XENON experiments: liquid xenon TPC
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Two-phase Xe Time Projection Chamber as WIMP detector

APS April Meeting — Denver, Colorado — April 13-16, 2019 3

• Particle interactions in LXe lead to primary 
scintillation (S1) and the release of ionization 
electrons

• Ionization electrons drift towards the liquid-
gas interface under the uniform electric field, 
get extracted and accelerate in the GXe, 
producing secondary scintillation (S2), whose 
magnitude is proportional to the number of 
extracted electrons

• Electron lifetime is used to characterize the 
absorption of the ionization electrons drifting 
in LXe by electronegative impurities (mainly 
oxygen):

Qf = Qie− td
τe ⇒ τe = td

−ln(Qf /Qi)
• S2/S1 depends on the type of interaction 

• Electronic recoils: Gamma, Beta, Axion… 

• Nuclear recoils: Neutron, WIMPs… 

• ER has larger S2 than NR events: BG rejection 

• Very high sensitivity for WIMPs

• DM and BG particles generate signal in LXe: 

• S1: Scintillation photons 

• S2: Ionization electrons

• Dual phase detector: LXe and GXe 
• Particles generate signals in LXe 
• S1 signal: Scintillation photon 
• S2 signal: Ionization electrons 

• S1/S2 depends on the type of interaction 
• Electronic recoils: lowE-ν, γ ray, β ray, … 
• Nuclear recoils: WIMPs, Neutron,…
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ted by detector materials [8]. The length of the veto
window was set to 250 µs with a 5-fold PMT coincidence
and a 5PE event area threshold in the NV. This gives a
neutron tagging e!ciency of (53 ± 3)%, and a livetime
reduction of 1.6%.

The ER response model is calibrated with 2051 212Pb
ω events from a 220Rn calibration source [29], before
SR0 and with events from an 37Ar source [30] collected
after SR0, as discussed in [13]. NR and ER calibra-
tion datasets were fitted using the LXe response model
and fast detector simulation described in [31]. For both
datasets, a Markov-Chain Monte Carlo (MCMC) sam-
pling of the parameter space gives the best-fit point
and posterior distribution. The goodness-of-fit (GOF)
was assessed by partitioning the cS1, cS2 space into
equiprobable bins according to both best-fit models and
then computing a Poisson ω2 likelihood, as well as one-
dimensional projections on cS2. Neither tests reject the
best-fit model, with two-dimensional p-values of 0.18 and
0.39 for ER and NR, respectively, and no significant p-
values for the one-dimensional projections. The calibra-
tion data and contours of the best-fit model are shown
in Figure 1. The leakage fraction of the 220Rn ER events
below the NR median is 1.1+0.2

→0.3 %.
The full ER model has too many parameters to be

tractable in the inference toy MC simulations. Using
linear combinations of the original parameters identified
with a principal component analysis reduces parameter
redundancies, and these parameter directions are then
ranked according to their impact on the background ex-
pectation in a signal-like region in cS1 and cS2. The two
parameters with the highest impact are included as nui-
sance parameters in the ER model used in the WIMP
search likelihood.

The ROI is defined by cS1 between 0PE and 100PE
and cS2 between 126PE and 12 589PE. Together with
detection and selection e!ciencies, this gives an energy
range with at least 10% total e!ciency from 3.3 keVNR-
60.5 keVNR. All events reconstructed with an ER energy
below 20 keVER and found in the cS1 and cS2 contours
of the ER and NR band were blinded. For the study
of the ER data presented in [13] all events above the
→2ε quantile of the ER band or with a reconstructed
ER energy larger than 10 keVER were unblinded. The
remaining region was unblinded only after finalizing the
analysis procedure presented here.

The event selection criteria from [18] were optimized
for the ROI in this analysis. Data quality cuts are ap-
plied in order to include only well-reconstructed events
and to suppress backgrounds. All cuts were optimized
based on calibration data and simulations using WFSim.
Each valid event is required to have a valid S1-S2 pair.
Events tagged by the MV or NV are removed from the
data selection as are multiple-scatter (MS) events since
WIMPs are expected to induce only single-scatter (SS)
NRs. The MV uses a veto window of 1ms with a 5-fold

FIG. 1. NR and ER calibration data from 241AmBe (orange),
220Rn (blue) and 37Ar (black). The median and the ±2ω
contours of the NR and ER model are shown in blue and red
respectively. The gray dash-dotted contour lines show the
reconstructed NR energy (keVNR). Only not shaded events
up to a cS1 of 100PE are considered in the response model
fits.

PMT coincidence and a 10PE MV event area threshold.
A dedicated cut similar to that in [32] using a gradient

boosted decision tree (GBDT) was developed to reduce
the background due to randomly paired S1-S2 signals
called accidental coincidences (ACs). This cut uses S2
area and shape, as well as interaction depth, and reduces
the AC background by 65% at 95% signal acceptance.
Due to an insu!cient model of the S2 pulse shape near
the transverse wires, caused by local variations of the
drift and extraction field with respect to the rest of the
TPC, an optimization of the GBDT and other S2 shape-
based cuts was not possible with WFSim. Consequently,
the LXe target is split into two parts in the modeling for
the WIMP search. A less strict data-driven model for
the S2 width cut and no GBDT selection is used in an
8.9 cm wide band around the transverse wires, leading
to a lower signal-to-background ratio, but with a 10%
higher selection e!ciency. The total selection e!ciency
for these “near”- and “far”-wire regions is estimated fol-
lowing the procedure in [18, 25]. E!ciency losses due
to the event building are also taken into account in the
selection e!ciency.
The detection e!ciency of the TPC, dominated by the

S1 detection e!ciency, is evaluated using WFSim and
validated with a data-driven method [31, 33]. Both meth-
ods agree within 1%. E!ciency losses at small energies
are dominated by the 3-fold PMT coincidence require-
ment. The upper cS1 ROI edge, chosen to include the full
WIMP spectrum, determines the upper edge of this anal-
ysis. The combined selection e!ciency of the near and
far wire regions, the detection and the total e!ciencies
of the analysis are shown together with the normalized

ER-like

NR-like



XENONnT detector
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The XENONnT• The XENONnT detector is located at Laboratori Nazionali del Gran Sasso (LNGS), Italy 
• Underground area: suppress muon background

• XENONnT TPC 

• Diameter=1.3m, 
Height=1.5m 

• Full/Active: 8.6 / 5.9t 

• ~x3 larger than XENON1T 

• Low energy ER BG: 1/6 of 
XENON1T 

• Target: 222Rn 1uBq/kg

XENONnT TPC

9

~1.5m

~1.3m



Recent results from XENONnT
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• Main focus of this talk:


• Measurement of Low energy solar neutrinos in keV scale 

• Also analysis for a lot of other physics are ongoing:


• 8B solar neutrino via CEvNS + search for Low-mass WIMPs


• Search for Heavy WIMPs


• Search for Magnetic Inelastic DM


…  and more!

PRL. 137, 091807

ArXiV: 2608.15149

PRL, 133 191002

ArXiV: 2608.29450

http://arxiv.org/abs/2608.15149


Measuring solar-pp neutrinos in XENONnT
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Solar neutrino measurements in XENONnT
• Measurement of solar neutrinos: one of 
the main target for XENONnT 

• Ultra-low radioactive BG 

• Low threshold 

• Ton-scale mass 

• Multiple channels for solar neutrino 
measurement: 

1. keV scale: via the electronic recoil 
• pp + 7Be 
2. MeV scale: via the nuclear recoil 
• 8B, hep, …
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Electronic recoil



• Measurement via the electronic 
recoil events: 

• Sensitive for low energy neutrino 
(pp, 7Be) 

• Advantage of XENON: lower threshold 

• XENON detector: ~1keVee 

• Corresponds to ~17keV neutrino 

9

Electronic recoil

Measuring solar-pp neutrinos in XENONnT
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Analysis for XENONnT initial data (SR0, 2022) 
XENONnT SR0 data• Right:  first science run by XENONnT (SR0) 

• Good agreement between Data and BG 

• Main target for the analysis: peak-like 
signals 

• “XENON1T Excess”:  ex. solar-axions 

• => solar-nu signal was calculated by 
Borexino’s result 

• To search for the solar-nu signal, precise 
understanding of other BG is essential 

• Radon-induced 214Pb, 85Kr, γ-rays,…

(Calculation)
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• Radon-induced 214Pb: largest BG component 
• Reduced by Radon distillation system 
• β decay of 214Pb creates BG events 
• 222Rn can be counted using α decay; but 
daughters cannot. 

• Ex. in SR0: 
• 1.7 (222Rn) > 214Pb > 0.78 (214Po) [uBq/kg] 
• To search for solar-nu signal, we need to 
reduce the uncertainty down to ~5% level!

214Pb  background

12

222Rn 
3.8d

218Po 
3.1m

214Pb 
27.1m

214Po 
164us

210Pb 
22.2y

214Bi 
19.9m

α

α α

β (+γ)

β (+γ)

U-chain after 222Rn 
(Only Main branch)



• Result of the 222Rn calibration 
• [Rate of α] vs [Rate of ER (10-70keV)] 

• 214Pb  222Rn：  

• a: Ratio between 222Rn and 214Pb 
• b: BG other than 214Pb 
• ε (calc):correction by branching ratio, 
efficiency etc

∝ ϵRPb = a ⋅ RRn + b

214Pb  background
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F. Jörg, G. Eurin, H. Simgen, Appl. 
Radiat. Isot. 194, 110666 (2023)

• Translating 214Pb rate from 222Rn is not one-to-one due to 
detector effects

• Utilizing the 222Rn calibration sample (stainless steel 
implanted with 226Ra)

• Precise estimation of 214Pb/222Rn ratio

• Total uncertainty for 214Pb rate: < 𝟓%

222Rn
Sample

25/39

214Pb Background



• Fit result: 
• a= 0.66 +/- 0.03 [Bq/Bq] 
• Note: 
• 1 Bq of 222Rn <=> 0.66 Bq of 214Pb 
• Uncertainty reduced to ~4.5% level  
• (i.e. ~40% for previous analysis) 

• Estimated specific activity of 214Pb 
• 1.39 ± 0.07 [uBq/kg] for SR0 
• 0.76 ± 0.03 [uBq/kg] for SR1b

214Pb  background
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F. Jörg, G. Eurin, H. Simgen, Appl. 
Radiat. Isot. 194, 110666 (2023)

• Translating 214Pb rate from 222Rn is not one-to-one due to 
detector effects
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implanted with 226Ra)

• Precise estimation of 214Pb/222Rn ratio
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222Rn
Sample

25/39

214Pb Background



Kr-induced background
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Krypton
T1/2 ~ 10.7y

5.5 m

E. Aprile et al. 
(XENON Collab.), 

Eur. Phys. J. C. 77, 
275 (2017) 

Krypton 
Distillation 

Column

Krypton Distillation

Need High 
Separation 

Power

Xenon

21/39

• Other major BG：Kr-induced β 
• Kr-induced β 
• β decay of 85Kr (Q=687keV)  
• Removed by our own distillation (<0.1ppt for Kr) 
• Mass spectrum analysis for sampled gas 
• Confirmed by analytical estimation using rare decay 
mode of 85Kr 

• Estimated concentration of Kr (ppq: 10-15) 
• 82 ± 23 [ppq] for SR0 
• 170 ± 70 [ppq] for SR1 
• Converted to Kr85 activity with its abundance



Kr-induced background
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Jingqiang Ye (CUHK-Shenzhen) September 1st, 2026PPC 2026

Kr85 background - constraint
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• Natural Kr measurement using rare gas mass spectrometer (RGMS) + Kr-85/nat Kr abundance
• Conservative uncertainty from two fit modes
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Background model
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Jingqiang Ye (CUHK-Shenzhen) September 1st, 2026PPC 2026

Background summary
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Pb-214

Xe-136 2νββ
Xe-124 
2 ECECν

Kr-85

SR1b expectation



Fit result

18

p-value Pearson χ2 of 0.43Fit Result

Likelihood ratio test to determine solar neutrino significance
H0: Absence of solar neutrinos (Background-only)

H1: Presence of solar neutrinos (Signal + Background)

SIGNAL SIGNIFICANCE

33/39

Solar 𝝂

Solar 𝝂

𝟐𝟗𝟓

𝟐𝟖𝟕

𝟓𝟎𝟎 ± 𝟕𝟎

𝟔𝟔𝟎 ± 𝟗𝟎



Fit result
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Uncertainty budget 
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Solar 𝝂

Solar 𝝂

𝟐𝟗𝟓

𝟐𝟖𝟕

𝟓𝟎𝟎 ± 𝟕𝟎

𝟔𝟔𝟎 ± 𝟗𝟎

• The best-fit profile likelihood yields a 14% 
uncertainty on the solar neutrino signal

• Non-rate systematic parameters introduce 
an additional 14% systematic uncertainty

Solar pp flux of 10.2 ± 2.0 × 1010 cm−2 s−1

H0 rejected at 5.0 σ
Consistent with the Borexino measurement within 1.9 σ

CONCLUSION IN A NUTSHEEL

Total Uncertainty Budget

35/39• Uncertainty from profile-
likelihood: 14% 

• Non-rate systematic 
parameters introduces 
additional 14% systematic 
uncertainty
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Fit result
Fixing cross-section and 

Pee → flux estimate

H0 rejected at 5.0 σ

Fit Result

34/39

Solar 𝝂

Solar 𝝂

𝟐𝟗𝟓

𝟐𝟖𝟕

𝟓𝟎𝟎 ± 𝟕𝟎

𝟔𝟔𝟎 ± 𝟗𝟎

• Best fit flux for pp component:  
• (10.2 ± 2.0)×1010 [cm-2 s-1] 
• Ratio between the pp and 7Be 
are fixed 

• Note that PandaX-4T’s recent 
pre-print shows                        
(8.5 ± 3.5) × 1010 cm-2 s-1 

• Measured pp flux is consistent with 
Borexino result at 1.9σ 

• Reject null-hypothesis by 5.0σ



Summary
Fixing cross-section and 

Pee → flux estimate

H0 rejected at 5.0 σ

Fit Result

34/39

Solar 𝝂

Solar 𝝂

𝟐𝟗𝟓

𝟐𝟖𝟕

𝟓𝟎𝟎 ± 𝟕𝟎

𝟔𝟔𝟎 ± 𝟗𝟎

•XENONnT experiment: large-scale liquid xenon 
experiment for DM/neutrino/axion/… 
•Measurement of solar neutrinos in XENON: 
•MeV-scale (8B) … via CEvNS NR process 
•PRL. 137, 091807 
•keV-scale (pp + 7Be) … via ER process 
•Very recently released: (ArXiv: 2608.29450) 
•Reduction of uncertainty for Rn-induced BG to 5% 
•Final result: (10.2 ± 2.0)×1010 [cm-2 s-1] 
•Reject null-hypothesis by 5.0σ 

•The detector is being upgraded with new electrode, 
and the analysis for other physics channels are ongoing. 
Stay tuned!

Fixing cross-section and 
Pee → flux estimate

H0 rejected at 5.0 σ

Fit Result

34/39

Solar 𝝂

Solar 𝝂

𝟐𝟗𝟓

𝟐𝟖𝟕

𝟓𝟎𝟎 ± 𝟕𝟎

𝟔𝟔𝟎 ± 𝟗𝟎



Back Up



Exposure

•Exposure: 
•SR0: 0.26 [year] × 4.37 [ton]  
•SR1: 0.51 [year] × 4.00 [ton] 
•Between SR0 and SR1, radon 
removal system was upgraded: 
• 1.8 -> 0.9 [uBq/kg]

24

SR0: ~ 96 days SR1(b): ~ 118 days
ROI: [1, 140] keV

Optimized base on material radioactivity
SR0 (SR1): ~ 4.13 (4.24) tons

Science Data

29/39



Exposure
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SR0: ~ 96 days SR1(b): ~ 118 days
ROI: [1, 140] keV
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SR0 (SR1): ~ 4.13 (4.24) tons

Science Data

29/39



Signal efficiency
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Signal and Event Reconstruction

Determines how well we:
• Reconstruct individual S1 and S2 

signals
• Pair S1-S2 signals to physical events
• Achieve 1 keV (~10 % efficiency) low-

energy threshold

Selection criteria

Determines how well we:
• Select physical data
• Reject unphysical and improperly 

reconstructed events
• Fairly flat (~80% efficiency) in the ROI

Data Selection

30/39



Energy Calibration

E = (nph + ne) ⋅ W = (
cS1
g1

+
cS2
g2

) ⋅ 13.7(eV)

• g1 and g2: detector-specific gain constant 

• Extracted from calibration data 

• Using g1 and g2, reconstruct energy of each event

27

Qy = −
g2
g1

⋅ Ly +
g2
W

(Qy = cS2/E, Ly = cS1/E)

• cS1, cS2; “corrected” the detector uniformity



The XENONnT
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The XENONnT
• Detector located at Gran Sasso Laboratories, 

Italy 

• Underground space to suppress muons 

• 1500 m of rock ~ 3600 m.w.e.  

• ~10-6 of surface muon flux 

• The XENONnT detector is located at Laboratori 
Nazionali del Gran Sasso (LNGS), Italy 

• Underground area: suppress muon background 

• 1500 m of rock ~ 3600 m.w.e 

• Suppress muon flux to 10-6 of surface area



The XENONnT
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The XENONnT
Larger TPC


with 3x 
active 

volume

Gd-loaded 
water 

Cherenkov 
neutron 

veto

Radon 
distillation 

column

Liquid xenon 
purification

Nagoya/JP group contributions



LXe Purification
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•Liquid purification system 
•Direct liquid circulation with 
cryogenic pump 
•Speed: ~2 LPM with liquid 
•~x500 of XENON1T system  

•Real-time purity measurement with 
purity monitor



XENON Collaboration
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>150 scientists,  29institutions from 12 countries



Heat exchanger

GXe 
pump

GXe line

LXe line

Metal 

getter

• 222Rn calibration:  
• Compare [β from 214Pb] vs [α from 222Rn] 

• Place the source in the GXe circulation system, 
and diffuse 222Rn into the detector 
• Source: 226Ra implanted SUS (~2Bq, made by 
MPIK[1]) 
• 222Rn α：~150 higher than normal run 
• Can be removed by distillation after the 
calibration

[1] F. Joerg, et al., Applied Radiation and Isotopes, 194, 110666 (2023)

Radon-induced background

32
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Heat exchanger

GXe 
pump

GXe line

LXe line

Metal 

getter

Radon-induced background
• 222Rn calibration:  
• Compare [β from 214Pb] vs [α from 222Rn] 

• Place the source in the GXe circulation system, 
and diffuse 222Rn into the detector 
• Source: 226Ra implanted SUS (~2Bq, made by 
MPIK[1]) 
• 222Rn α：~150 higher than normal run 
• Can be removed by distillation after the 
calibration

[1] F. Joerg, et al., Applied Radiation and Isotopes, 194, 110666 (2023)
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Heat exchanger

GXe 
pump

GXe line

LXe line

Metal 

getter

1 Introduction and motivation

The naturally occurring, radioactive noble gas 222Rn is part of the primordial uranium
decay chain and formed in the alpha decay of 226Ra. Its measurement has many applications
ranging from radioprotection [1] over modeling of green house gas emissions [2] to prediction
of seismic events [3]. But also in experiments searching for extremely rare processes, such
as the direct detection of dark matter [4, 5] or the neutrinoless double beta decay [6], the
radon-induced background plays an important role.

The calibration of radon detectors, requires radon sources featuring a well known radon
release rate. Their radon emanation should not depend on any environmental factors,
such as temperature or pressure, nor should they out-gas any unwanted impurities. Most
commercial radon sources, however, are either liquid radium solutions or porous materials
from which 222Rn is released via diffusion. Both have significant shortcomings with
regard to their purity and stability, opening the need for new kinds of radon sources.

2 cm

2 c
m

Figure 1: Photograph of the stainless steel
sample. The approximate extend of the 226Ra
implantation is marked in red.

In a proof-of-principle study conducted
in 2017, two radon sources have
been successfully produced by the
implantation of 226Ra into stainless steel
at the ISOLDE facility (see Fig. 1). Their
thorough characterization [7] showed that
this novel approach allows to produce
radon standards with a very high
quality. Another recent study carried
out independently at the RISIKO facility
in Mainz, Germany [8], supports this
conclusion.

The two obtained sources have been
successfully applied for several studies
such as for the characterization of alpha
spectrometers [9, 10], determination of the detection efficiency of novel radon detectors [11]
as well as for studies on a novel radon mitigation technique using metallic surface
coatings [12]. One source is considered to be used for the calibration of the radon-induced
background in the XENONnT [13] dark matter detector.

To meet the existing demand and interest in these versatile radon sources, we propose to
implant twenty further samples with 226Ra. The substrates to be implanted will be mostly
stainless steel, but also other metal plates (copper and titanium). Optionally, we are
interested to implant a few insulator samples (PTFE and quartz glass) or semiconductors
(silicon and germanium). The exact list of samples will be fixed as soon as the feasibility is
clarified with the ISOLDE experts. Section 2 of this proposal summarizes the main results
and experiences gained in the proof-of-principle study. Based on these findings, a detailed
beam-time estimate for the proposed production is then given in section 3.

2

Radon-induced background
• 222Rn calibration:  
• Compare [β from 214Pb] vs [α from 222Rn] 

• Place the source in the GXe circulation system, 
and diffuse 222Rn into the detector 
• Source: 226Ra implanted SUS (~2Bq, made by 
MPIK[1]) 
• 222Rn α：~150 higher than normal run 
• Can be removed by distillation after the 
calibration

[1] F. Joerg, et al., Applied Radiation and Isotopes, 194, 110666 (2023)
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• Other BG：Material γ and Kr-induced 
• Material γ 
• Low energy compton scattering induced by γ from 
detector materials 
• Reduced by fiducial cut, estimation by simulation  
• Kr-induced 
• β decay of 85Kr (Q=687keV)  
• Removed by our own distillation (<0.1ppt for Kr) 
• Mass spectrum analysis for sampled gas 
• Also, analytical estimation using rare decay mode of 85Kr



Other backgrounds
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Jingqiang Ye (CUHK-Shenzhen) August 26th, 2025TAUP 2025

Fiducial volume

15

• The fiducial volumen (FV) for this search is largely driven by 
material backgrounds.

• SR0 and SR1 FV share similar shapes, with the mass as follows:
‣ SR0: (4.13 +- 0.12) tonne
‣ SR1: (4.24 +- 0.23) tonne 

‣ SR0 and SR1 have different ways to account for the charge-
insensitive volume, which makes SR0 FV look ‘larger’.
‣ SR0: indirectly in FV mass calculation (about 4% decrease)
‣ SR1: directly in position correction

• Other BG：Material γ and Kr-induced 
• Material γ 
• Low energy compton scattering induced by γ from 
detector materials 
• Reduced by fiducial cut, estimation by simulation  
• Kr-induced 
• β decay of 85Kr (Q=687keV)  
• Removed by our own distillation (<0.1ppt for Kr) 
• Mass spectrum analysis for sampled gas 
• Also, analytical estimation using rare decay mode of 85Kr



Other backgrounds
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212Pb 𝜷 decay

Background rate roughly 1/10 of 214Pb

Utilizing 220Rn calibration

• 220Rn and 216Po short half-life => not reaching equilibrium
• Full difference equation modeling required 
• Conservative systematic uncertainty: ≈ 𝟐𝟎%

S. Bruenner et al., Eur. Phys. J. C. 
81, 343 (2021)

220Rn Tracking and 212Pb Background
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• Low-E neutrino physics 

• Measurement for νe survival probability (Pe-e) 

• Measurement for the Weinberg angle  

• Search for exotic neutrino interactions (ex. 
Magnetic moment) 

• Goal for XENONnT: Demonstration with 3σ  

• Measurement with few % precision expected in 
future experiment

9
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Fig. 4: The ⌫e survival probability versus neutrino
energy, assuming the high-Z Solar Standard Model
(SSM). The blue dots represent the solar measure-
ments from Borexino (above an energy threshold of
190 keV) [57,58]. The green (purple) point shows a mea-
surement of 7Be (8B) from KamLAND (SNO) [59, 60].
The red point indicates that XLZD, with 600 t·y ex-
posure, could enhance the precision of the ⌫e survival
probability in the low energy region to ⇠ 5%, using so-
lar pp neutrino events. The point is set at the mean
neutrino energy and the range bars in x indicate the
full energy range (5.1 keV to 420 keV) accessible with
XLZD for this measurement. The grey band represents
the 1� prediction of the MSW-LMA solution [61].

ligible level compared to the detector material-induced
�-ray flux.

As shown on the right of Fig. 3, after an initial es-
sentially background-free period, XLZD becomes back-
ground limited, with the uniform backgrounds (dom-
inated by solar 8B neutrinos) and the external �-ray
backgrounds having similar contributions in the opti-
mized fiducial volumes. Running the detector twice as
long (20 years) would result in a 50% higher half-life
sensitivity. The 0⌫�� science reach is primarily deter-
mined by the instrumented target mass, and within
the sensitivity range bands, the reduction of the ex-
ternal background by improved material selection has
the strongest impact on the achievable sensitivity. Par-
tial enrichment in 136Xe could be deployed at a future
stage to confirm at 3� level a putative signal in XLZD
or another experiment.

2.3 Astrophysical Neutrinos

The XLZD detector is a prime observatory for low-
energy, MeV-scale, astrophysical neutrinos through nu-
clear and electronic recoil signatures of a few keV of en-
ergy. Primarily, several solar neutrino flux components

can be measured. Current generation experiments have
measured first solar neutrinos through coherent elas-
tic neutrino-nucleus scattering (CE⌫NS) of 8B neutri-
nos [62–64]. In such a channel, the XLZD detector ex-
pects an event rate of ⇠ 90 events/t/y above a nuclear
recoil energy threshold of 1 keVnr [55,65], providing an
independent measurement of the solar 8B neutrino flux.
Similar to WIMP-nucleus scattering, neutrino-nucleus
scattering can also be treated consistently in E↵ective
Field Theories of the SM [66]. In addition, by com-
bining this measurement with neutrino-electron scat-
tering data from other neutrino detectors, XLZD aims
to constrain the ⌫e survival probability in this energy
range. The most critical background for this measure-
ment comes from accidental coincidences (ACs), spuri-
ous events created by the incorrect pairing of detector
signals, detailed in Section 5.4.

As for ER signals from solar neutrinos, XLZD aims
to measure the pp solar neutrino spectrum via neutrino-
electron scattering, improving the measurement of the
neutrino luminosity of the Sun [55,67,68]. Furthermore,
a high-statistics measurement of the solar pp neutrino
flux in the XLZD detector will enable a direct measure-
ment of the oscillation probability of the electron-type
neutrinos emitted from the Sun in an energy range that
is not accessible to any other experiment, as well as
an independent measurement of the weak mixing angle
sin2 (✓W ). Fig. 4 shows that with an exposure of 600 t·y
XLZD will constrain the low-energy survival probabil-
ity to ⇠ 5%. Such a measurement would test mod-
els of neutrino oscillations and probe exotic neutrino
properties and non-standard interactions. The results
in Fig. 4 were obtained considering a 222Rn concentra-
tion of 0.1µBq/kg, which is the main background for a
pp-neutrino measurement. The XLZD detector’s antic-
ipated low-energy threshold, exposure, and energy res-
olution would also enable splitting the data into four
bins for several measurements of the survival proba-
bility in narrower energy ranges. These measurements
would achieve uncertainties comparable to the current
best measurements, while extending to lower neutrino
energies.

Galactic supernova neutrinos may also be detected
in the XLZD detector through CE⌫NS. In contrast
to other neutrino detectors, such detection is flavor-
independent and allows the reconstruction of the to-
tal neutrino flux. A Type II core-collapse supernova
at a distance of 10 kpc from the Earth would pro-
duce of O(100) events in the detector within a 10 sec-
ond window. As a result, XLZD can detect a super-
nova burst with 5� significance beyond the edge of the
Milky Way and the Large Magellanic Cloud [69]. In
this regard, XLZD will be able to actively contribute
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Fig. 2 The measured relative uncertainty of each solar neutrino compo-
nent and neutrino capture as a function of exposure. The median fluxes
of the high-Z model are assumed. Solid (dashed) curves correspond to
a natural (depleted) target. A log scale of the pp and 7Be components is
shown in the bottom panel for clarity.

the pep component and neutrino capture process with 60 ty
and 200 ty, respectively, using a necessarily depleted target.

The solar luminosity inferred from solar neutrino data,
L�,n/L� = 1.04+0.07

�0.08, agrees with the measured (photon-
inferred) solar luminosity within 7% [32]. The pp reaction
contributes most strongly to the total energy generation in
the Sun. Thus, high-precision measurements of the pp and
7Be components, which respectively comprise 92% and 7.4%
of the solar lumonisity, would reduce this uncertainty. With
the precision levels shown here, DARWIN would achieve an
uncertainty of 0.2% on the neutrino-inferred solar luminosity.

5 Electroweak and Oscillation Parameters

Following a precise measurement of the pp component, one
may infer the values of the electroweak mixing angle and the
ne survival probability, as they directly affect the shape of
its observed recoil spectrum. A likelihood function in which
the electroweak and oscillation parameters are free to vary,
while the flux scales (see Table 1) remain fixed, is adopted:

P(n j|µ j(q)) = L (q). (6)

Fig. 3 (top) The 68% confidence regions of sin2 qw and Pee for two
exposures and the two target compositions. (bottom) The ne survival
probability versus neutrino energy under the high-Z SSM. Dots repre-
sent the solar measurements of pp (green), 7Be (blue), pep (orange),
and 8B (red) from Borexino [19, 22]. The upward (downward) triangle
shows a measurement of 7Be (8B) from KamLAND (SNO) [24, 25].
The open point indicates DARWIN’s projected enhancement of the
precision of the ne survival probability to 0.02 below 420 keV using pp

events. The pink band represents the 1s prediction of the MSW-LMA
solution [51].

The presence of 7Be neutrinos only slightly worsens the
sensitivity to these parameters, while the other neutrino com-
ponents have a negligible effect. The uncertainty in the pp

flux contributes negligibly to the total uncertainty of sin2 qw

and Pee.

One finds the maximum likelihood estimators of sin2 qw

and Pee in a series of toy experiments. From the resultant
2D distribution, the 68% confidence regions are determined,
as shown in Figure 3 (top), for four scenarios based on two
exposures (30 and 300 ty) and two target compositions.

In the case of a natural target, DARWIN would recon-
struct sin2 qw and Pee with uncertainties as small as 0.0122
(5.1%) and 0.022 (4.0%), respectively. Alternatively, with
a depleted target, the uncertainties would shrink to 0.0099
(4.2%) and 0.017 (3.1%). A measurement of sin2 qw would
be the first in this energy range, albeit with an uncertainty
roughly five times higher than those at higher energies. A
measurement of Pee would improve upon the existing one
from Borexino by an order of magnitude. This projection is

Ref: XLZD design book

Ref: DARWIN solarnu paper

Measurement for the pp neutrino

38
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Analysis for XENONnT initial data (SR0) 
XENONnT SR0 data• Right:  first science run by XENONnT (SR0) 

• Good agreement between Data and BG 

• Main target for the analysis: peak-like 
signals 

• “XENON1T Excess”:  ex. solar-axions 

• => solar-nu signal was calculated by 
Borexino’s result 

• To search for the solar-nu signal, precise 
understanding of other BG is essential 

• Radon-induced 214Pb, 85Kr, γ-rays,…



Detector upgrade

Figure 6: Projections of the XENONnT sensitivity and discovery power in the search for spin-
independent WIMP-nucleon couplings. (Left) Median 90% CL exclusion limit (black solid line) for
a 20 t y exposure, with the 1� (green) and 2� (yellow) bands. The current strongest exclusion limit,
obtained with XENON1T [3], is shown in blue. The gray dashed-dotted line represents the discovery
limit of an idealized LXe-based experiment with CE⌫NS as unique background source and a 1000 t y
exposure [70]. The improvement of the discovery potential with increasing exposure below that line
would be significantly slowed down by the atmospheric neutrino background. (Right) Sensitivity as
a function of exposure, for the search of a 50GeV/c2 WIMP in the assumed 4 t fiducial mass. The
dashed (dotted) black lines in both panels indicate the smallest cross-sections at which the experiment
would have a 50% chance of observing an excess with significance greater than 3� (5�). A two-sided
profile construction is used to compute the confidence intervals.

atmospheric neutrinos and DSN (44%), due to the impact of the neutron-X population. A fraction of
71% of the CE⌫NS PDF from solar neutrinos falls inside the reference signal region, even though it is
confined to very small cS1 and cS2b signals. Numbers in this portion of the observable space can only
give an indication of performance, but are useful for comparison with other detectors. The sensitivity
study presented below does not use any ER discrimination cut or specific signal region selection, but
it is based on the profile likelihood analysis in the full (cS1, cS2b) observable ROI.

The neutron and CE⌫NS background rates are primarily constrained by ancillary measurements,
as discussed in section 4.3, and likelihood terms are included to account for the relative uncertainties
reported in table 4. On the other hand, even a short first run of XENONnT will constrain the ER
rate better than the 10% prediction uncertainty, therefore we do not include a related term in the
likelihood. Systematic uncertainties on the detector response to NRs primarily impact the search for
low-mass WIMPs. However, such uncertainties were sub-dominant in the XENON1T WIMP search
results and we therefore neglect them in this work.

5.2 Statistical model
The likelihood-based statistical modeling of the experiment uses an extended unbinned likelihood, L,
with PDFs in x = (cS1, cS2b):

L(�DM,✓) =Pois(N | µtot(�DM,✓)) ·
NY

i=1

"
X

c

µc(�DM,✓)

µtot(�DM,✓)
· fc(xi|✓)

#
· Lanc(✓) , (5.1)

where µtot(�,✓) ⌘
P

c µc(�,✓) and the ancillary term Lanc is defined as

Lanc(✓) ⌘
Y

k

Gaus(µ̂k| µk, ⇠k) , (5.2)
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XENONnT (Now)

~2030

• The data taking was stopped at Apr 2025 
and stated to upgrade 

• In previous detector, there was an issue at 
the electrode 

• Shortage of cathode electrode and 
bottom screen electrode 

• After replacing problematic electrodes and 
some PMTs, currently the detector is being 
commissioned 

• Expecting ~x10 better ER/NR 
discrimination with new electrodes


