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Fig. 2: Left: Projected 90% C.L. upper limits on the spin-independent WIMP-nucleon cross section for 200 and 1000 tonne-
year (t·y) exposures of the XLZD detector, along with current upper limits [10–12, 43]. The blue shaded regions illustrate the
“neutrino fog” [15]. Right: Median evidence potential curves for 3� for both exposures. The example evidence contours for 20
and 80GeV WIMPs are 1-,2- and 3-sigma (yellow, orange, red) confidence intervals with the 1000 t·y exposure. The plot also
illustrates example regions of interest for dark matter candidates where the overlaid shading (labelled as ATLAS) illustrates
model regions excluded by ATLAS [25,27,28].

inside the detector. In addition, leakage from the more
numerous electronic recoil (ER) backgrounds into the
nuclear recoil signal region will need to be controlled.
With a target suppression of 222Rn to 0.1µBq/kg and
natKr to 0.1 ppt, the processes dominating electron re-
coils will be those from solar (mostly pp) neutrinos scat-
tering o↵ electrons and naturally occurring 136Xe in the
LXe [44]. Background reduction strategies to achieve
these goals are further discussed in Section 5.

With a conservative 200 t·y exposure, assuming a
successful suppression of radioactive backgrounds be-
low the irreducible neutrino backgrounds and negligi-
ble leakage of electron recoil events from solar neu-
trinos into the signal region, the experiment will de-
liver an order of magnitude improvement in exclusion
sensitivity and discovery capability compared to cur-
rent experiments. For a 40GeV/c2 WIMP it will reach
90% exclusion sensitivity down to a cross-section of
2 ⇥ 10�49 cm2 and 3� evidence capability at a cross-
section of 7 ⇥ 10�49 cm2. In order to be the definitive
xenon experiment, the detector must be capable of run-
ning up to a 1000 t·y exposure without becoming lim-
ited by backgrounds from radioactive impurities, mak-
ing it sensitive to a potential 3� evidence at a cross-
section of 3 ⇥ 10�49 cm2 for a 40GeV/c2 WIMP as
shown in Fig. 2. In case of a discovery, XLZD could
also shed light on the nature of the WIMP-nuclear re-
sponses [45].

2.2 Neutrinoless Double Beta Decay

The lepton number violating neutrinoless double beta
(0⌫��) decay process is another critical signature for
Beyond Standard Model physics. Its detection would
reveal the nature of neutrinos, and under the assump-
tion of light-neutrino exchange and Standard Model
interactions, the half-life will yield insights into their
mass ordering. With 8.9% abundance of 136Xe in nat-
ural, non-enriched xenon, the observatory will instru-
ment 5.3 tonnes of this isotope, aiming to observe 0⌫��-
decays above the background spectrum shown on the
left of Fig. 3. The corresponding half-life sensitivity
projections for the 0⌫��-decay, derived using a Figure-
of-Merit estimator [46] in corresponding optimal fidu-
cial volumes, are shown on the right of Fig. 3 for the
XLZD detector with either 60 or 80 tonnes target mass.
The sensitivity is estimated for a range of detector per-
formance parameters and background assumptions, as
discussed below, represented by a band for each target
mass between a nominal (lower bound) and an opti-
mistic (upper bound) scenario.

The backgrounds to a 0⌫��-decay signal, shown
on the left of Fig. 3, are caused by �-rays emitted
from detector materials and electron-induced signals,
with the latter being uniformly distributed in the de-
tector volume. Two of these uniform backgrounds are
irreducible: the continuous spectrum induced by so-
lar 8B neutrinos scattering o↵ electrons and leakage
of the 2⌫�� decay spectrum of 136Xe into the 0⌫��
energy region of interest (ROI). The latter is highlyPMT
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Development of Hermetic Xenon Detector for XLZD
Ryuta Miyata （Nagoya University）

1. XLZD experiment

2. Radon BG

3. Hermetic liquid xenon detector

5. Estimation of the hermeticity

6. Conclusion

Abstract
For the direct dark matter search using liquid xenon, the β decay of 214Pb, the daughter nucleus of radioactive radon, is a major background event. For the XLZD experiment, a future dark matter 
experiment with 50 tons of LXe, it is necessary to reduce the radon concentration in the detector to 10% of XENONnT. To reduce it, a hermetic xenon detector, which seals the center of LXe with high 
purity quartz and PTFE and prevents contamination of radon originating from other detector components, has been proposed.
In this poster presentation, I will report on developing a small hermetic detector made of quartz and PTFE and its hermeticity evaluated by measurement of the ratio of radon concentration in 
gaseous xenon inside and outside the chamber.

- β decay of !"#𝑃𝑏, the daughter nucleus of radon, causes a 
signal similar to the ones caused by the scattering of DM.
- Radon emanates from the detector components(PMT cable, 
cryostat, etc.), which is similar to outgas.

sensitive 
volume

PMT

stainless steel vessel

Hermetic xenon detector

PTFE

quartz

Seal the sensitive volume with high purity quartz 
and PTFE to prevent radon contamination.

Radon emanates from detector components and it 
contaminates the sensitive volume.

Conventional xenon detector

Hermetic xenon detector

In the XLZD experiment, the radon concentration in 
liquid xenon(LXe) should be reduced to 10% of that in 
the XENONnT experiment. 
In XENONnT, radon BG was reduced by the xenon 
purification system, but we need a new way to further 
reduce the radon concentration to achieve our goal.

Material: Quartz and PTFE  (already used for PMT 
windows and reflective materials in XENONnT)

4. Development of a hermetic chamber

- Our target is probing WIMPs down to the 
neutrino fog, which is a region made difficult to 
explore by the neutrino background(BG). 
- Radioactive BG need to be reduced to be less 
than neutrino BG and to achieve our goal. One 
of the largest radioactive BG is radon.

- XLZD :

<Requirements>
- Achieve radon concentration inside the hermetic 
detector to 1% of the outside. 
- The top and bottom flanges must be transparent to 
xenon scintillation light (175 nm).
- The material must be low radioactive.

< How to estimate the hermeticity >
- Measure the radon concentrations 
inside/outside the chamber when radon is 
injected only outside the chamber. 
The more tightly sealed the chamber, the less 
frequently radon decays inside it.

- In the XLZD experiment, the radon concentration should be reduced to 10% of that in the 
XENONnT experiment. One of the most promising solutions is the hermetic xenon detector.
- We developed a small hermetic detector made of PTFE and quartz. 
- Its hermeticity was estimated by measuring the ratio of radon concentration inside/outside the 
chamber and it is enough to achieve the requirement in XLZD.
- Estimation of the hermeticity in liquid xenon is ongoing.
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ePTFE gasket 
(width : 2mm)
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<Key points in development>
- To prevent the quartz from breaking, we need to tighten 
the flange with as little force as possible.
- Gasket material has to be softer than quartz and 
PTFE, and remain functional at low temperatures
(≈-100°C) and high pressure(≈2 atm).
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electron

DM nucleus

photon

- Direct dark matter (DM) search : 
Observe signals of photons and electrons due to 
scattering between nucleus and DM. 

DM

radon

scattering

β-decay

photodetector

LXe

radon concentration

XENONnT 4	µBq/kg

XENONnT (using radon 
distillation colume)

1	µBq/kg

XLZD (requirement) < 0.1	µBq/kg
1/10

A future direct dark matter(DM) search after 
XENONnT or LZ with 50 ton liquid xenon. 

Expanded PTFE(ePTFE) fits these 
criteria.
The pressure on the gasket 
increased by using the nallow 
gasket.

The hermeticity of this hermetic 
chamber needs to be estimated.

Rn

Rn

Rn

Rn

Rn

Rn

Rn

Rn

Rn

radon
detector

radon
detector

radon
source

Internal xenon 
circulation line

External xenon 
circulation line

The setup has two independent circulation 
line for xenon inside/outside the chamber.

PMT

< detector of radon concentration >
- The setup has two types of detectors.

Radon detector : The daughter nuclides of radon are 
collected on the surface of the photodiode 
by applying an electric field.
And then their alpha decays are observed.

PMT : The scintillation lights due to alpha decay of radon 
are observed by PMT through the quartz flange.

Inside the chamber : radon detector & PMT
Outside the chamber : only radon detector 2 inch PMT

1 inch
PMT ×4

hermetic
chamber

ra
tio
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ratio of count rate of radon (measured with radon detectors)

𝑉!"𝜏
𝑑𝐶!"
𝑑𝑡 = −𝑉!"𝐶!" +𝑓𝜏𝐶#$% −𝑓𝜏𝐶!"

< What is the indicator of the hermeticity ? >

∴	 lim
$→&

𝐶'(
𝐶)*$

=
𝑓𝜏

𝑉'( +𝑓𝜏

Variation the 
number of radon 

inside the chamber

decay leak 

The indicator of its hermeticity is the leak rate of volume of xenon, which is obtained by 
dividing the leak rate of radon by the density of radon.

⟺	
𝐶'(
𝐶)*$

=
𝑓𝜏

𝑉'( +𝑓𝜏
1− exp −

𝑉'( +𝑓𝜏
𝜏𝑉'(

𝑡 	 ⋯ 	①

As time passes, the concentration ratio is approached 
to a steady-state value 

𝑓 : leak rate of volume of xenon
𝜏 : lifetime of radon = 132	h
𝐶'( : radon concentration inside it
𝐶)*$ : radon concentration outside it
𝑉'( : inner volume

< Results >
- The radon concentration was 

measured for 670 hours (~5𝜏).
- The ratio is fitted by the equation.1

< Estimation of the radon concentration in XLZD >

leak rate Amount of 
emanated 

radon

inner 
volume

Scaling ×	200 ×	3 ×	10+

Increases in... length of the 
gasket

amount of 
detector 

component

-

Impact for 
radon 

concentration

negative negative positive

The leak rate should increase when 
the chamber is enlarged because 
the length of the gasket increases.

The radon concentration inside the 
hermetic chamber in XLZD is 
estimated to be 6.9×10,- µBq/kg.
(Requirement : < 10," µBq/kg)

radon concentration can be 
achieved 10 times lower than the 
requirement.

𝑓 = 2.9 ± 0.4 ×10,.	L/s

We can keep the radon 
concentration inside the chamber as 
1% of that outside the chamber.

lim
$→&

𝐶'(
𝐶)*$

= (1.08 ± 0.04)×10,!

time (h)


