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N𝜈DEx (No Neutrino Double beta decay Experiment) is a Se TPC detector that will be located
in China Jinping Underground Laboratory (CJPL), looking for neutrinoless double beta decays.
In this talk, I will present the current status of the experiment and the prospects for future
developments. The first phase of the experiment will be N𝜈DEx-100, using 100 kg of SeF6: due
to the large overburden (2,400 m rock) and the high Q-value of 82Se (2.996 MeV) the background
rate will be very low, which ensures excellent prospects for scalability. On the other hand, since
SeF6 is an electronegative gas, any free electron will be captured almost immediately, and negative
ions will be drifting in the chamber, which prohibits the use of traditional electron-sensing TPC
detectors. For this reason, a new kind of chip has been developed: it will allow us to observe
the negative ions and reconstruct the energy of the events with great precision, even without
electron avalanche multiplication. A third tape-out of the chip (V2) has been produced and it’s
currently being tested using a prototype TPC on the surface. The tracks of alpha particles were
successfully detected during the test and the equivalent noise charge was measured to be about
58e− , approaching the requirement of 45e− .

The European Physical Society Conference on High Energy Physics (EPS-HEP2025)
7-11 July 2025
Marseille, France

∗Speaker

© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License (CC BY-NC-ND 4.0) All rights for text and data mining, AI training, and similar technologies for
commercial purposes, are reserved. ISSN 1824-8039 . Published by SISSA Medialab. https://pos.sissa.it/

mailto:emilio@impcas.ac.cn
https://pos.sissa.it/


P
o
S
(
E
P
S
-
H
E
P
2
0
2
5
)
1
8
7

P
o
S
(
E
P
S
-
H
E
P
2
0
2
5
)
1
8
7

Status and Prospects of N𝜈DEx, a Se TPC detector for 0𝜈2𝛽 decays Emilio Ciuffoli

1. N𝜈DEx

Neutrinos are the only particles in the Standard Model that could possess a Majorana mass term
without violating any fundamental symmetries. If such a term is present, they would be their own
antiparticles, i.e. two neutrinos could annihilate each other. The “smoking gun" that would prove
the Majorana nature of neutrinos is the observation of a neutrinoless double beta (0𝜈𝛽𝛽) decay, a
process which violates lepton number conservation. Indeed, some isotopes can decay via double
beta decay, namely

(𝐴, 𝑍) → (𝐴, 𝑍 + 2) + 2𝛽− + 2𝜈̄𝑒 (1)

If neutrinos are Majorana particles, however, the two 𝜈̄𝑒 can annihilate each other and all the energy
from the decay would be carried out by the electrons, resulting in a bump at the end of the spectrum.
Such a discovery would have huge implications in many fields, such as cosmology, and could help
to explain the matter-antimatter asymmetry in the Universe.

For this reason many experiments are looking for such a process; N𝜈DEx (No Neutrino Double
beta decay Experiment) is one of them. It will use a Se-based high-pressure Time Projection
Chamber (HP TPC); this design was first suggested in [1]. The main advantage is the high Q-value
of 82Se, 2.996 MeV, which places our Region of Interest (ROI) above the vast majority of the
environmental background. Moreover, since the detector is a TPC, the track topology can be used
to discriminate between signal events (which contain two electron tracks) and background (where
usually only one electron track is present). On the other hand, there are several challenges that
must be faced: first of all, the gas used in the TPC, SeF6, is highly toxic, and safety measures
must be implemented. Moreover, it has a high electron affinity, which means that the electrons
produced by ionization will be captured almost immediately, and the particles drifting in the TPC
will be negative ions. For this reason a new kind of sensor has been developed, which will allow
us to detect the negative ions, ensuring a good energy resolution even without electron avalanche
multiplication.

The first phase of the experiment, N𝜈DEx-100 [2], will use 100 kg of SeF6. We expect the
energy resolution to be 1% at 3 MeV and the ROI 30 keV. The detector will be placed at China
JinPing underground Laboratory (CJPL), which is the deepest underground laboratory in the world
(2.4 km rock overburden) and the cosmogenic muon flux will be strongly suppressed. For these
reasons, the background index will be very low, of the order of 4 × 10−6 evts/(kg yr keV), or
0.013 evts/yr in the ROI, which offers excellent prospects for scalability. In Tab. 1 the expected
contributions from the various background sources are summarized, with and without topological
veto (see [2, 3] for more details). Another possible source of background, not taken into account
here, is pile-up: indeed, since the drift velocity of negative ions is considerably smaller than the
one of electrons, the probability of pile-up background is increased. This background, however,
could be significantly reduced using event topology information or by placing scintillation light
detection at the HV plane side using silicon PM and light guides, which would allow us to detect
the scintillation light produced in each event, breaking the degeneracy [2]. The expected sensitivity
of N𝜈DEx-100 to the half-life of the 0𝜈𝛽𝛽 decay of 82Se after a 5-years run will be ∼ 3 × 1025

(∼ 3 × 1026) years with natural (enriched) Se [2].
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Table 1: Background sources

Source No Veto (evts/yr) Veto (evts/yr)
Natural Radioactivity 0.42 7 × 10−3

Fast Neutrons 0.03 4 × 10−4

Radon (estimated) 0.38 6 × 10−3

Total 0.83 0.013

2. Sensors And Surface Testing

The sensors that are being developed are the key technology for the success of N𝜈DEx. They
must allow the detection of the negative ions drifting in the TPC and ensure a good energy resolution
without the amplification of the signal due to electron avalanche multiplication. Three tape-outs
have already been conducted (V0, V1, and V2). In order to achieve 1% energy resolution, the
background noise should be lower than 45 e−. In V1, the background level was considerably higher,
of the order of 110 e−; in V2, however, we were able to significantly reduce this figure down to 50
e−, much closer to the target goal.

A prototype TPC has been assembled for surface testing, using a read-out plate with 19 chips,
see Fig. 1. It has been tested using an 𝛼 source, and we were able to successfully reconstruct the
track of the 𝛼 particle, see Fig. 2. In the future, we plan to use 𝛾 sources as well.

Figure 1: Prototype TPC and read-out plate

3. Simulations

At the end of each electron track (more generally, at the end of the track of any charged particle
which is traveling through matter), the energy lost per unit of track length significantly increase;
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Figure 2: Reconstruction of the track of the 𝛼 particle in the test TPC

this is known as the Bragg peak. In a 0𝜈𝛽𝛽 event, two electrons are emitted, which means that the
track will contain two Bragg peaks. On the contrary, in the vast majority of background events,
only one electron (and, as a consequence, a single Bragg peak) will be present: this is the case, for
example, of 𝛾 background, where all the energy of the 𝛾 is transferred to a 𝛽, or when a 𝛽 decay
happen inside the fiducial volume (either due to neutron activation, or from an isotope of the Rn
decay chain)1. For this reason, the track topology can be used to discriminate between signal and
background events. A full simulation and reconstruction software has been developed. In Fig. 3 an
example of 0𝜈𝛽𝛽 track is reported (left panel: simulated, right panel: reconstructed). In Fig. 4 the
distribution of the reconstructed energy of 0𝜈𝛽𝛽 events is shown.

Figure 3: Simulated (left panel) and reconstructed (right panel) 0𝜈𝛽𝛽 track.

Using neural networks, we found it is possible to reject 98.4% of 3 MeV 𝛾 events (which
represent the vast majority of the background), losing only 10% of signal efficiency, see Fig. 5. This

1In the standard double beta decays two electron would be emitted, of course, however, due to the good energy
resolution, the fraction of events within the ROI is negligible.
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Figure 4: Distribution of the reconstructed energy of a 0𝜈𝛽𝛽 event.

is a considerable improvement with respect to what was estimated in [2], where a 90% background
rejection efficiency was assumed.

Figure 5: Signal vs Background (3 MeV 𝛾) discrimination using neural networks
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