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Abstract 
 
This technology introduces an advanced neutrino detector system designed to detect 
neutrinos using cryogenic target crystals and veto detectors. The system employs a multi-
layer detection approach that includes a target detector, an inner veto detector, and an 
outer veto detector, all operating at cryogenic temperatures. This configuration allows for 
high-sensitivity detection of neutrinos, even in above-ground environments. The 
technology is particularly suitable for monitoring nuclear power plants and other 
applications requiring precise neutrino detection with minimized background interference. 
The device's compact and mobile design enables flexible deployment in various settings, 
enhancing its utility in scientific research and environmental monitoring. 

Advantages 

• High Sensitivity: Detects neutrino interactions with a sensitivity threshold below 50 
eV. 

• Background Suppression: Inner and outer veto detectors minimize background noise 
from various radiation sources. 

• Compact Design: Suitable for above-ground and mobile applications. 
• Scalability: Can be expanded with arrays of target detectors for increased detection 

probability. 
• Versatility: Operable in various environments, including nuclear power plants and 

geological sites. 

Applications 

• Nuclear Power Plant Monitoring: Real-time tracking of reactor activity and fuel 
composition. 

• Environmental Surveillance: Detection of neutrino emissions from geological 
formations. 

• Scientific Research: Fundamental studies in particle physics, particularly neutrino 
properties. 

• Dark Matter Searches: Potential application in detecting low-mass dark matter 
particles. 

• Mobile Monitoring Systems: Deployable on mobile platforms for flexible monitoring 
in different locations. 

Background 
 
Detecting neutrinos is inherently challenging due to their weak interactions with matter 
and lack of electrical charge. Traditional neutrino detectors rely on massive underground 
setups to minimize background noise, making them impractical for above-ground or 
mobile applications. Existing detectors also struggle with achieving the necessary sensitivity 
thresholds, particularly in environments exposed to cosmic radiation. This invention 
addresses these challenges by combining cryogenic detection with advanced veto systems 
to create a compact, high-sensitivity device capable of operating above ground. This 
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breakthrough enables new applications, including real-time monitoring of nuclear reactors 
and other sources of neutrinos. 

Technology 
 
The core of the technology is a neutrino detector device comprising a target detector with 
a cryogenic target crystal, an inner veto detector, and an outer veto detector. The target 
crystal, made of materials like CaWO₄, generates phonons upon neutrino interactions, which 
are then detected by a temperature sensor (transition edge sensor). The inner veto detector, 
composed of single-crystal wafers (e.g., silicon or sapphire), surrounds the target detector to 
suppress background radiation from beta and alpha decays. The outer veto detector further 
reduces background noise from gamma and neutron radiation. This multi-layered structure 
achieves sensitivity thresholds below 50 eV, making it suitable for detecting coherent 
neutrino-nucleus scattering (CNNS) above ground. 

 

  
 
The neutrino detector includes three 
cryogenic detectors: a target crystal for 
detecting neutrinos, the outer veto for 
detecting neutrons and gammas, and 
the inner veto for detecting a- and b-
decays. 

 
Monitoring a nuclear power plant 310 by means of the 
neutrino detector 200 mounted on a truck. Thereby 
the neutron detector is movable in the environment 
300 of the nuclear power plant and measurements 
can be performed at a distance up to 500 m from the 
reactor core. 
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this experimental approach interesting in two ways: 1)
CNNS is detectable with a small-scale experiment and a
total target mass of 10 g within a measuring time of several
weeks (see below), far less costly than traditional neutrino
facilities. 2) A managable scaling of the total target mass
to the still moderate range of 1-10 kg opens up a new win-
dow for precision tests of neutrino properties and inter-
actions beyond the standard model. A recent summary of
CNNS sensitivity to BSM neutrino physics is given in [10],
including the following potential observations.

– Interpreted within the standard model, a precise mea-
surement of the CNNS cross-section allows to deter-
mine the Weinberg angle at low energy scale through
Equ. 1. Transferred momenta in CNNS are on the
order of few MeV/c2, extending the reach of other
planned low momentum-transfer precision experiments
[11]. Together with knowledge on electroweak preci-
sion observables (e.g. from LEP), this allows to probe
the running of the weak mixing angle [10] which is
precisely predicted in the standard model [12]. This
collective measurement has sensitivity to BSM contri-
butions well above the LHC scale.

– The neutrino-quark sector of neutrino Non-Standard
Interactions [13,14], i.e. modified V-A quark-neutrino
couplings, may measurably modify the CNNS cross-
section [10].

– Exotic Neutral Currents [10], i.e. general (pseudo-)scalar,
(axial-)vector or tensor couplings can induce modifica-
tions in the CNNS cross section and energy spectrum.

– The possibility of observing active-to-sterile neutrino
oscillations using CNNS is discussed in [15].

– For very low energy thresholds, the magnetic moment
of the neutrino (causing enhanced low-energy scatter-
ing with spin exchange) can be probed beyond current
limits from neutrino-electron scattering [16].

2 The detector

2.1 A fiducial-volume cryogenic detector

A detector, sensitive to CNNS, faces two main challenges:
an extremely low energy threshold combined with extraor-
dinarily small background levels. We present a new gram-
scale cryogenic detector which combines the possibility of
lowest nuclear-recoil thresholds (O(.10 eV)) and the ad-
vantages of a fiducial volume device. Those provide active
shielding by the outermost regions against external radia-
tion which reduces the background level in the innermost
target volume (the fiducial volume). Since an exact spa-
tial position reconstruction of events is di�cult to realize
in thermal detectors, so far this potential could not be
exploited.

Here, a cryogenic detector is presented which realizes
a fiducial volume by combining 3 individual calorimeters:
1) a target crystal (the fiducial volume) with an extremely
low threshold of O(.10 eV), 2) an inner veto as a 4⇡ veto
against surface beta and alpha decays, and 3) an mas-
sive outer veto against external gamma/neutron radiation
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Fig. 1. Schematic view of the new detector which consists of
3 individual cryogenic calorimeters. The combination of, both,
the outer veto against external gamma/neutron radiation, and
the inner veto against surface alpha and beta decays, signif-
icantly reduces the background level in the target crystal. In
this way, a fiducial-volume cryogenic detector is realized. The
inner veto acts additionally as instrumented holder of the tar-
get crystal to reject possible stress-related relaxation events.

(see Fig. 1). Additionally, the inner veto acts as an instru-
mented holder for the target crystal allowing to discrim-
inate holder-related events (e.g. from stress relaxations).

2.2 Performance model for calorimeters

In order to design the new detector, a simple model was
developed to predict the practically achievable performance
of calorimeters of di↵erent geometry, material and mass [17].
The model is based on experimental results of cryogenic
CRESST-type detectors. The main results are derived here,
insofar as they drive design-choices for the fiducial-volume
cryogenic detector.

The fundamental equation describing a calorimeter is
that, for a system in internal thermal equilibrium, the tem-
perature rise

�T =
�E

C
(2)

where �E is an energy deposit and C is the heat capac-
ity of the object. Reducing C yields a large increase in
temperature and thus a high sensitivity to small energies.

Present cryogenic detectors of ⇠ 300 g achieve energy
thresholds of ⇠ 300 eV[18]. In this work we investigate the
performance and potential of gram-scale devices.

The fundamental energy resolution �E of cryogenic
calorimeters is given by irreducible thermal fluctuations
between the absorber and the thermal bath [19]:

�2
E ⇠ kBT

2C (3)

with the absorber’s temperature T , heat capacity C and
the Boltzmann constant kB . This corresponds to theoret-
ical energy resolutions of O(1 eV) at ⇠ 10mK for massive
calorimeters with masses of ⇠ 100 g [20]. Phonon processes
in cryogenic calorimeters with thin-film transition-edge-
sensors (TES) as considered in this work are well described
by a dedicated thermal model [21].
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