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An active discrimination of the dominant a-background is the prerequisite for future neutrinoless
double-beta decay experiments based on TeO2 bolometers. We investigate such a-particle rejection
in cryogenic TeO2 bolometers by the detection of Cherenkov light. For a setup consisting of a massive
TeO, crystal (285¢g) and a separate cryogenic light detector, both using transition edge sensors as
temperature sensors operated at around 10mK, we obtain an event-by-event identification of e/~-
and a-events. We find in the energy interval ranging from 2400 keV to 2800 keV and covering the Q-
value of the neutrinoless double-beta decay of '3°Te a separation of the means of the two populations

of 3.7 times their width.

I. INTRODUCTION

The postulation of the neutrino in 1930 by W. Pauli
was followed by many decades of intensive experimental
investigations, though still today important properties of
this particle are unknown. Oscillation experiments have
confirmed that the three families of neutrinos mix and
that at least two of them have a finite mass. However,
information on the absolute mass scale, the ordering of
these masses, charge conjugation properties and lepton
number conservation is still missing.

In case neutrinos are Majorana particles [I], which im-
plies the presence of physics beyond the Standard Model
of particle physics, an extremely rare process should be
observable, namely the so-called Neutrinoless Double-
Beta Decay (OvDBD) [2]: in a OvDBD the parent nucleus
decays by the simultaneous emission of two beta-particles
only. As no neutrinos are emitted, the full energy of the
decay, the Q-value, is shared between the two electrons.
The evidence of OvDBD would prove that neutrinos are
their own anti-particles and that lepton number is not
conserved. Also, constraints would be set on the mass
scale of the neutrinos.

Numerous experiments are searching for this process
with the distinctive signature of a monochromatic line at
the Q-value of the decay - the combined energy of the
two simultaneously emitted electrons.

Low temperature bolometers are ideal detectors for
such surveys: crystals can be grown with a variety of
interesting DBD-emitters [3], and multi-kg detectors [4]
can be operated with excellent energy resolution (0.1-
0.2%) at the Q-value [5].

Up to now, low temperature bolometers searching for
OvDBD were mainly using TeOs crystals [5l [6], which
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show very good mechanical and thermal properties [7],
have a very large natural isotopic abundance of the can-
didate isotope *°Te (34.2% [8]) and, most importantly,
are produced at industrial scale.

At present, radioactive surface contamination is the
key-issue [9] [10] that may limit the sensitivity of tonne
scale cryogenic bolometer experiments like CUORE [IT]:
a-particles can loose a fraction of their initial energy
while passing through the bulk of the material surround-
ing the detector before interacting in the bolometer.
These so-called degraded a-particles show a flat energy
spectrum ranging from the Q-value of the a-decay (sev-
eral MeV) down to threshold energy, thereby possibly cre-
ating background within the region of interest for ovDBD
[12].

For next-generation bolometric 0vDBD experiments
beyond CUORE [I3], the only way to eliminate this a-
background is to identify the interacting particles. In
case of non-scintillating crystals like TeO5 the discrimina-
tion could be obtained by measuring the Cherenkov light
emitted by electrons as suggested in [I4]. Alpha-particles
of few MeV have kinetic energies below the threshold for
the creation of Cherenkov light. Since the expected en-
ergy emitted in form of Cherenkov photons from elec-
tron interactions is O(100¢eV) [14], light detectors with a
low energy threshold and an excellent energy resolution
should be employed.

The first published measurement on the detection of
Cherenkov light in this context was carried out on a 116 g
TeO4 crystal, demonstrating that a-particles can be dis-
criminated [15]. Very recently an event-by-event discrim-
ination was obtained with a very small TeOs bolometer
based on a 23 g crystal [I6]. Measurements on a massive
crystal (750 g) demonstrate that difficulties may substan-
tially increase with crystal size and that light detectors
with a threshold as low as some 10¢eV are required [17].

In this work we report the results from a measurement
of the Cherenkov light emitted by a 285 g TeO5 bolome-
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FIG. 1. On the left, the TeOs crystal surrounded by a reflec-
tive foil and mounted in its copper holder is shown. A small
CdWOy crystal carrying the TES is attached onto the large
TeOsz. The light detector shown on the right is mounted in its
copper structure. The temperature sensors can be identified
on the surfaces of both detectors.

ter. The light absorber is read out by a Transition Edge
Sensor (TES) of the same type as used in the CRESST
dark matter search [18]. With this set-up we demonstrate
for the first time an effective event-by-event discrimina-
tion on a massive TeOg crystal.

II. EXPERIMENTAL SET-UP

The TeOs crystal used in this work is a cylinder (40 mm
diameter and height, 285 g in weight). The mantle sur-
face of the crystal was mechanically roughened to in-
crease the collection of Cherenkov light [19]. The two
flat surfaces are of optical quality, polished with a 1 mm
chamfer on edges. The crystal is operated as a bolome-
ter at about 10 mK and read out by a W-TES. TESs are
highly sensitive thermometers which allow to detect tiny
temperature excursions O(uK) caused by particle inter-
actions in the crystal, by measuring the change in the
resistance of the TES. In our case, the sensor consists of
a thin tungsten film (200 nm, referred to as W-TES) sta-
bilized in its transition between the normal conducting
and the superconducting phase by a dedicated heater.
The heater consists of a gold stitch bond (gold wire with
diameter of 25 pm), which is bonded to the tiny gold
structure on the TES also used as thermal link. Since
a direct evaporation onto the TeOs crystals did not suc-
ceed, a composite detector design was used instead [20]:
a small (20x10x2) mm? cadmium tungstate carrier crys-
tal (CAWOy), equipped with the W-TES, was attached
onto one of the flat surfaces of the TeOs by vacuum grease
(DowCorning UHV). The reason for choosing a CdWO,
crystal as carrier of the W-TES is discussed in section
L

One polished side of the TeOs crystal is facing a cryo-
genic light detector of CRESST-II type [18], which con-
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FIG. 2. Schematic of the experimental set-up (not drawn to
scale).

sists of a thin sapphire disc (thickness of 460 yum) with a
diameter of 40 mm, equal to the diameter of the crystal.
Since pure sapphire is optically transparent a 1 pm thick
layer of silicon is epitaxially grown onto the sapphire disc.
Light detectors of this type we refer to as SOS (Silicon
on Sapphire). Also the light absorber is read out by a
W-TES, which in shape and dimension is optimized for
the light detector and different to the TES design of the
massive absorber crystal. Crystal and light detector are
enclosed in a reflective housing (VM2002 Radiant Mirror
Film). A photograph of the set-up is shown in Figure

To study the discrimination capability of e/v-events
from a-particles a source of degraded as of 233U is used.
The source, as depicted in Figure |2] is arranged such to
avoid any line of sight to the TES and to the surrounding.

The measurement was carried out in the test facility
of the Max-Planck Institute for Physics. The facility
is located at the Laboratori Nazionali del Gran Sasso
(LNGS), a deep underground site (3650 m.w.e.) in cen-
tral Italy and consists of a dilution refrigerator which is
surrounded by about 20cm of low background lead to
shield the environmental e/y-radioactivity. A platform
attached by a spring to the mixing chamber of the dilu-
tion unit mechanically decouples the detector from the
cryogenic facility in order to reduce microphonic noise.
The TESs are operated with a commercial de-SQUID
electronics (Applied Physics Systems). The hardware
triggered signals are sampled in a 409 ms window with
a sampling rate of 10kHz. Both detectors are always
read out simultaneously, independent of which channel
triggered.

More detailed descriptions of the DAQ, the control of
detector stability as well as the pulse height evaluation
and energy calibration procedures are given in [21] 22].
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FIG. 3. Left figure: Averaged pulse (green dots) created from 2615keV v-events (*°®Tl-line) in the TeO2 crystal. Fitting this
pulse with two exponentials using the model of cryogenic particle detectors [23] yields the non-thermal and thermal component,
shown as dotted and dashed lines. Right figure: Averaged pulse (green dots) created from 122keV ~s (°"Co calibration) in a
CdWOy crystal scintillator (40 mm in diameter and height) as well as its non-thermal (dotted line) and thermal component
(dashed line). The black solid line referred to as "fit" represents the sum of the two components in both plots respectively.

TABLE I. Calculated phonon group velocities are given for
acoustic transversal and acoustic longitudinal phonon modes
in TeO2, CaWO4 and Al2O3. Since values for CAWOQO4 are
absent in literature, the values for CaWQ, are listed instead.
For each interface only the phonons travelling along the crys-
tal axis normal to the interface are considered. Debye tem-
peratures Op of all crystals are listed.

Material vra vLa Op Ref.
[km/s] [km/s| [K]

TeO, 2.2 32 232 [24], [25]
CaWO, 245 4.76 335 [26], [27]
AlLbOs; 6.1  11.2 1041 [23], [25]

III. DETECTOR PERFORMANCE

In this section we report on pulse-shape parameters
and energy resolution of the TeOs bolometer and of its
light detector.

A. TeO; Crystal

The measured signals in the TeOy bolometer are very
small in comparison to other inorganic scintillating ma-
terials both read out by a W-TES of the type as used
in this work [23] 28]. This behavior can be attributed
to the acoustic mismatch between TeOy and the CAWO4
crystal carrying the W-TES. A particle interaction in an
inorganic anisotropic single crystal as, e.g. TeOs, creates
high frequency phonons O(THz) with energies of a few
meV. As these energies are much higher than thermal
energies at the temperature of detector operation (about

10 mK) corresponding to 1 ueV, these phonons are called
non-thermal phonons.

This initial phonon population is not stable and very
quickly decays to a distribution with a mean frequency
of few 100 GHz [23]. The fast decay is followed by a pe-
riod of few milliseconds where the distribution of average
phonon frequencies remains quasi constant. During this
time the phonons spread ballistically over the volume of
the crystal.

These phonons may get absorbed directly in the TES,
thereby creating the fast so-called non-thermal part of
the detected signal. The TES relaxes back to equilib-
rium temperature via its thermal link to the heat bath
(dominant process), but also via re-emission of thermal
phonons into the crystal. Phonons that thermalize in
the crystal by inelastic scattering (e.g. on the surface
or on crystal defects) also lead to an increase in the
crystal’s temperature and cause the slow thermal com-
ponent of the detected signal. Typically, the fast compo-
nent dominates the signal at very low operating temper-
atures, whereas the slow component is suppressed as a
consequence of the weak coupling between electrons and
phonons in the TES. Thus, being operated in the bolo-
metric mode [23], the pulse height of detected signals is
determined by the flux of non-thermal phonons and by
the thermal coupling of the TES to the heat bath.

The left plot of Figure [3] shows a fit to a pulse aver-
aged over a set of @(100) pulses from 2615keV ~y-events
(?°8Tl-line) in the TeOy crystal. The pulse was fit with
two exponentials using the model of cryogenic detectors
[23]: the signal’s non-thermal component (dotted line)
and the thermal component (dashed line) are indicated.
The sum of both components is shown as black solid line.
For comparison, the right hand side of Figure 3]shows the
result of such a fit to the events from 122keV vs (°"Co



calibration) in a CAWOy crystal (40 mm in diameter and
height). For both measurements the same W-TES evap-
orated onto a small CAWOQO, carrier crystal was used. In
case of the TeOs crystal the carrier was attached by con-
ventional vacuum grease. In the case of CdWOQy,, the
carrier crystal was glued onto the big absorber using a
low viscous epoxy resin (EpoTek 301-2).

For the pulses illustrated in Figure [3] the energy de-
posited in TeOq (left plot) is about 20 times higher than
in the CAWOy, crystal (right plot). However, the detected
pulse amplitude is of same order. Especially, the contri-
bution of the non-thermal component in the TeOs crystal
is significantly reduced. Non-thermal phonons seem to
thermalize before being detected in the TES, resulting in
an overall small pulse amplitude with a long decay time.

The following explanation of the experimental observa-
tion is very plausible, however contributions from other
processes cannot completely be excluded at this point.
Phonons that have to be transmitted between two care-
fully bonded dissimilar crystalline media (crystal -> in-
terface -> carrier crystal -> metal film) will experience
a boundary resistance. The reflection, refraction and
mode conversion of phonons on crystalline interfaces is
described by the acoustic impedance mismatch model
[29]. In contrast, an amorphous interface as epoxy resin
or grease allows low energy phonons more easily to pass
the interface due to its rich energy spectrum, thus work-
ing as a low-pass filter [30].

A first idea on the quality of the phonon transmission
between solid-solid interfaces can be gained by compar-
ing the Debye temperatures To of the bonded materials
(see Table|l)). The more the Tg differs for two bond ma-
terials the lower the transmission probability. The ratio
of the speeds of sound (vp,1/vm2)? yields a qualitative
estimate of the transmission probability from material
1 to material 2. A quantitative way of calculating the
transmission and related parameters while including the
anisotropy of a real crystal is illustrated in [3T]. However,
such calculations cannot be performed here because the
elastic constants and the lattice orientation are unknown
for the materials of this work.

The thin grease/epoxy layer used to attach the carrier
crystal onto the large TeOs crystal does not affect the
phonon propagation. This is proven by composite detec-
tors made from CaWQ, and CdWO, where no degra-
dation of the phonon signal, in particular of the non-
thermal component, is observed. Estimating the trans-
mission probability for the material combination TeOq
and CaWOy by using the simple ratio results in a trans-
mission of about 30%. Since CaWOQ, and CdWOQ, reveal
similar crystal quality in sense of phonon propagation
properties, a comparable value is expected for the mate-
rial combination TeOy and CAWOy4.

Prior to the measurement reported in this article the
same TeQO crystal was operated using a carrier crystal
made out of sapphire (AlyO3). The pulse amplitude of
2615keV ~s was about six times smaller. The simple
calculation for the phonon transmission results in about
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FIG. 4. Spectrum used to establish a direct energy calibration
of the light detector. The 55Mn Kq- and Kg-line at 5.9keV
and 6.5keV show a resolution of (100.5 + 0.9)eV o.

3% for the configuration TeOy and AlyO3 and is roughly
consistent with the observed degradation in pulse ampli-
tude in comparison to the combination TeOq crystal and
CdWOy carrier crystal.

However, the acoustic mismatch between carrier crys-
tal and the TeOs crystal is not sufficient to serve as the
unique explanation for the observed degradation in the
non-thermal signal component. In TeOs other processes
which reduce the life time of the non-thermal phonon
population due to inelastic processes in the crystal or on
the crystals’ surface may play a role. The mantle sur-
face of the cylindrical TeOs crystal used in this work was
mechanically roughened. Surface imperfections induced
by a mechanical treatment showed a degradation of the
detected signal amplitude, in other experimental works,
using Si or sapphire substrates. Further studies are neces-
sary to gain a better understanding of the observed small
signal amplitudes in TeO, crystals read out by W-TES.

The energy resolution achieved at the 2.6 MeV 208T1
~-line is: 0=10.2keV. In comparison, the energy resolu-
tion of a CUORE crystal (750g) read out by a NTD-Ge
with optimized thermal design and working conditions is
2.2keV o [B]. An energy resolution of 0.1-0.2% at the
Q-value energy is a prerequiste for a future OvDBD ex-
periment. Thus, thermistors to read out the signals of
large bolometers are superior to transition edge sensors
in the region of interest for 0vDBD (MeV-scale), given
their large dynamic range of operation. Instead, W-TES
are ideal sensors for the purpose of light detection and
for cryogenic bolometers for dark matter searches since
their performance is best at eV-keV scale.

B. Light Detector

The SOS light detector has a transition temperature
of about 17.5mK. An ?°Fe X-ray source was used to al-
low for a direct energy calibration of the detector. The
achieved energy resolution at the 5°Mn K,- and Kg-line
is about (100.5 + 0.9) eV o (see Figure[d]), the RMS noise
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FIG. 5. Left figure: The result of a fit to an averaged pulse (solid line) created from direct hit events in the light detector
and from Cherenkov events (dashed line), both at an absolute energy of about 125€eV (this work) is shown. Right figure: The
result of a fit to an averaged pulse from direct hit events in a SOS light detector at 5.9keV (°**Mn K,-line) is displayed. Since
this light detector is paired with a CaWOy crystal, the corresponding scintillation light event (same energy deposition in the
light detector) from the CaWOy crystal is shown as a dashed line. As the scintillation process is slow in comparison to the
production of the prompt Cherenkov light, the scintillation light event can be discriminated by pulse shape from a direct hit
event in the light detector. A discrimination of a Cherenkov light event from a direct hit event in the light detector (left plot)

is not feasible.

of the baseline is 23.4€V o.

An investigation of the pulse shapes of the detected
light signals shows that a pulse from a direct energy
deposition in the light detector, referred to as a direct
hit event, and a Cherenkov event reveal a very similar
pulse shape for the same deposited energy (left plot in
Figure [5). The detected light signal caused by an e/y-
interaction in the TeOs we refer to as Cherenkov event.
The rise time of the non-thermal component of both sig-
nals is identical within errors; we find 0.481+0.028 ms
and 0.488+0.008 ms for the direct hit event and the
Cherenkov event, respectively.

On the contrary, when using a typical inorganic scintil-
lator made from CaWOQy, direct hit events and so-called
scintillation light events, detected in the light detector
as a consequence of a particle interaction in the CaWQO,
crystal, reveal a different pulse-shape as can be noted in
the right plot of Figure[5} a direct hit event at 5.9keV in
a SOS light detector (solid line) is shown together with an
averaged pulse of a scintillation light event (dotted line)
from the CaWQ, crystal depositing the same amount of
energy in the light detectorE The rise times are 0.64 ms
for the direct hit event and 0.98 ms for the scintillation
light event. This observation further confirms that the
light detected from TeQOs is Cherenkov light: the scintil-
lation process is a slow process as it involves a sequence
of stages, whereas the Cherenkov light is promptly pro-
duced by the charged particle. Therefore the pulse shape

1 The SOS light detector used with the CaWOy crystal is not the
same as used in the TeO2 measurement. However, they are from
the same batch, both SOS-type and identical TES design.

is similar to the one of particles (X-rays, electrons) di-
rectly absorbed in the light detector.

IV. RESULTS

The background data of the TeOy bolometer acquired
in 0.67 days of live time in the light yield-energy plane is
shown in Figure @ The light yield (LY) in this context is
defined as the direct energy detected in the light detec-
tor in eV per one MeV of deposited energy in the TeOo
crystal. Two distributions can be observed. The highly
populated band is due to e/7-interactions, the less pop-
ulated band at zero light yield is ascribed to a-particle
interactions from the degraded 233U a-source.

The test facility does not exhibit a low-background
environment and several ~-lines are visible in the scat-
ter plot (Figure @ The dominant part of the e/y-
background comes from non-radiopure materials used
for manufacturing the cryostat and the LHe-dewar lo-
cated inside the Pb-shield. Furthermore, the Pb-shield
around the LHe-dewar does not completely enclose the
experiment. The highest observable 7-line from thal-
lium appears at 2615keV. We find the energy of the de-
tected Cherenkov light at this 2°8Tl-line to be 128.9eV
(0=32€V).

The band ascribed to e/v-events is shown in form of
a central probability band. Two functions define this
band: the mean value of the light yield and the energy-
dependent width of the band around the mean value.
The width is set by the finite energy resolution of the
detectors. The following notation is used: the energy
deposited in the crystal is F, the corresponding energy
emitted in form of Cherenkov light is L. In this data-



oriented model the mean of the light yield (LY) of the
e/y-event distribution is

LYe/y(E) = poE. (1)

The value of py is around 50 eV /MeV since the light yield
after absolute energy calibration of the light detector is
about 50 eV for 1 MeV of deposited energy in the crystal.
The width of the band is given by the energy resolu-
tion of the detectors. Due to high statistics, the energy
dependence of the resolution can be extracted from a fit
of the e/y-band. The width of the e/v-band can be well
described by a Gaussian function with the width [32]

dL 2
Te/y = \/012 + (dE : UTeOz> +S51L (2)

where o7 and 070, is the baseline noise of the light de-
tector and the TeO5 bolometer and S; accounts for sta-
tistical fluctuations in the number of detected photons
(Poisson statistics). During the detector operation heater
pulses are injected to the detector via the TES heater.
The resolution of a heater pulse in the light detector
and the TeOg bolometer directly yield the o; and orc0,
parameters since heater pulses, in contrast to particle
pulses, are not affected by photon statistics. The val-
ues for the detector module of this work are 0;=261keV,
07¢0,=9.8keV and S7=360keV.

The band description is shown in Figure[6} the dotted
contour lines are central £+ 1.28 ¢ boundary lines whereas
the solid lines are 43.1¢ boundary lines, thus 99.8% of
all e/y- events are expected to be within the two solid
contour lines. The a-particle distribution appears at a
light yield of zero, well separated from the populated
e/v-band.

A projected view of the light yield in [eV/MeV] allows
to visualize the achieved discrimination of a-particles
from e/~-events; in Figure|7|a histogram of all events ob-
served in the energy interval from 2400keV to 2800 keV
is shown. Two Gaussian functions (all parameters free)
are used to fit the two distributions (red solid line): a-
particles appear at (0.8040.89) eV /MeV, whereas for the
distribution of e/~-events the mean value is found to be
(48.55+0.36) eV /MeV.

The fit gives a resolution of o=(8.74+0.27) eV /MeV
for the e/y-peak and 0=(9.534+0.75) eV /MeV for the a-
peak. Since the a-events do not produce light, the reso-
lution is expected to be slightly better in respect to the
e/v-events because of the missing Poisson statistics con-
tribution. However, the os of both distributions are com-
patible due to the dominant contribution of the baseline
noise and the lack of statistics (see Figure .

Following [33], the discrimination power (DP) between
two symmetric distributions can be characterized by
comparing the difference between the mean values of
the two distributions weighted by the square root of the
quadratic sum of their widths

pp — M8y Ha (3)

[ 2 2
T8/~ T4

150

data

Q-value of Te 1.28 o contour lines

1 .
0o —— 3.10 o contour lines

50 7

Light yield [eV/MeV]

VA P L
1000 2000 3000

-50

P PR I
4000 5000 6000

Energy [keV]

FIG. 6. Background data of the TeO2 bolometer is shown
in the light yield-energy plane. Light yield in this context
refers to the direct energy detected in the light detector in
eV per MeV of deposited energy in the TeOs crystal. Two
distributions can be noted: a band due to e/7-interactions as
well as the less populated band at zero light yield due to a-
particles from a degraded a-source. The bands which indicate
the region expected for e/y-events are shown in form of central
probability bands. The dotted lines are +1.28 o contours
whereas the solid lines are £3.10 contours, thus 99.8% of all
e/v-events are expected to be contained within the two solid
contour lines. The a-particle distribution appears at a light
yield of zero, separated from the populated e/y-band. The
dashed vertical line indicates the Q-value of **Te of 2530 keV.
On average the Cherenkov light at the 2°®Tl-line results in
about 129eV of detected light.

where j15,, and i, are the mean values of the two distri-
butions and o5/, and o, are their corresponding widths.
Inserting the values obtained from the double-Gaussian
fit displayed in Figure[7]yields a value of DP equal to 3.7.
Thus, we achieve the highest suppression up to date, in
particular carried out on a massive TeOgy bolometer (see

Table .

Experiments using light detectors read out by NTD-
Ge with the characteristics presented in [I5] [I7] so far
do not arrive at a sensitivity level which allows for a dis-
crimination on an event-by-event base. An improvement
by a factor of four (¢ &~ 20eV (RMS)) on the perfor-
mance of the thermistor would be needed for an effective
a-particle suppression. A TES-based light detector com-
bined with Neganov-Luke amplification technique [I6]
showed an a-suppression of 99% while accepting 99.8%
of all e/v-events at the 2°%Tl-line, but on a very small
23 g TeOg crystal.

In Table [[]] we summarize the properties and the per-
formance of the before mentioned cryogenic light detec-
tors used for the detection of Cherenkov light from TeOq
bolometers.



TABLE II. Summary on the performance of various cryogenic light detectors used for the detection of Cherenkov light from

TeOs bolometers.

Material Area [cm?]  Thermometer o TeO2  Cherenkov light DP  Ref.
absorber light detector light detector ~ [eV RMS] mass [g] @ 2.6 MeV in [eV]

Ge 19.6 NTD-Ge ~ 72 750 ~ 100 1.5 [17]
Ge 34.2 NTD-Ge ~ 97 117 ~ 195 1.4 [15]

Si 4.0 IrAu-TES + NL ~ 8 23 ~ 78 29  [16]
SOS 12.6 W-TES ~ 23 285 ~ 129 3.7 this work

I
S

Counts / 4 eV bin

0 TR NS e S SN BRI R
20 0 20 40 60 80

Light yield [eV/MeV]

FIG. 7. A histogram of the light yield [eV/MeV] distribution
is used to evaluate the discrimination power of e/v-events
from a-particles in the region of interest. The distribution
is fit with two Gaussians (all parameters free) and includes
all events observed in the energy interval from 2400keV to
2800keV. We find a separation in this energy interval of 3.7
using Equation [3]

V. CONCLUSION AND PERSPECTIVE

In order to explore the inverted hierarchy region, fu-
ture OvDBD experiments based on TeOs bolometers have
to adopt a particle discrimination method to reject the
a-background in the region of interest for OvDBD. We
demonstrated for the first time, using a massive TeOo
bolometer (285g), that the detection of the Cherenkov
light by operating a TES-based cryogenic light detector
allows to suppress the a-background. We achieve a dis-

crimination power of 3.7 for e/y-events from a-particles
in the energy interval from 2400 keV to 2800 keV compris-
ing the Q-value of 139Te.

For the readout of the TeOs crystal a NTD-Ge ther-
mistor is superior to a TES since such thermometers have
shown to be able to reach a resolution of 0.1-0.2% at the
Q-value of the double-beta decay of 30Te.

The light detector used in this work has an RMS of the
baseline of about 23eV ¢. Best performing TES-based
light detectors operated in the CRESST-II dark matter
search show o=5¢e¢V (RMS) [34]. This improvement of
a factor of about five would allow to enlarge the light
absorber without loosing discrimination power. A light
absorber with a larger area might be employed in order
to detect the Cherenkov light from several massive TeOq
crystals (750 g each), in a CUORE-like structure. To
equip a next-generation CUORE-type experiment with
1-tonne of isotopic mass using enriched TeO crystal with
such large light absorbers would allow for a limited num-
ber of SQUID channels and would mitigate the challenge
of manufacturing W-TES on a mass-production scale.
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