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Results on sub-GeV dark matter from a 10 eV threshold
CRESST-III silicon detector
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We present limits on the spin-independent interaction cross section of dark matter particles with silicon
nuclei, derived from data taken with a cryogenic calorimeter with 0.35 g target mass operated in the
CRESST-IIT experiment. A baseline nuclear recoil energy resolution of (1.36 4 0.05) eV, currently
the lowest reported for macroscopic particle detectors, and a corresponding energy threshold of
(10.0 £0.2) eV,, have been achieved, improving the sensitivity to light dark matter particles with
masses below 160 MeV/c? by a factor of up to 20 compared to previous results. We characterize the
observed low energy excess, and we exclude noise triggers and radioactive contaminations on the crystal

surfaces as dominant contributions.
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I. INTRODUCTION

Dark matter (DM) is the prevailing hypothesis that
explains a variety of observed phenomena in the Universe
[1]. There is currently a wealth of well-founded theories
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proposing new types of particles that make up this DM
[2-5]. A wide range of DM masses could be realized in
nature, motivating a broad search strategy with different
experiments probing various DM models. In direct detec-
tion experiments the scattering of DM particles with a
target is tested [6]. Since electromagnetic interaction must
be strongly suppressed or nonexistent for DM particles,
scattering would primarily happen on the target nuclei. For
a direct detection experiment to be sensitive to nuclear
recoils of DM particles with masses of 1 GeV/c?> and
smaller, extremely low energy thresholds of O(10 eV) are
required. Since DM particles have not yet been detected,
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results are usually presented in terms of upper limits on the
cross section of the DM-nucleon interaction for a range of
DM particle masses.

The Cryogenic Rare Event Search with Superconducting
Thermometers (CRESST) is a DM direct detection experi-
ment that uses crystals as cryogenic calorimeters in the low
background environment of the deep underground facility
of the Laboratori Nazionali del Gran Sasso (LNGS) in
Italy [7]. The third phase of the CRESST experiment,
CRESST-III, focuses on low-mass DM. By using tungsten
transition edge sensors (TES) [8], CRESST achieves energy
thresholds of O(10 eV) and is one of the leading experi-
ments in the search for DM particles in the sub-GeV range.
Another advantage of the CRESST technology is the
flexibility in the choice of target materials: the first results
on low-mass DM with CRESST-III were obtained with a
scintillating CaWOy, crystal [7], which provides excellent
particle discrimination, while the use of LiAlO, as a target
significantly improved the results on spin-dependent inter-
actions of DM with protons and neutrons [9].

After the part of the energy spectrum below several
hundred eV got accessible, sharply rising rates of events
towards the threshold have been measured in all CRESST-
III detectors [7,9,10]. This observation is often referred to
as low energy excess (LEE) due to the fact that the number
of registered events highly exceeds the values expected
from known background sources. Similar features are
observed in other low-threshold cryogenic experiments,
such as EDELWEISS [11-13], NUCLEUS [14,15],
SuperCDMS-CPD [16], and SuperCDMS-HVeV [17,18].
These excesses are currently the main limiting factor for
further sensitivity improvement of cryogenic DM searches
and are therefore intensively studied in the community [19].
A recent overview of experimental observations of the
excesses in the experiments listed above as well as experi-
ments exploiting the charge readout via CCD sensors,
DAMIC [20] and SENSEI [21], can be found in Ref. [22].

In this article, we present the DM search results of a
recent data-taking campaign, between November 2020
and August 2021, with a cryogenic Si detector. First, we
provide details on the experimental setup and detector
design in Sec. II. Then, in Sec. III, we describe the data
analysis procedure and report the detector performance.
In Sec. IV, we show and discuss the measured energy
spectrum and constrain the possible origins of the observed
LEE. Finally, we explore new parameter space for low-
mass DM particles with our data in Sec. V.

II. EXPERIMENTAL SETUP

The CRESST-III experimental setup is located at
LNGS and is protected by 3600 m.w.e. rock overburden,
which provides excellent shielding against cosmic rays.
In particular, the muon flux is suppressed by six orders of
magnitude compared to sea level [23]. In addition, the
detectors are protected by concentric layers of shielding

materials. The outer layer of polyethylene thermalizes
environmental neutrons. The following layer of plastic
scintillators acts as an active muon veto and tags
remaining cosmic muons. An airtight nitrogen-purged
box is installed inside the muon veto to avoid the
accumulation of radon gas and its decay products.
Inside the box, there are layers of low-radioactivity lead
and copper that shield against y backgrounds. An addi-
tional thin inner layer of polyethylene shields the cryo-
genic detectors, which are operated in a *He/“He dilution
refrigerator, from neutrons emitted by the lead and copper
shielding. More details on the experimental setup can be
found in Ref. [24].

CRESST-III detectors consist of CaWOy, Al,O3, Si, or
LiAlO, single crystals operated as cryogenic calorimeters
at temperatures around 15 mK (see Ref. [10] for a recent
overview). A particle recoil in the target crystal produces
phonons. In a good approximation for nonscintillating
calorimeters, the total energy transferred to the phonon
system corresponds to the energy deposit, independently
of the type of interacting particle, i.e., nuclear or electron
recoil, over a wide energy range. Thus, for the Si detector
presented in this work, we assume the energy scale
independent of the type of interaction. The phonons are
collected by a TES sensor [8] with Al phonon collectors
directly evaporated on the crystal and cause a temperature
rise in the tungsten film. The TESs are operated at a
temperature between the tungsten super- and normal
conducting phases, which leads to strong responses to
temperature fluctuations down to O(pK). A readout circuit
based on a SQUID amplifier finally produces a voltage
signal proportional to the heat fluctuations in the TES [24].

In this work, we focus on a light 0.35 g thin waferlike Si
detector with the size of (20 x 20 x 0.4) mm?>. The crystal is
instrumented with an individual TES and held by three Cu
sticks. One side of this wafer is facing a second instrumented
Si crystal with the size of (20 x 20 x 10) mm?® enabling the
study of coincident events. Both are encapsulated in a Cu
housing. Figure 1 shows a schematic drawing of this module
comprising the aforementioned components. In contrast to
the standard CRESST-III design [7], no scintillation light
is produced within this module. We have chosen to use
the wafer detector as the main target due to its superior
performance in comparison to the bulk detector.

The detector is equipped with an ohmic heater (thin Au
film) to heat the TES into the operating point in the
transition and inject artificial pulses. The latter are used
to monitor the detector’s stability and response. A feedback
loop corrects changes in the measured height of the
artificial pulses via the heater in order to ensure that the
detector stays in its operating point [25].

An absolute energy calibration is obtained by a low
activity (~1 mBq) >Fe source attached to one of the walls
of the module as shown in Fig. 1. The source is covered by
a layer of glue to suppress the Auger electrons reaching the
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FIG. 1. Schematic drawing of the Si CRESST-III detector
module. In this work, we use the Si wafer detector as the main
target crystal, while the bulk Si crystal is used as a veto detector.
The crystals are equipped with TES, held by three Cu sticks,
and mounted inside a Cu housing. The 3Fe calibration source
encapsulated with concentric layers of glue and gold is attached
to the module’s wall. The drawing is not to scale.

crystal. A layer of gold is added on top of the structure to
shield the detectors from possible scintillation light created
in the glue.

III. DATA PROCESSING AND ANALYSIS

In this work, we use data from 186.9 days of measure-
ment. We first adjusted all the steps described below on the
training dataset of 29.6 days of measurement, while the
remaining data equivalent to 157.3 days was blinded. After
the analysis procedure was fixed, we applied it without
changes to the blinded dataset.

In CRESST-II, data are recorded continuously with a
sampling frequency of 25 kHz. We perform off-line
triggering after filtering the stream with an optimum filter
[26]. To calculate the optimum filter two components are
required: the typical noise power spectrum of the detector
and the expected pulse shape of particle events. The former
we calculate by averaging the noise power spectrum of a
large number of randomly selected noise traces. To obtain
the pulse template we first sum up several hundred valid
registered events from the linear range of the detector
response that extends up to 300 eV. Then we fit the result
with a well-established pulse shape model described in
Ref. [27] to fully remove noise from the template. We store
triggered events in windows with a length of 16384 data
samples corresponding to 655.36 ms for further analysis.

For this detector we set the trigger threshold to a value of
12.8 mV allowing only one noise trigger per kg-day of
exposure following the procedure described in Ref. [28]. The
procedure uses a noise trigger model to provide a value
for the threshold as a function of the expected number of
noise triggers. The expected noise trigger rate is discussed in
Sec. IV.

We use the optimum filter method for amplitude
reconstruction in the linear regime of the detector response.
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FIG. 2. Measured energy spectrum of the Si wafer detector
before the coincidence cut with the bulk detector facing the wafer
(black) and after the coincidence cut (green). The dashed orange
lines indicate the *>Mn K, (5.9 keV) and K (6.5 keV) lines from
the source used for the energy calibration. The dotted pink line
shows the Si escape line from the K, x ray at 4.16 keV. No
correction with the trigger and cut efficiencies is applied (see text
for details).

If the energy deposition in the crystal is large enough for
the TES to get close to the flat part of the superconducting
transition curve, the detector response is not linear any-
more. Therefore, the pulse shape is distorted and hence
amplitude reconstruction with the optimum filter cannot be
used anymore. For pulses outside of the linear regime, we
use a truncated template fit described, e.g., in Ref. [29].

The electron capture in the >>Fe source provides *Mn K|,
and Ky x-ray lines at 5.9 and 6.5 keV, respectively [30], used
for energy calibration. They are marked with orange lines in
Fig. 2. For a precise calibration over a wide energy range, we
use a set of artificial pulses of fixed discrete energies
extending from threshold up to 17 keV sent periodically
every 20 seconds via the Au heater. Since the amplitude of
a pulse is a measure of the energy injected to the crystal,
we use these artificial pulses to map the detector response
over the entire energy range. Additionally, this allows us to
correct possible detector response drifts over time [29].

We select valid events not caused or affected by artifacts
or detector instabilities by applying a set of quality cuts.
These cuts are based on features of the pulse shape and
baseline, and follow the objective to reject events that
deviate from the particle pulse shape. Additionally, we
exclude periods of unstable detector operation by excluding
time intervals where the height of the injected control
pulses differs from the desired value by more than two
standard deviations.

To obtain a dataset for the final DM search we apply
coincidence cuts, since a DM particle is not expected to
scatter in multiple detectors simultaneously. We remove
all pulses with a coinciding signal in any other operated
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detector module within a time window of 10 ms, all
pulses for which at least one of the muon veto panels
triggered within £5 ms. Additionally, we remove all
coincidences within a record window with the Si bulk
detector located in the same module. The final energy
spectrum of the Si detector, before and after the application
of the coincidence cut with the bulk detector, is shown in
Fig. 2 and discussed in Sec. IV.

To evaluate the probability of a valid event passing all
selection criteria described above, we applied the same
analysis scheme to 3.8 x 10° simulated events. These
events have the pulse shape of the particle template and
energies uniformly distributed between O and 300 eV
(upper limit of the linear detector response). The simulated
events are superimposed on the real data stream at
random times.

The fraction of simulated events causing a trigger is
shown in black in Fig. 3. Its flat part corresponds to a
survival fraction of (80.53 4 0.02)% where the remaining
events are lost due to the trigger dead time caused by
coincidences with heater pulses or real particle events.

The trigger efficiency decreases close to the threshold.
After removing pileups we define the energy threshold at the
level where 50% of the simulated pulses which do not fall
into the dead time are triggered (dashed line in the inset of
Fig. 3). This corresponds to 40.3% of the trigger efficiency.
The fit of an error function to the trigger efficiency results
in an energy threshold of Ey,, = (10.0 4+ 0.2) eV, a detector
baseline resolution of opp = (1.36 £ 0.05) eV, and is
shown as the orange line.

We cross-check the fitted values with alternative meth-
ods to estimate the energy threshold and resolution.
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FIG. 3. The fraction of simulated events that caused a trigger

(black) and passed all selection criteria (green). The inset shows
an enlargement of the low energy part where the trigger
probability is highly energy dependent. The solid orange line
shows the error function fit that gives an energy threshold of
(10.0 +0.2) eV (dashed black line) and baseline resolution of
(1.36 + 0.05) eV for the Si wafer detector.

We convert the nominal trigger threshold voltage value
to energy units, which gives (10.24 £+ 0.15) eV. We obtain
the baseline resolution by superimposing a noiseless pulse
template to a set of noise traces randomly collected over the
measuring time. In this case, the amplitude reconstruction
is only distorted by the baseline noise fluctuations and
thus gives a measure for the baseline resolution, i.e., the
resolution at zero energy, of (1.35 £ 0.02) eV. The latter
values agree with the ones from the error function fit
within the uncertainties and thus additionally support their
robustness.

Next, we apply the selection criteria to the triggered
simulated events to evaluate the fraction of valid pulses that
survive our analysis chain. To avoid an overestimation
of the survival probability due to misidentified events, we
remove all outliers where the reconstructed and simulated
energies differ by more than three baseline resolution
values. This selection implies that events coinciding with
a noise fluctuation higher than 3 op; are removed. This
treatment of subthreshold simulated events defines the
lower mass limit for DM search and, thus, makes the
DM results more conservative. The last explained selection
is included in the cumulative probability for a simulated
event with a given energy to be triggered and pass all the
cuts shown in Fig. 3 as the green line. Above 14 eV the
survival probability remains constant at the value of
(65.91 £0.03)%, which indicates that the cuts applied
do not introduce any significant energy dependence.

IV. OBSERVED ENERGY SPECTRUM

We obtained values for the energy threshold
Eq = (10.0 £ 0.2) eV and the detector baseline resolution
ogL = (1.36 £0.05) eV (see Sec. II). This is a large
improvement in comparison to the previous best perfor-
mance in CRESST of 30.1 eV for the threshold and 4.6 eV
for the detector resolution [7]. Moreover, this is the best
nuclear recoil energy resolution achieved with a macro-
scopic particle detector reported to date. On the one hand,
this excellent performance allows us to probe DM particles
with smaller masses. On the other hand, it opens the
possibility to extend the range for studying the LEE. In this
section, we first discuss the measured energy spectrum and
the impact of the coincidence cut with the bulk detector.
After that, we focus on the low energy part of the spectrum.

The resulting recoil energy spectrum after applying all
the steps described in Sec. III is shown in black in Fig. 2,
where several features are prominent. The spectrum is
shown without applying the trigger and cut efficiencies
that are roughly constant at the energy range above 14 eV
and thus do not change the spectral shape. With the dashed
orange lines we indicate the *Mn K, 5.9 keV and Kj

6.5 keV lines from the >Fe source used for the energy
calibration. The Si escape line from the K, x ray is shown
with the dotted pink line. This process occurs when an x ray
from the calibration source excites a Si atom in the target
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crystal and the Si x ray escapes the detector. Thus, the
expected energy deposition is 4.16 keV, which corresponds
to the difference between the K, energy from the source
and the Si x ray (1.74 keV). We measure this line at
(4.18 £0.02) keV, which is in agreement with the
expected value and provides a cross-check for the calibra-
tion procedure at lower energies. This line is significantly
reduced after removing the events that have a coinciding
energy deposition in the bulk detector facing the wafer.
This is expected due to a high probability of catching the
escaping Si x ray with the bulk detector. The Si x-ray line
cannot be found in the energy spectrum of the wafer
detector because the source is not positioned in the center of
the gap between the wafer and bulk crystals (see Fig. 1)
and thus the solid angles covered by the two crystal sides
facing each other are significantly different (confirmed
by simulations). Furthermore, we observe a peak structure
in the energy spectrum after the coincidence cut at
(24 +0.1) keV. This energy value suggests a scenario
where two Si x rays escape the crystal after a >>Mn K, x ray
is absorbed by the wafer with the expected remaining
energy deposition to the crystal of 2.42 keV. Simulation
studies are ongoing to clarify whether such process could
be possible, e.g., at the edges of the wafer or on rough
surfaces. Although the origin of this structure remains
under investigation, its presence does not affect the results
presented in this work since it appears far beyond the region
of interest of our studies.

The coincidence cut also removes the background events
originating from contaminations of crystal surfaces and
events introduced by the presence of the calibration source
in the module. In the energy range of (0.5-2) keV a
significant reduction of the event rate, by (76 +5)%, is
observed. To understand the observed coincident events
that originate from the calibration source, we performed
a Monte Carlo simulation with the source placed inside
the module as shown in Fig. 1. For this we used the
ImpCRESST physics simulation code [31,32] based on
GEANT4 [33-35] version 10.06 patch 3. The results suggest
that a large share of coinciding events is expected to stem
from multiple scattering processes of calibration source x
rays. This is supported by the results from an AL, O;
detector operated with a removable 3Fe source described
in [36]. We assume that the rest of the events removed by
the coincidence cut are radioactive backgrounds accumu-
lated on the crystal surfaces.

Another prominent feature in the energy spectrum
(Fig. 2) is the sharp increase of the event rate below
300 eV. This observation was first made in CRESST-1II [7]
when the energy threshold was lowered to 30 eV. Since
then we have observed this feature in all low-threshold
CRESST-III detector modules with different target materi-
als and geometries. A detailed investigation of the LEE
based on the measurements from the recent CRESST-III
data-taking campaign (including the data discussed in

this work) is presented in Ref. [10]. Even though the
origin of those events so far remains unknown, DM
interactions as well as intrinsic and external radioactive
backgrounds as a major contribution to the LEE are
excluded [10]. The coincidence cut with the bulk detector
removes only a negligible (0.9 +0.5)% share of events
below 300 eV and therefore we can exclude the crystal-
surface background as dominant origin of the LEE.
Additionally, in contrast to the previous CRESST-II
module design [7], no scintillating materials are present
in the detector module discussed in this work. Thus we also
rule out the scintillation light as a significant contribution to
the LEE. The observed increase of the LEE rate after
warming up the cryostat to 60 K reported in Ref. [10]
suggests a large impact of solid state physics effects
activated in the target crystals or their interfaces with the
holding structures or TES.

We show the energy spectrum after cuts below 300 eV
converted to rate by taking into account the trigger and
cut efficiencies as black data points in Fig. 4. The error
bars represent the statistical uncertainties. Similarly to the
procedure described in Ref. [28], we apply the optimum
filter to the set of baseline traces randomly collected from
the data stream and derive the expected distribution of the

g 3 ¢ Data for DM search
10" E & —— Fit: AE“+ BE”
g £ DM model 0.3 GeV/c?, 143.3 pb
10" E T DM model 0.5 GeV/c?, 4.6 pb
= E L meeeees Measured baseline triggers
3 10° & —— Noise triggers
o o | Baseline triggers (inverted stream)
< 10°E
> E
S 0k
Z £
3 10°F
O £
10° F
10° | +

2x1072 107
Energy (keV)

5x10° 1072

FIG. 4. The energy spectrum (black data points) below 300 eV
after applying the selection cuts for the DM analysis taking into
account the trigger and cut efficiencies. It exhibits a strong rise in
the event rate towards lower energies, the LEE. We fit the LEE
with the sum of two power laws [Eq. (1), orange line]. The dashed
green line shows the distribution of the baseline triggers derived
from analyzing the randomly collected frames (see text for
details). The solid green line shows the distribution of the noise
triggers. A gap between this distribution and the data rules out
noise triggers as the source of the LEE. The yellow histogram
shows the distribution obtained from applying the optimum filter
to the inverted data stream perfectly agreeing with the noise
trigger distribution. Additionally, the differential energy spectra
for two DM masses, 0.3 GeV/c? (pink) and 0.5 GeV/c? (blue),
expected for interaction cross sections excluded with 90% CL in
this work (red limit line in Fig. 5) are shown.
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energies of these baseline triggers shown as the dashed
green line in Fig. 4. The right shoulder of this distribution
matches the energy spectrum measured close to threshold
very well. We expect this effect, as many of the randomly
collected baselines are in coincidence with small pulses
from the LEE. To account for the contribution from small,
polluting pulses we extended the baseline trigger model
described in Ref. [28] with an exponentially distributed
pollution component associated with the LEE.

The remaining Gaussian component of the baseline
trigger model forms the detector noise distribution and is
shown with the solid green line. We use it to apply the
threshold determination method described in Ref. [28] to
allow only one noise trigger per kg-day of exposure. It
leads to a rather conservative threshold at the level of
7.35 op1.- As can be seen in Fig. 4, the contribution of the
noise triggers to the LEE rate above threshold is negligible.

As an additional confirmation of our noise trigger
spectrum, we apply the optimum filter to the voltage-
inverted data stream. Since the trigger algorithm only
searches for positive voltage signals and real temperature
variations are always positive, any detector signal is not
found anymore after the inversion. Only noise signals
fluctuate symmetrically in both positive and negative
direction and, hence, only they are picked up by the
algorithm and are the sole contribution to the energy
spectrum of the inverted stream. These upward fluctuations
found in the inverted data stream are shown as the yellow
histogram in Fig. 4. This distribution was scaled with the
exposure of the inverted data and thus its agreement with
the solid green line confirms the validity of the noise
trigger model.

To enable a quantitative comparison of the shape of the
observed excesses among different detectors and experi-
ments [22], we introduce a fit function for the low-energy
data. This function does not have an immediate physical
motivation and only describes the spectrum in the energy
region relevant to the LEE. It is defined as a sum of two
power-law functions’

f(E) = AE~® + BE/, (1)

where E is the energy and A, B, a, j are free fit parameters.
Table I details the values obtained using a y? fit to the
binned spectrum below 300 eV. The fit is shown as the
orange line in Fig. 4.

V. DARK MATTER RESULTS

We conservatively consider all events that survived the
selection criteria described in Sec. III with £ > E, to be
potential DM signals originating from elastic DM-nucleus

'The fit function we chose differs from the one described in
Ref. [37]. We do not include an exponential component since we
have excluded noise triggers from the data as shown above.

TABLE I. The values of the free fit parameters obtained from a
x? fit of Eq. (1) to the spectrum shown in Fig. 4. While the fitting
function describes the shape of the LEE well, we do not associate
a physical meaning with it. It provides a means of comparison
with other experiments exhibiting excesses at low energies.

Fit parameter Value

A (7.6 +2.0) x 1072(keV{=% . kg - day)~!
a 5.02 +0.06

B (7.2 £ 1.5) x 10*(keV(-#) . kg - day)~!
p 2.22+0.09

scattering (black data points in Fig. 4). The gross exposure
of the blind dataset used for the DM search is 55.06 g-day.
Since the precise estimation of the trigger and cut survival
probability can only be performed for the linear range of
the detector response below 300 eV, we exclude events
outside this range from the DM search. The spectrum of the
resulting region of interest is shown in black in Fig. 4.

For each DM mass the expected differential energy
spectrum can be calculated under the assumptions of the
standard DM halo model [38]: a local DM mass density
pom = 0.3 (GeV/c?)/em? [39], a Maxwellian velocity
distribution with an asymptotic velocity vo = 220 km/s
[40], and a galactic escape velocity v.,. = 544 km/s [41].
In case DM particles with a given mass interact with the
detector material this expected recoil energy spectrum
would be observed with distortions from the finite energy
resolution of the detector, the trigger algorithm, and
analysis chain. We estimate this cumulative effect from
the simulations described in Sec. III. Thus, we can calculate
how an energy spectrum for a given DM mass would look
when measured by our detector.

Figure 5 shows the 90% confidence level upper limit
on the spin-independent elastic DM-nucleon scattering
cross section for DM particles with masses from 0.115—
0.5 GeV/c? obtained with Yellin’s optimum interval algo-
rithm [42,43]. Reference [44] contains the corresponding
data points for the limit line. With the use of the Si wafer
detector, CRESST-III improves the existing limits for DM
masses from 130-165 MeV/c? by a factor of up to 20
compared to previous results. The sensitivity to DM with
masses above 165 MeV/c? is suppressed compared to the
previous CRESST-III DM search with a CaWQ, crystal
from 2019 due to the higher LEE rate per kg-day and the
lower exposure. For high interaction cross sections,
the detector is shielded from DM by the atmosphere and
the rock overburden. A conservative estimation of the
maximal cross section that can be probed in a deep
underground laboratory, such as LNGS, is calculated in
Ref. [45]. Furthermore, we estimate the influence of the
shielding in LNGS using the VERNE package [46,47]. Both
estimations give an upper boundary for the spin-indepen-
dent cross section of O(10° pb). Thus, the new parameter
space explored in this work is expected to be accessible in
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FIG. 5. Upper limit on the elastic spin-independent DM-
nucleon scattering cross section at 90% confidence level. The
thick solid red line shows the result of this work obtained with a
Si detector [44]. The previous CRESST-III result from a CaWO,
crystal operated underground [7] is depicted with the darker red
solid line. Constraints obtained by the solid-state cryogenic
detectors operated above ground are shown by dashed lines:
dark red for CRESST-surf with an Al,O; target [48], green for
SuperCDMS-CPD [16], and blue for SuperCDMS-0VeV [18],
the latter two operating a Si target. Results of hydrogenated
organic scintillators by J. 1. Collar [49] are shown as the dash-
dotted gray line.

the LNGS deep underground laboratory, and not blocked
by Earth shielding.

Using the standard DM halo model described above
we calculate the expected differential energy spectra for
two DM masses, 0.3 GeV/c? and 0.5 GeV/c?, which are
exemplarily shown as the pink and blue line, respectively,
in Fig. 4. For this, we assumed the cross sections for both
DM masses at the limits set in this work.

Additionally, using Si as a target material opens an
opportunity to exploit the 2°Si isotope to probe the spin-
dependent interaction of DM with nucleons. We calculated
the upper limit on spin-dependent DM interaction with
protons and neutrons following the procedure described in
Ref. [9] and assuming the nuclear spin structure determined
in Ref. [50]. The result did not yield an improvement
of existing limits on this interaction channel due to the
relatively low abundance of 4.6% of the *Si isotope, we
will therefore not discuss them in more detail in this work.

VI. CONCLUSION

In this work, we have presented the results of a
Si detector module of the CRESST-III experiment
consisting of a thin wafer, the target, and a larger bulk
detector. It features an excellent energy resolution
of op = (1.36 £0.05) eV and corresponding energy
threshold of Ey,=(10.0£0.2)eV, set at 7.35 op level.
We have probed spin-independent DM-nucleus elastic
scattering with DM masses from 115 to 500 MeV/c?.
For DM masses below 160 MeV/c?> we improved the
existing limits by up to a factor of 20.

The sensitivity of the detector was limited by a sharply
rising excess of events at low energies, the LEE. In
this work, we have excluded surface backgrounds as a
dominant source of this excess by showing that the
low energy event rate is not reduced by removing coinci-
dences between the target wafer and the bulk detector.
Furthermore, we have shown that noise trigger contribu-
tions to the excess are negligible. All the knowledge gained
so far in CRESST points to the importance of solid-state
physics aspects for the LEE. Therefore, the main focus of
the currently on-going studies is to investigate the influence
of the material properties of the detector components, the
crystal interfaces with holding structures and sensors, and
the orientation of the crystal axes on the LEE. In addition,
new detector module designs with reduced external stress
on the target crystal are being developed and tested.
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