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Figure 3: Current status of searches for spin-independent elastic WIMP-nucleus scattering assuming the standard
parameters for an isothermal WIMP halo: ⇢0 = 0.3GeV/cm

3, v0 = 220 km/ s, vesc = 544 km/ s. Results
labelled "M" were obtained assuming the Migdal effect [131]. Results labelled "Surf" are from experiments
not operated underground. The ⌫-floor shown here for a Ge target is a discovery limit defined as the cross
section �d at which a given experiment has a 90% probability to detect a WIMP with a scattering cross sec-
tion � > �d at �3 sigma. It is computed using the assumptions and the methodology described in [151, 153],
however, it has been extended to very low DM mass range by assuming an unrealistic 1meV threshold below
0.8GeV/c

2. Shown are results from CDEX [155], CDMSLite [156], COSINE-100 [157], CRESST [158, 159],
DAMA/LIBRA [160] (contours from [161]), DAMIC [162], DarkSide-50 [163, 164], DEAP-3600 [144], EDEL-
WEISS [165,166], LUX [167,168], NEWS-G [169], PandaX-II [170], SuperCDMS [171], XENON100 [172] and
XENON1T [41, 173–175].

Bubble chambers filled with targets containing 19F have the highest sensitivity to spin-dependent
WIMP-proton couplings. The best limit to date is from PICO-60 using a 52 kg C3F8 target [176]. At
lower WIMP mass, between 2GeV/c

2 and 4GeV/c
2, the best constraints come from PICASSO (3.0 kg

of C4F10 [177]). CRESST used crystals containing lithium to probe spin-dependent DM-proton interac-
tions down to DM mass of ⇠800MeV/c

2 [178]. The strongest constraints on spin-dependent WIMP-
neutron scattering above ⇠3GeV/c

2 are placed by the LXe TPCs with the most sensitive result to-date
coming from XENON1T [41,179]. The results from the cryogenic bolometers (Super)CDMS [180,181]
and CRESST give the strongest constraints below ⇠3GeV/c

2. CDMSLite [182] uses the Neganov-
Trofimov-Luke effect to constrain spin-dependent WIMP-proton/neutron interactions down to m� =
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2 and CRESST-III [159] exploits the presence of the isotope 17O in the CaWO4 target to

constrain spin-dependent WIMP-neutron interactions for DM particle’s mass as low as 160MeV/c
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Exploiting the Migdal effect again significantly enhances the sensitivity of LXe TPCs to low-mass DM
with XENON1T providing the most stringent exclusion limits for both, spin-dependent WIMP-proton
and WIMP-neutron couplings between 80MeV/c
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not operated underground. The ⌫-floor shown here for a Ge target is a discovery limit defined as the cross
section �d at which a given experiment has a 90% probability to detect a WIMP with a scattering cross sec-
tion � > �d at �3 sigma. It is computed using the assumptions and the methodology described in [151, 153],
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P. Adari, et al.: EXCESS workshop: Descriptions of rising low-energy spectra SciPost Phys. Proc. 9 (2022) 001 + BULLKID 2023

Not understood excess background rising at low energies:
• Phonon bursts (crystal-support friction) ?
• Lattice relaxations after cool down?
• Phonon leakage from interactions in the supports?
• Neutrons (cosmic ray induced, radioactivity) ? RE
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State of the art of phonon detection  
(CRESST/NUCLEUS experiments)
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Figure11:ConstantvoltagebiasingofaTES(left).TemperaturedependenceoftheTESresistivity
atTc(right)

electricalleadsusedfortheread-out;nowadays,microelectronicplanartechnologiesandsilicon
micro-machiningareusedtosuspendthesensorsonthinsiliconnitridemembranesorthinsili-
conbeams.Thermistorsareread-outinaconstantcurrentbiasingconfigurationwhichallowsto
convertthethermalsignal∆Tinavoltagesignal∆V(Fig.10).Becauseoftheirhighimpedance,
thermistorsarebestmatchedtoJFETs.Semiconductorthermistorpresentfewdrawbacks.First
ofalltheirhighimpedancerequirestheJFETfrontendtobeplacedascloseaspossible–cen-
timeters–tothedevicestominimizemicrophonicnoise,andbandwidthlimitationsduetosignal
integrationonparasiticelectricalcapacitance.SincecommonlyusedsiliconJFETmustoperate
attemperaturesnotlowerthanabout110K,thisbecomesquicklyatechnicalchallengewhenin-
creasingthenumberofdetectors.Secondly,ithasbeenexperimentallyobservedthatconductivity
ofsemiconductorthermistorsdeviatesfromlinearityatlowtemperatures[74,75].Thedeviationis
understoodintermsofafinitethermalcouplingbetweenelectronsandphonons,whosesideeffect
istointrinsicallylimitthesignalrisetimestohundredsofmicrosecondsfortemperaturesbelow
0.1K.Semiconductorsarenowanestablishedandrobusttechnology,andarraysofmicrocalorime-
tersbasedonthesedeviceshavebeenwidelyusedforX-rayspectroscopy[60]achievingenergy
resolutionslowerthan5eVwithtinorHgTeabsorbers.

Superconductingtransitionedgesensors(TESs).TESarealsoresistivedevicesmadeoutofthin
filmsofsuperconductingmaterialswhoseresistivitychangessharplyfrom0toafinitevalueinavery
narrowtemperatureintervalaroundthecriticaltemperatureTc(Fig.11).Thesuperconducting
materialcanbeanelementalsuperconductor(suchastungstenoriridium),althoughitismoreoften
abilayermadeofanormalmetalandasuperconductor.Withbilayers,theTcofthesuperconductor
isreducedbytheproximityeffectandcanbecontrolledbyadjustingtherelativethicknessesof
thetwolayers.CommonmaterialcombinationsusedtofabricateTESbilayerwithaTcbetween
0.05and0.1KareMo/Au,Mo/Cu,Ti/AuorIr/Au.TESfabricationexploitsstandardthin
filmdepositiontechniques,photolithographicpatterning,andmicro-machining.Sensorscanbe
designedtohave,attheoperatingpoint,asensitivityAashighas1000andaresistanceusually
lessthan1Ω.ThemostcommonwaystoisolateTESmicrocalorimetersfromtheheatsinkare
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The CaWO4 crystals have transition temperatures < 21 mK.

16.05.22 NUCLEUS (V. Wagner) 7

ü 18 CaWO4 crystals equipped with W-TES have been tested:              
sensitive TES has low transition temperature due to DT = DE/C(T)

Transition of W-TES

First 9 CaWO4 detector

5mm

More details by N. Schermer et al., NEUTRINO 2022 poster

W-TES

Superconducting thermometers (TES)

Pro:  record-low energy threshold ~ 20 eVLimitation: individual readout

Future experiments point to kg targets (100÷1000 crystals) 
challenging with this technology

 

5 mm

The NUCLEUS concept combines several cryogenic                  
detectors to a fiducial volume detector.

16.05.22 NUCLEUS (V. Wagner) 8

Target crystals: 
Two 3x3 arrays with a 
total mass of 
6g (CaWO4) + 4g (Al2O3)

Inner veto: TES-instrumented holder 
to reject surface backgrounds and 
holder-related events 

Germanium outer veto
for active g/n background 
rejection

Si wafer 
+ W-TES

Holding plates 
with electrical & 
thermal contacts

Si mock-up

minimize the computing time and is then transformed back
to the time domain. The result is normalized so that it
reproduces the unfiltered pulse height at the pulse’s
maximum (see Fig. 6, left). The energy reconstruction
by the optimum filter agrees with that of the truncated
template fit on a 1% level in the linear region (up to 600 eV)
and deviates significantly above as expected due to a
different pulse shape caused by saturation (see Fig. 4,
inset). Below the truncation limit, a maximal deviation of
2.8% is observed which is considered as systematic error of
the energy calibration. The baseline energy resolution
after filtering is found to be σb ¼ ð3.74# 0.21Þ eV. This
compares to a value of ð6.42# 0.92Þ eV without
filtering, showing a clear improvement (see Fig. 6, right).
Accordingly, this effect reduces the energy threshold. This
improvement can be exploited using a data acquisition
system which continuously streams the detector output, so
that the pulse triggering can be done in postprocessing,
when signal and noise power spectra are known.
The functionality of such a software trigger based on the

optimum filter is illustrated in Fig. 7. A small artificial
pulse is superimposed on a randomly selected baseline
sample, drawn in the upper frame. The lower frame shows

the optimum filter output. The artificially added pulse
clearly is seen above a given threshold (dotted line), while
the random noise, which has a different pulse shape, is
suppressed.
In the following we discuss how the energy threshold

and the trigger efficiency can be determined in a direct way.
Generally speaking, the threshold on the output of the
optimum filter has to be chosen so as to be sensitive to the
smallest possible energy depositions, while at the same
time suppressing noise triggers sufficiently. Figure 8 (histo-
gram, right axis) shows the filter output of a set of pure
noise samples. In contrast to the determination of the
baseline noise (see above), the pulse position (in time) is
not fixed but the algorithm runs over the noise trace and
returns the maximal filter output. This explains the positive
average reconstructed energy. The bulk of the noise
samples has a reconstructed energy between 10 and
15 eV with a tail up to ∼19 eV. Most probably the latter
is due to small pulses on the noise samples which cannot by
identified by data-quality cuts selecting the noise samples.
This effect is enhanced due to the exponentially increasing
rate towards threshold in this calibration measurement. It is
reasonable to set the trigger threshold just above this
assumed noise population.
We choose a trigger threshold of 13.0 mV and validate

this choice by a study of the trigger efficiency as a function
of energy. Onto the set of baseline samples, template pulses
of various discrete pulse heights (from about 1 to 10 · σb)
are added. The energy-dependent trigger efficiency is the
fraction of the filtered artificial pulse samples which fall
above the threshold. Figure 8 (left axis) shows the results of
this procedure for the discrete pulse heights (crosses). The
resulting curve can be nicely fitted by the function
ptrigðEÞ ¼ 0.5 · ð1þ erf½ðE − EthÞ=ð

ffiffiffi
2

p
σthÞ', where erf is

the Gaussian error function [11]. The validity of the
threshold choice manifests itself as a vanishing trigger

OFM
=(3.74±0.21)eV

TTF
=(6.41±0.92)eV
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FIG. 6. Left: Pulse sample and optimum filter output in the time
domain. Right: Comparison of the baseline noise derived by the
TTF (black histogram) and the OFM (red dots). Gaussian fits to
the data are shown.
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FIG. 7. Demonstration of the optimum trigger. Upper plot: A
19.7 eV standard pulse is superimposed on a randomly chosen
noise sample (onset at sample 2000). Lower plot: Output of the
optimum filter applied to the sample. The pulse is clearly
triggered while noise contributions are suppressed sufficiently
below threshold, which is set at a pulse height of 13.0 mV
(see the text).

FIG. 8. Determination of the trigger threshold. Randomly
chosen noise samples are superimposed with template pulses
of different discrete energies (red crosses). The optimum trigger is
applied to these samples yielding the energy-dependent trigger
efficiency (left y axis). The data are fitted by an error function,
giving an energy threshold of Eth ¼ ð19.7# 0.1Þ eV for 50%
efficiency. The width σth ¼ ð3.82# 0.15Þ eV is in agreement
with the variance of the baseline noise. The reconstructed energy
of pure noise samples after filtering is shown in a histogram
(black, right y axis).

GRAM-SCALE CRYOGENIC CALORIMETERS FOR RARE- … PHYSICAL REVIEW D 96, 022009 (2017)

022009-5

R. Strauss, et al 
Phys. Rev. D 96, 
022009 (2017)
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Additional layers of shielding materials and an active muon veto further reduce 
backgrounds.
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Talk: “Background modeling and simulation of calibration source for 
the dark matter search experiment CRESST”  by Samir Banik (Tue)

Talk: “Extension of the Geant4 based Electromagnetic Background 
Model of CRESST-II and CRESST-III”  by Jens Burkhart (Tue)

Poster: “Geant4 simulations of the influence of contamination and 

roughness of the detector surface on background spectra in CRESST”  

by Christoph Gruner

A detailed Geant4-based 
background model is continuously 
adapted and improved.

CRESST Experiment @LNGS

CaWO4 crystals (30-300g)  operated as bolometers (phonon detectors):
1) detect also scintillation light to discriminate nuclear recoils
2) Multi-target: sensitive to different WIMP masses:

6

06.09.2011 Results from 730 kg days of the CRESST-II Dark Matter Search                                                     
Federica Petricca on behalf of the CRESST collaboration
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� Target crystals operated as 
cryogenic calorimeters (~10mK)
� energy deposition in the crystal:
o mainly phonons

• temperature rise detected with                 
W-thermometers

• measurement of deposited energy  
(sub keV resolution at low energy)

o small fraction into scintillation light

� Separate cryogenic light detector 
to detect the light signal

06.09.2011 Results from 730 kg days of the CRESST-II Dark Matter Search                                                     
Federica Petricca on behalf of the CRESST collaboration
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Detector module:
�Simultaneous measurement of:

odeposited energy E in the crystal   
(independent of the type of particle)
oscintillation light L 
(characteristic of the type of particle)

� Target crystals operated as 
cryogenic calorimeters (~10mK)
� energy deposition in the crystal:
o mainly phonons

• temperature rise detected with                 
W-thermometers

• measurement of deposited energy  
(sub keV resolution at low energy)

o small fraction into scintillation light

� Separate cryogenic light detector 
to detect the light signal
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In order to obtain a dark matter exclusion limit, we need
to know what the expected dark matter signal looks like
after triggering, energy reconstruction, and event selection.
We simulate this by injecting artificial pulses into the
continuous stream that follow the pulse height distribution
of the expected recoil spectrum for each dark matter
particle mass (the dark matter model will be discussed
in Sec. V). This method automatically includes all relevant
aspects, in particular, triggering efficiency and energy
resolution, thus resulting in a dark matter recoil spectrum
as it would be seen by our detector. It should be explicitly
noted that this newly implemented method overcomes the
necessity of an analytic modeling of the detector response,
in particular, of the finite energy resolution. This repre-
sents a simplification in the extraction of dark matter
results from the data, but above all, it avoids uncertainties
introduced by the model of the detector response
and/or the determination of the efficiencies of the analysis
pipeline.
To save computation time we perform only one simu-

lation, with a uniform energy distribution from 0 keV–
20 keV, and re-weigh each simulated event according to the
expected recoil spectrum for a specific dark matter particle
mass. We reject simulated events whose reconstructed
energies differ by more than 2 standard deviations from
the injected or simulated energies. This criterion defends
against the impact of single outliers caused by pileup of a
simulated event with a real particle event. Such a pileup
may result in an overestimate of the survival probability of
very small energy deposits.

IV. DARK MATTER DATA SET

The data used for dark matter analysis were taken
between October 2016 and January 2018. The gross
exposure before cuts is 5.6 kg days. We ensure the
robustness of our dark matter results by not making use
of subthreshold energies, i.e., energies below 30.1 eV,
where the trigger efficiency is 50%.

A. Light yield

Figure 5 shows the dark matter data in the light yield
versus energy plane after application of all the cuts
described before. In accordance with Fig. 3, the blue,
red, and green bands correspond to β=γ-events and nuclear
recoils off oxygen and tungsten, respectively. The red
dashed line depicts the mean of the oxygen band, which
also marks the upper boundary of the acceptance region,
shaded in yellow. The lower bound of the acceptance region
is the 99.5% lower boundary of the tungsten band; its
energy span is from the threshold of 30.1 eV to 16.0 keV.
Events in the acceptance region (highlighted in red) are
treated as potential dark matter candidate events. We
restrict the energy range to 16 keV for this analysis since
for higher energies the energy reconstruction cannot be
based on the optimum filter method due to saturation
effects. This choice, however, hardly affects the sensitivity
for the low dark matter particle masses of interest. The
choice for the acceptance region was fixed a priori before

FIG. 5. Light yield versus energy of events in the dark matter
data set, after selection criteria are applied (see Sec. III D). The
blue band indicates the 90% upper and lower boundaries of the
β=γ-band; red and green show the same for oxygen and tungsten,
respectively. The yellow area denotes the acceptance region
reaching from the mean of the oxygen band (red dashed line)
down to the 99.5% lower boundary of the tungsten band. Events
in the acceptance region are highlighted in red. The position
of the bands is extracted from the neutron calibration data as
shown in Fig. 3. A zoom to the low-energy region is given in
Appendix A 2.

FIG. 4. Efficiency obtained from simulated events and defined
as the probability for a valid signal event to be triggered (light
gray) and pass the selection criteria (dark gray) as a function of
injected (simulated) energy. The red line is a fit of the threshold
with an error function, confirming the claimed value of 30.1 eV.
The vertical dashed line indicates the limit of linear detector
response at 2.5 keV.

A. H. ABDELHAMEED et al. PHYS. REV. D 100, 102002 (2019)
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unblinding the data. We do not include the full oxygen
recoil band in the acceptance region because the gain in
expected signal is too small to compensate for the increased
background leakage from the β=γ-band.

B. Energy spectrum

The corresponding energy spectrum is shown in Fig. 6
with events in the acceptance region highlighted in red.
In both Figs. 5 and 6, event populations at 2.6 keV and
∼11 keV are visible. These originate from cosmogenic
activation of the detector material and subsequent electron
capture decays:

182Wþ p → 179Taþ α; 179Ta⟶
EC 179Hf þ γ:

The latter decay has a half-life of 665 days, which
implies a decreasing rate over the course of the measure-
ment after initial exposure of the detector material. The
energies of the lines correspond to the L1 and M1 shell
binding energies of 179Hf with literature values of EM1

¼
2.60 keV and EL1

¼ 11.27 keV, respectively [19]. An
M1=L1 ratio of ∼0.285 was measured, which is in good
agreement with the literature value of 0.281 [19]. As
already mentioned in Sec. III A, the clearly identifiable
11.27 keV line was used to fine-adjust the energy scale and
therefore to give accurate energy information in the relevant
low-energy regime. These features were already observed
in CRESST-II [16,20]. Additionally, a population of events
at ∼540 eV is visible, which hints at electron capture (EC)
decays from the N1 shell of 179Hf with a literature value of
EN1

¼ 538 eV [19]. However, the expected N1=M1 inten-
sity ratio of 0.27 [19] suggests that only 2–3 events can be
explained by this decay. The energy is also compatible with

Kα;1 and Kα;2 lines of oxygen (∼525 eV), which is a main
component of the detector material and also abundant in the
reflective foil.
The background rate in the energy range from 1 to 16 keV

is 5.1 counts=ðkeV kg dayÞ subtracting the aforementioned
gamma lines and is 6.63 counts=ðkeV kg dayÞwhen includ-
ing them. This value is almost 2 times higher than the best
achieved background level of 3.51 counts=ðkeV kg dayÞ
(for [1–40] keV) [16]. While this discrepancy is not fully
understood, a recent Monte Carlo simulation of the β=γ-
background in CRESST [21] indicates that a substantial
fraction of the remaining background has its origin in the
CaWO4 crystal itself.
Following the analysis of [4] we expect a neutron

background of ≪1 count for the given detector; however,
a more credible figure may only be provided by a currently
ongoing neutron Monte Carlo simulation. For the given
detector, all events in the acceptance region that are flagged
by the iStick veto are also removed by the quality and RMS
cuts on the phonon and light channel due to their different
pulse shape. The stick-holding scheme has proven to be
extremely effective, vetoing any surface-related events
(see [22]); thus we neither expect degraded alphas nor
Pb-recoil events in the analyzed energy range.
Below 200 eV, an excess of events above the flat

background is visible, which appears to be exponential
in shape. Due to decreasing discrimination at low energies,
it cannot be determined whether this rise is caused by
nuclear recoils or β=γ events (see Figs. 5 and 6). It should
be emphasized that noise triggers are not an explanation for
this excess, as it extends too far above the threshold of
30.1 eV. According to the definition of the trigger condition
in Sec. II D, the expected number of noise triggers for the
full data set would be around 3.6. We observe an excess of
events at lowest energies in all CRESST-III detector
modules with thresholds below 100 eV; the shape of this
excess varies for different modules, which argues against a
single common origin of this effect. No clustering of events
in time from the excess populations is observed.

V. RESULTS

We use the Yellin optimum interval algorithm [23,24] to
extract an upper limit on the dark matter-nucleus scattering
cross section. In accordancewith this method, we consider all
441 events inside the acceptance region to be potential dark
matter interactions; no background subtraction is performed.
The anticipated dark matter spectrum follows the stan-

dard halo model [25] with a local dark matter density of
ρDM ¼ 0.3 ðGeV=c2Þ=cm3, an asymptotic velocity of v⊙ ¼
220 km=s, and an escape velocity of vesc ¼ 544 km=s.
Form factors, which are hardly relevant given the low
transferred momenta here, follow the model of Helm [26]
in the parametrization of Lewin and Smith [27].
The result of the present analysis on elastic scattering of

dark matter particles off nuclei is depicted in solid red in

FIG. 6. Energy spectrum of the dark matter data set with lines
visible at 2.6 keV and 11.27 keV originating from cosmogenic
activation of 182W [16]. Gray is for all events; red is for events in
the acceptance region (see Fig. 5).
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Fig. 7 in comparison to the previous CRESST-II exclusion
limit in dashed red and results from other experiments (see
caption and legend of Fig. 7 for details). The red dotted line
corresponds to a surface measurement with a 0.5 g Al2O3

crystal achieving a threshold of 19.7 eV using CRESST
technology [28].
The sensitivity of the analyzed detector module A is

limited by the observed exponential background for masses
lower than 7 GeV=c2. The other detector modules either
show a similar background or do not reach the required
thresholds to unambiguously observe it, leading to less
stringent limits.
The improvement in the achieved nuclear recoil thresh-

old, in the respectively best performing detectors, from
0.3 keV for CRESST-II to 30.1 eV for CRESST-III, yields a
factor of more than 3 in terms of reach for low masses,

down to 0.16 GeV=c2. At 0.5 GeV=c2 we improve existing
limits by a factor of 6 (30) compared to NEWS-G
(CRESST-II). In the range ð0.5–1.8Þ GeV=c2 we match
or exceed the previously leading limit from CRESST-II.

VI. CONCLUSION

In this article, we report newly implemented data
processing methods, featuring, in particular, the optimum
filter technique for software triggering and energy
reconstruction. This allows one to make full use of the
data down to threshold. The best detector operated in the
first run of CRESST-III (05/2016–02/2018) achieves a
threshold as low as 30.1 eV and was, therefore, chosen
for the analysis presented.
In comparison to previous CRESST measurements, an

indication of a γ-line at approximately 540 eV could be
observed. The reappearance of known lines corroborates
the analysis of background components outlined in [16], as
well as the energy calibration in this work.
At energies below 200 eV we observe a rising event rate

which is incompatible with a flat background assumption
and seems to point to a so-far unknown contribution.
Recently, dedicated hardware tests with upgraded detector
modules were underway to illuminate its origin.
We present exclusion limits on elastic dark matter

particle-nucleus scattering, probing dark matter particle
masses below 0.5 GeV=c2 and down to 0.16 GeV=c2.
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APPENDIX A: SPIN-DEPENDENT SCATTERING,
DATA QUALITY CHECKS, SYSTEMATIC

UNCERTAINTIES

1. Results on spin-dependent interactions

In this article we present first results of CRESST-III on
spin-independent elastic dark matter-nucleus scattering.
However, it deserves to be noted that the isotope 17O
yields sensitivity for spin-dependent neutron-only inter-
actions. The theoretical framework, as well as the calcu-
lation of the expected rate, exactly follows [48]; thus, just
the result is given here. Compared to [48] the nuclear spin
value (J ¼ þ5=2), the atomic mass number (A ¼ 17), and
the spin matrix element (hSni ¼ 0.5) [49,50] are adjusted.
We assume the 17O content to follow the minimal natural
abundance of 0.0367% [51] which results in a gross
17O exposure of only 0.46 g days. Following [52] and
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FIG. 7. Experimental results on elastic, spin-independent, dark
matter-nucleus scattering depicted in the cross section versus dark
matter particle mass plane. If not specified explicitly, results are
reported with 90% confidence level (C.L.). The result of this
work is depicted in solid red with the most stringent limit between
masses of ð0.16–1.8Þ GeV=c2. The previous CRESST-II result is
depicted in dashed red [29]; the red dotted line corresponds to a
surface measurement performed with a gram-scale Al2O3 de-
tector [28]. We use color coding to group the experimental
results: green for exclusion limits (CDEX-10 [30], CDMSlite
[31], DAMIC [32], EDELWEISS [33,34], SuperCDMS [35]) and
positive evidence [CDMS-Si (90% C.L.) [35], CoGeNT
(99% C.L.) [36]) obtained with solid state detectors based on
silicon or germanium, blue for liquid noble gas experiments
based on argon or xenon (DarkSide [37], LUX [38,39], Panda-X
[40], Xenon100 [41], Xenon1t [42]), violet for COSINE-100
(NaI) [43], black for Collar (H) [44], magenta for the gaseous
spherical proportional counter NEWS-G (Neþ CH4) [45], and
cyan for the super-heated bubble chamber experiment PICO
(C3F8) [46]. The gray region marks the so-called neutrino floor
calculated for CaWO4 in [47].

A. H. ABDELHAMEED et al. PHYS. REV. D 100, 102002 (2019)
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CRESST Silicon wafer (2022)
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Si wafer detector: energy threshold of 10 eV extends sensitivity to DM particles 

with the mass down to 115 MeV/c2. 
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Thin wafer detector is a target 

Bulky detector is a veto to remove coincidence events. 
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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 e�ciencies. 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 distribu-
tion obtained from applying the optimum filter to the inverted
data stream perfectly agreeing with the noise trigger distribu-
tion. Additionally, the di↵erential energy spectra for two DM
masses, 0.3GeV/c2 (pink) and 0.5GeV/c2 (blue), expected
for interaction cross sections excluded with 90% C.L. in this
work (red limit line in Fig. 5) are shown.

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 be-
cause 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 di↵erent (confirmed
by simulations). Furthermore, we observe a peak struc-
ture in the energy spectrum after the coincidence cut at
(2.4± 0.1) keV. This energy value suggests a scenario
where two Si X-rays escape the crystal after a 55Mn K↵

X-ray is absorbed by the wafer with the expected remain-
ing energy deposition to the crystal of 2.42 keV. Simula-
tion 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 re-
mains under investigation, its presence does not a↵ect 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

Fit parameter Value
A (7.6± 2.0) · 10�2(keV(1�↵) · kg · day)�1

↵ 5.02± 0.06
B (7.2± 1.5) · 102(keV(1��) · kg · day)�1

� 2.22± 0.09

TABLE I. The values of the free fit parameters obtained from
a �2 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.

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 Al2O3

detector operated with a removable 55Fe source described
in [36]. We assume that the rest of the events removed
by the coincidence cut are radioactive backgrounds accu-
mulated 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-
III [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 di↵erent
target materials 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 radioac-
tive backgrounds as a major contribution to the LEE are
excluded [10]. The coincidence cut with the bulk detec-
tor 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. Addi-
tionally, in contrast to the previous CRESST-III module
design [7], no scintillating materials are present in the de-
tector 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 60K reported in Ref. [10]
suggests a large impact of solid state physics e↵ects ac-
tivated 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 e�ciencies as black data points in Fig. 4. The error

Phys. Rev. D 107, 122003 / arXiv:2212.12513 

M.  Kaznacheeva
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CRESST today: study of excess, more chats

9
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Detectors with new module designs to study the LEE origin will 

be installed at LNGS in the next run starting at the end of 2023.

25

Above-ground measurements 
show very promising performance!

Holding structures
novel stress-free holding structure

-> LEE reduction?

instrumented holders 

-> discriminate events transmitted 

through the holding structure

Double TES read-out
 -> discriminate events in the absorber from 

events in the TES films or material interfaces

More features

• maximize sensitivity to dark matter recoils 

• 4π veto

Talk: ”Results of doubleTES detectors” by Francesca 

Pucci at the Excess@TAUP workshop last Saturday

TAUP 2023 | 30.08.2023 | Margarita Kaznacheeva

Energy (eV)
0 5 10 15 20 25 30 35 40 45 50

E
n
t
r
i
e
s

0

50

100

150

200

250

300

350

400

450

6.7 eV

7.6 eV

2 x 7.6 eV

3 x 7.6 eV

4 x 7.6 eV

Conclusions & Outlook

26

Improved limits for spin-dependent 

interactions with LiAlO2 target.
Reach to DM masses <100 MeV/c2 
with low threshold detectors

Strong hints towards solid state 

physics effects playing a major 
role for low energy excess.

Novel detector module designs to 
study sensor-related events and the 
impact of the stress from holders

New target material: 
diamond detectors for 
sub-GeV DM searches.

A major CRESST setup upgrade to 288 read-
out channels is in preparation:
• SQUIDs and wiring are already produced 
• new DAQ and bias electronics are designed
• goal: installation at LNGS in 2024 

Coming to 

LNGS late 2023

New calibration 
approaches at 
low energies

M.  Kaznacheeva
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TESSERACT@LSM: Proposal experiment at LSM

ph
on

on

e-

h+

Ge/Si

Transition Edge Sensors with Sub-Ev Resolution And Cryogenic Targets 

• DOE Funding for R&D and project development began in June 
2020 (Dark Matter New Initiative)


• One experimental design, and different target materials with 
complementary DM sensitivity, all using TES 


• Includes SPICE (Al2O3 and GaAs) and HeRALD (LHe)

• ~40 people from 8 institutions 

• Actively searching for an underground lab

TESSERACT @ LSM proposal: 
• Benefit from EDW+Ricochet+CUPID Ge bolometer expertise 

and low-background cryogenic setup experience to:

1. Add the French semiconductor Ge bolometer 

technology to the TESSERACT science program 
2. Deploy the future TESSERACT experiment at LSM 

• Achieve leading light DM sensitivities on short time scales 

• Benefit from exchange of technologies with US partners

5
J. Billard / S. Scorza
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TESSERACT: New generation TES phonon sensors

Crystalline substrate 
(Al2O3, SiO2, GaAs, Ge, Si)

TES based athermal phonon sensor technology:

Energy threshold decreases 
with detector mass

Energy threshold decreases 
very quickly with Tc

CS IN2P3 - TESSERACT

8

• 273 meV (RMS) leading to eV-scale threshold already achieved 
with a 0.2g Si detector and Tc = 50 mK


• Targeted Tc around 15-20 mK recently achieved

~100 meV threshold achievable on 1 cm3 crystals 

• Next challenge: parasitic power (vibrations, EMI, IR photons) 
needs to be <aW to fully reach TES sensitivity 

J. Billard / S. Scorza
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Sub-eV Polar Interactions Cryogenic Experiment: GaAs
DM Scattering via Light Dark Photon  

• GaAs has very high scintillation yield (125 ph/keV, 
arxiv:1904.09362),


• GaAs has a similar ERDM sensitivity than Ge/Si and similarly 
allows for control of the backgrounds:

• photon:phonon ratio depends on the recoiling particle type: 

NR/ER discrimination (~10 eV scale)

• photon/phonon coïncidence in two separate sensors: 

instrumental background rejection (LEE) (~eV scale)

CS IN2P3 - TESSERACT

10

TESSERACT@LSM: SPICE
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TESSERACT@LSM: HeRALD

• Well kinetically matched to GeV-scale DM

• Easy to purify, intrinsically radio pure 

• Monolithic and scalable

• LHe cell operated at 20-50 mK with wafer-like cryogenic detectors with TES 

suspended in vacuum

• UV/IR photons and He atoms from qp induced evaporation 


• First evidence of ER/NR discrimination @10 keV 
• Already achieved ~170 eV threshold on He recoils (300 MeV DM)

Helium Roton Apparatus for Light Dark matter 

First experimental results !

CS IN2P3 - TESSERACT

11

R. Anthony-Petersen et al., arXiv:2307.11877
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SuperCDMS

14

SuperCDMS detectors
Sensors measure Et

Sensors measure Et and Nehtotal phonon
energy

primary
recoil energy

Luke phonon
energy

HV detector! low threshold
⌅ Drifting charge carriers (e�/h+) across a
potential (Vb) generates a large number
of Luke phonons (NTL e�ect)

⌅ Trade-o�: no NR/ER discrimination

Et = Er + (Neh · e · Vb)

iZIP detector! low background
⌅ Interleaved Z-sensitive Ionization and
Phonon detector

⌅ Prompt phonon and ionization signals
allow for NR/ER event discrimination

SuperCDMS SNOLAB

UofT // Stefan Zatschler
August 28, 2023

11/19
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SuperCDMS

15

Highlights of HVeV R&D detector program

HVeV Run 2
⌅ Detection and study of

1 e�/h+ burst events
⌅ Hypothesis: originate

in PCB holder

HVeV Run 3
⌅ Coincidence measure-

ment with HVeVs
⌅ Con�rmed external

origin of burst events

HVeV Run 4
⌅ Replaced PCB + coinci-

dence measurement
⌅ Elimination of higher-

order e�/h+ peaks

Latest performance
⌅ V3 of HVeV detectors
⌅ Achieved lowest base-

line resolution in class!
! �b = 1.097 ± 0.003 eV

PRD 102, 091101(R), 2020 Stay
tun

ed!

SuperCDMS SNOLAB

UofT // Stefan Zatschler
August 28, 2023

15/19
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Cryo. experiments onlyAll experiments

Neutrino floor (Ge)

TESSERACT@LSM: State of the art (low-mass NRDM)
Why 100 eV-scale cryogenic DM experiments aren’t leading the sub-GeV search region ?

CS IN2P3 - TESSERACT

A low energy excess is limiting all 
cryogenic experiments

Includes Migdal effect

6

Main competitors are not phonon experiments!

16

J Billard
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Dark Side

17

Direct detection with noble liquids (Ar, Xe) 

4
Sandro De Cecco
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DarkSide 50: electron recoils (S2 only)

18

Ionization (S2) only background only fit

28Sandro De Cecco
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DarkSide 50: S2 results

19

DS50 results in low mass DM search

30Sandro De Cecco

DS50 2018 analysis updated in 2023 
with new calibration, selection and 
MC. 

Non zero background search. 
Limited by energy response at low 
energy and internal ER back. 
World best sensitivity to GeV DM 

And sub-GeV adding Migdal effect 

Also: 
- ER interpretation of S2 only 
signature: Axions,dark photons, … 
- Baiesian approach with evolved 
Likelihood including calibration 
parameters in the fit 

DS50 results in low mass DM search

30Sandro De Cecco

DS50 2018 analysis updated in 2023 
with new calibration, selection and 
MC. 

Non zero background search. 
Limited by energy response at low 
energy and internal ER back. 
World best sensitivity to GeV DM 

And sub-GeV adding Migdal effect 

Also: 
- ER interpretation of S2 only 
signature: Axions,dark photons, … 
- Baiesian approach with evolved 
Likelihood including calibration 
parameters in the fit 

DS50 results in low mass DM search

30Sandro De Cecco

DS50 2018 analysis updated in 2023 
with new calibration, selection and 
MC. 

Non zero background search. 
Limited by energy response at low 
energy and internal ER back. 
World best sensitivity to GeV DM 

And sub-GeV adding Migdal effect 

Also: 
- ER interpretation of S2 only 
signature: Axions,dark photons, … 
- Baiesian approach with evolved 
Likelihood including calibration 
parameters in the fit 

With Migdal Effect
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DarkSide future: 20k and 1k low-mass?

20

DarkSide-LowMass sensitivity

65Sandro De Cecco

Sensi8vity projec8ons for a dual-phase argon TPC op8mized for light dark maDer searches through the ioniza8on channel 

(Phys.Rev.D 107 (2023) 11, 112006) a conceptual low background 1 ton UAr TPC ~ 1 year exposure sensi<vity: 

DarkSide-20k sensitivity to low mass DM paper in preparation 
will be very high: reach DS50 sensitivity in few days run) 

DarkSide-20k sensitivity

64Sandro De Cecco

—> Unique to DarkSide-20k, a zero instrumental background experiment:
< 0.1 neutrons in RoI (30 - 200 keVnr) with 200 t-y exposure. 

High mass with 20 T Low-mass with 1 T optimised for S2

S. De Cecco
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Declared timescales

21

Detector Laboratory Status Date

CRESST Phonon-TES LNGS Data taking + R&D

TESSERACT Phonon-TES / 
Phonon-LHe LSM R&D 2026 


(start construction)

Super CDMS Phonon-TES SNOLAB Construction 2025

(start science run)

DarkSide 20k/LM Liquid scintillator LNGS Construction 2026 

(end construction)
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Who wins? The one who beats the excess

BULLKID already implements all the strategies that other experiments are now beginning implementation: 
multi-sensor, instrumented holders


but 

this does not ensure that we solved it down to < 1 DRU

22
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Excess  workshop in Rome: 6 July 2024 - https://agenda.infn.it/event/39007/ 

https://agenda.infn.it/event/39007/

