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Unraveling the Particle Character of Dark Matter 

• clear evidence for dark matter on 
different scales  

• observation of dark matter  
based on gravitational pull only 

• undiscovered new particles well 
motivated candidate for dark matter 

• mass region below the WIMP mass 
scale (“low mass dark matter”) 
recently gained a lot of  
theoretical interest
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The SIMP Miracle
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We present a new paradigm for achieving thermal relic dark matter. The mechanism arises when
a nearly secluded dark sector is thermalized with the Standard Model after reheating. The freezeout
process is a number-changing 3 ! 2 annihilation of strongly-interacting-massive-particles (SIMPs)
in the dark sector, and points to sub-GeV dark matter. The couplings to the visible sector, necessary
for maintaining thermal equilibrium with the Standard Model, imply measurable signals that will
allow coverage of a significant part of the parameter space with future indirect- and direct-detection
experiments and via direct production of dark matter at colliders. Moreover, 3 ! 2 annihilations
typically predict sizable 2 ! 2 self-interactions which naturally address the ‘core vs. cusp’ and
‘too-big-to-fail’ small structure problems.

INTRODUCTION

Dark matter (DM) makes up the majority of the mass
in the Universe, however, its identity is unknown. The
few properties known about DM are that it is cold and
massive, it is not electrically charged, it is not colored and
it is not very strongly self-interacting. One possibility for
the identity of DM is that it is a thermal relic from the
early Universe. Cold thermal relics are predicted to have
a mass
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is the reduced Planck
mass. The emergence of the weak scale from a geomet-
ric mean of two unrelated scales, frequently called the
WIMP miracle, provides an alternate motivation beyond
the hierarchy problem for TeV-scale new physics.

In this work we show that there is another mechanism
that can produce thermal relic DM even if ↵

ann

' 0. In
this limit, while thermal DM cannot freeze out through
the standard 2 ! 2 annihilation, it may do so via a 3 ! 2
process, where three DM particles collide and produce
two DM particles. The mass scale that is indicated by
this mechanism is given by a generalized geometric mean,
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of the DM which we take as ↵
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' 1 in the above. As
we will see, the 3 ! 2 mechanism points to strongly self-
interacting DM at or below the GeV scale. In similar
fashion, a 4 ! 2 annihilation mechanism, relevant if DM
is charged under a Z
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symmetry, leads to DM in the keV
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FIG. 1: A schematic description of the SIMP paradigm. The
dark sector consists of DM which annihilates via a 3 ! 2 pro-
cess. Small couplings to the visible sector allow for thermal-
ization of the two sectors, thereby allowing heat to flow from
the dark sector to the visible one. DM self interactions are
naturally predicted to explain small scale structure anomalies
while the couplings to the visible sector predict measurable
consequences.

to MeV mass range. In this case, however, a more com-
plicated production mechanism, such as freeze-out and
decay, is typically needed to evade cosmological bounds.

If the dark sector does not have su�cient couplings
to the visible sector for it to remain in thermal equilib-
rium, the 3 ! 2 annihilations heat up the DM, signif-
icantly altering structure formation [1, 2]. In contrast,
a crucial aspect of the mechanism described here is that
the dark sector is in thermal equilibrium with the Stan-
dard Model (SM), i.e. the DM has a phase-space dis-
tribution given by the temperature of the photon bath.
Thus, the scattering with the SM bath enables the DM to
cool o↵ as heat is being pumped in from the 3 ! 2 pro-
cess. Consequently, the 3 ! 2 thermal freeze-out mech-
anism generically requires measurable couplings between
the DM and visible sectors. A schematic description of
the SIMP paradigm is presented in Fig. 1.

The phenomenological consequences of this paradigm
are two-fold. First, the significant DM self-interactions
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in the Universe, however, its identity is unknown. The
few properties known about DM are that it is cold and
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it is not very strongly self-interacting. One possibility for
the identity of DM is that it is a thermal relic from the
early Universe. Cold thermal relics are predicted to have
a mass

m
DM

⇠ ↵
ann

(T
eq

M
Pl

)1/2 ⇠ TeV , (1)

where ↵
ann

is the e↵ective coupling constant of the 2 ! 2
DM annihilation cross section, taken to be of order weak
processes ↵

ann

' 1/30 above, T
eq

is the matter-radiation
equality temperature and M

Pl

is the reduced Planck
mass. The emergence of the weak scale from a geomet-
ric mean of two unrelated scales, frequently called the
WIMP miracle, provides an alternate motivation beyond
the hierarchy problem for TeV-scale new physics.

In this work we show that there is another mechanism
that can produce thermal relic DM even if ↵

ann

' 0. In
this limit, while thermal DM cannot freeze out through
the standard 2 ! 2 annihilation, it may do so via a 3 ! 2
process, where three DM particles collide and produce
two DM particles. The mass scale that is indicated by
this mechanism is given by a generalized geometric mean,

m
DM

⇠ ↵
e↵

�
T 2

eq

M
Pl

�
1/3 ⇠ 100 MeV , (2)

where ↵
e↵

is the e↵ective strength of the self-interaction
of the DM which we take as ↵

e↵

' 1 in the above. As
we will see, the 3 ! 2 mechanism points to strongly self-
interacting DM at or below the GeV scale. In similar
fashion, a 4 ! 2 annihilation mechanism, relevant if DM
is charged under a Z

2

symmetry, leads to DM in the keV

↵
e↵

' 1 ↵
e↵

' 1

SMDM
3→2 2→2 

✏ � 1

Kin. Eq.

FIG. 1: A schematic description of the SIMP paradigm. The
dark sector consists of DM which annihilates via a 3 ! 2 pro-
cess. Small couplings to the visible sector allow for thermal-
ization of the two sectors, thereby allowing heat to flow from
the dark sector to the visible one. DM self interactions are
naturally predicted to explain small scale structure anomalies
while the couplings to the visible sector predict measurable
consequences.

to MeV mass range. In this case, however, a more com-
plicated production mechanism, such as freeze-out and
decay, is typically needed to evade cosmological bounds.

If the dark sector does not have su�cient couplings
to the visible sector for it to remain in thermal equilib-
rium, the 3 ! 2 annihilations heat up the DM, signif-
icantly altering structure formation [1, 2]. In contrast,
a crucial aspect of the mechanism described here is that
the dark sector is in thermal equilibrium with the Stan-
dard Model (SM), i.e. the DM has a phase-space dis-
tribution given by the temperature of the photon bath.
Thus, the scattering with the SM bath enables the DM to
cool o↵ as heat is being pumped in from the 3 ! 2 pro-
cess. Consequently, the 3 ! 2 thermal freeze-out mech-
anism generically requires measurable couplings between
the DM and visible sectors. A schematic description of
the SIMP paradigm is presented in Fig. 1.

The phenomenological consequences of this paradigm
are two-fold. First, the significant DM self-interactions
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strongly interacting dark matter- 
expected mass scale ~ 100 MeV/c2



The Dark Matter Landscape - Detector Challenge 

• different mass 
regions have different 
requirements on the 
detector technology 

• low mass dark 
matter requires low 
detection threshold

detection  
threshold

exposure

low mass  
dark matter

WIMP

lo
g 

sc
al

e

dark matter- nucleon 
 scattering rate
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The CRESST Experiment



The CRESST Collaboration

About 40-50 scientists from 6 institutions and 4 countries

5

Paolo Gorla - LNGSIDM 2016 - Sheffield 2

The CRESST Collaboration



CRESST - Detection Principle I

simultaneous read-out of two  
signals 

• phonon channel:  
particle independent 
measurement of deposited 
energy (= nuclear recoil energy) 

• (scintillation) light:  
different response for signal  
and background events for 
background rejection 
(“quenching”)

light detector
transition edge  

sensor

transition edge  
sensor

target crystal 
(CaWO4)

6
scintillating 

housing



CRESST - Detection Principle II

• experiment operated at cryogenic temperature (~15 mK) 

• nuclear recoil will deposit energy in the crystal leading  
to a temperature rise proportional to energy

�T / �Q

c ·m
ΘD:Debye  
temperature

• detection of small energy depositions 
requires very small heat capacity C 

• detection of temperature rise with 
superconductor operated at the phase 
transition from normal to superconducting

28 CHAPTER 2. THE CRESST EXPERIMENT
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Figure 2.2: A measured transition of a thin tungsten film from the normal to the superconduct-
ing state. Such a transition is used in CRESST to convert a small temperature variation DT into
a measurable resistance change DR.

particle. Based on this understanding, a quantitative model has been developed which
can explain the observed properties of CRESST signal pulses [41].

As a first step, a particle interaction in the target crystal creates a population of
high-frequency phonons with frequencies of O(THz). As the corresponding phonon
energies are in the meV range and thus large compared to thermal energies at the
cryogenic operating conditions, these phonons are called non-thermal. Their initial
frequency spectrum depends on the type of interaction (and thus on the interacting
particle), but they quickly start to decay due to lattice anharmonicities. The rate of
this decay is strongly frequency-dependent (proportional to n5

phonon) so that, after some
100 µs, the initial phonons have converted down to a phonon population with a roughly
uniform frequency of a few 100 GHz (still non-thermal at millikelvin temperatures).
Compared to the response time of the thermometer, these phonons are relatively stable,
and after a few surface reflections they uniformly fill the crystal. They can then either
be absorbed by the thermometer, thermalize in the crystal, or escape from the crystal
through its holding clamps into the heat bath.

When a non-thermal phonon enters the thermometer, it can efficiently be absorbed
by the free electrons of the metal film. In this case, its energy is quickly distributed
and thus thermalized among the electrons, heating up the electron system of the ther-
mometer. This provides a first, fast contribution to the measured temperature rise of
the thermometer film. The thermalized energy in the electron system will then mostly
escape to the heat bath via the thermal coupling of the thermometer.

Those phonons which thermalize in the crystal before being absorbed by the ther-
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CRESST - Detector Module

• CaWO4 crystal placed inside fully scintillating and reflective housing 

• modules operated in shielded cryostat in the Laboratori Nazionali del Gran 
Sasso (Italy) at 3600 mwe

8

CRESST II  
detector module



Crystal Intrinsic Background 

• experimental sensitivity 
limited by background 

• CRESST dominated 
by crystal-intrinsic 
radioactive 
contaminations 

• in-house production of 
CaWO4 crystals 
improves radio purity 
significantly

~3.5 counts /(kg keV d)

210Pb227Ac179Ta L1(EC)
crystal: 
TUM40

9

crystal  
production  

at  
TU Munich

commercial  
crystal

TU Munich  
production



Background Simulation of CRESST Data

• understanding of 
background crucial 

• Geant4 based 
simulation to estimate 
intrinsic background 

• use measured α-
activity as input for 
Geant4 to determine 
intrinsic β/γ radiation

10
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Figure 6. Histogram of the events in the ROI (black line) recorded with TUM40 in CRESST-II
Phase 2. The red line indicates the sum of all identified background sources with the dominant peaks
from cosmogenic activation (2.6 keV, 10.7 keV, 11.3 keV) and the Cu X-ray line (8.0 keV). Inset:
decomposition of the background based on MC simulation (see text). The contributions of external
gamma radiation (green), external betas (grey) and intrinsic beta/gamma radiation from natural
decay chains (blue) are shown. The sum of these components (plus gamma peaks) are shown in red.
The individual 1-� error bands are depicted in the corresponding colour. The identified backgrounds
explain ⇠70% of the observed events.

5 Conclusions and outlook

TUM40 operated in the new detector housing has reached unprecedented background levels.
Using CaWO4 sticks to hold the target crystal, a fully-scintillating inner detector housing
is realized and backgrounds from surface-alpha decays are rejected with high e�ciency. A
phonon trigger threshold of ⇠ 0.60 keV and a resolution of �=(0.090±0.010) keV (at 2.60 keV)
are reached with TUM40. By using a CaWO4 crystal produced at the TUM, the intrinsic
background rate was reduced to the lowest level reported for CRESST CaWO4 detectors:
on average 3.51± 0.09 beta/gamma events per kg keVday in the ROI (1-40 keV) and a total
alpha activity from natural decay chains of A

tot,↵

= 3.08±0.04mBq/kg. In this paper, a
detailed alpha analysis was performed which allowed to derive the activities of all decaying
isotopes of the natural decay chains. Based on these results, a GEANT4 MC simulation was
set up to investigate the contribution of intrinsic beta/gamma backgrounds in the ROI for
dark matter search (1-40 keV). An activity of ⇠ 494µBq/kg was found which corresponds
to ⇠ 30% of the total event rate. The MC simulation also shows the contribution of events
originating from external gamma radiation. An activity of 62.2µBq/kg (⇠ 4% of total) is

– 12 –

crystal: 
TUM40

green: external gamma radiation
gray: external betas
blue: intrinsic β/γ radiation from  
natural decay chains
red: sum + cosmogenic activation 

JCAP, 2015(06), 030



Data collected with CRESST II 



Detection Threshold

• simultaneous read out of phonon and 
light channel 

• signal height proportional to 
deposited energy in the 
corresponding channel

64 4. Detector Operation and Data Analysis

Figure 4.3. – Coincident pulse as recorded with a CRESST detector. The phonon and light signals
are colored in red and blue respectively. This event deposited about 30 keV in the crystal.

amplitude of test pulse The parameter that indicates for each test pulse the am-
plitude in volts injected to generate this pulse.

onset delay in event This parameter describes the time difference between the
first trigger and the subsequent triggers in the same event for all participating detectors.

base line The average level of the SQUID output voltage signal without the presence
of a pulse is called base line. A tilted line is fitted in the pre-trigger region to determine
the base line and a possible tilt due to pile up. All pulses are shown with a base line
of 0. This means that when calculating the pulse height of an event the base line is
subtracted.

RMS in base line The root-mean-square deviation of the sampled pulse from the
fitted base line.

pulse height A first simple evaluation of the maximum voltage level of the pulse
after filtering with a 50-sample moving average.

onset-channel The first sample with a value that reaches 10% of the pulse height.

rise time In this program defined as the time between the onset of a pulse and a
signal level of 50% of the pulse height parameter.

phonon
light

• detection threshold determined 
with low-energy heater pulses 

• energy threshold at ~300 eV 
for nuclear recoil

300 eV

12

signal well  
above threshold



Signal-Background Separation 

• simultaneous readout of 
light and phonon channel 
allows background 
reduction 

• less scintillation light from 
dark matter-nucleon 
scattering  

• clear separation 
between signal and 
background at large 
ENR 

• significant overlap of 
bands at low energies 
(= low mass dark 
matter)
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Data Sample

• data collected with a single detector 
module 

- commercial crystal with higher 
intrinsic e-/γ-background 

- trigger threshold of 300 eV 

• interpretation of data using 
standard astrophysical assumptions 

• limit set with Yellin’s optimum  
interval method (conservative limit)

crystal: 
Lise

EPJ C76 (2016) 25

14

55Fe-calibration  
source

marked events  
from surface decays



CRESST II limit for low mass dark matter

• energy threshold 
and background 
conditions have 
impact to different 
mass regions 

• CRESST technology 
offers high potential 
towards scattering 
of low mass Dark 
Matter

EPJ C76 (2016) 25TUM 40 
(low background)

Lise  
(low threshold)

reduced sensitivity  
due to surface 55Fe

recoil at  
different  

nuclei

expected number of  
counts for σχ-n=1pb  

in the acceptance region 15



Momentum Dependent Cross-Section

• disagreement between helio- 
seismological data and solar models  
(Phys. Rev. Lett. 114, ( 2015) 081302) 

• momentum dependent asymmetric 
dark matter (ADM) can resolve problem 

• preferred dark matter mass of  
3 GeV/c2 and σχ-n=10-37 cm2  

• reinterpretation of CRESST data 
assuming momentum dependent 
cross-section (Angloher et al., PRL 117 
(2016) 021303) rules out the proposed 
best fit point
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FIG. 3. (color online) Recoil spectra for 3GeV/c2 dark matter
particles scattering off CaWO4. In dashed black the default
spin-independent spectrum is shown, in solid red and dotted
blue the effect of the different powers of q on the shape of the
recoil spectrum can be seen. All spectra are normalized to
one, note however that especially for small masses the abso-
lute count rate of the modified spectra may be suppressed by
several orders of magnitude.

ticles with nucleons. The dark matter-nucleon cross sec-
tion is modified [2] by a factor of

���n = �0

✓
q2

q20

◆
(1)

where q2 is the transferred momentum and q0 is a nor-
malization factor chosen to be 40MeV to be consistent
with [3].

This modification of the default spin-independent re-
coil spectrum causes a suppression of the event rate at
lowest energies and leads to a peaked energy spectrum
(see Fig. 3).

To be able to directly compare the results, the halo
parameters from [3] are adopted: Maxwell-Boltzmann
halo with velocity dispersion of 270 km s�1, velocity of
the sun of 220 km s�1 and local dark matter density of
0.38GeV cm�3. These differ slightly from the ones used
in [6], which however has no significant impact on the
results. We use the Helm parametrization of the nu-
clear form factors to account for deviations from the A2-
dependence of the scattering cross section due to loss of
coherence.

The resulting exclusion limit for q2-dependent dark
matter is drawn in solid red in Fig. 4. For comparison
also the default SI exclusion (dashed black) and the limit
for q4-dependent dark matter (dotted blue) are shown.
Our result for q2-dependent scattering excludes the best
fit point from [3] for q2-dependent dark matter by an or-
der of magnitude, ruling out this particular model.
The kinks around 2-3GeV/c2 in the exclusion curves are
caused by the presence of the different target nuclei in
the detector. Above these kinks the scattering is dom-
inated by tungsten due to the expected A2-dependence

FIG. 4. (color online) 90% C.L. upper limits on �0 for dif-
ferent for different powers of q. The limit for q2-dependent
scattering is drawn in solid red ruling out the best fit point
from [3] (magenta cross). For comparison also the limit for
q4-dependent scattering (dotted blue) and scalar interaction
(dashed black) are shown.

of the scattering cross section. Below, the kinetic energy
of the dark matter particles is insufficient to cause tung-
sten recoils above the energy threshold and only oxygen
recoils can still be observed at these low masses.

The rather large number of e�/�-events leaking into
the acceptance region limits the sensitivity that can be
reached with this detector. For the future it is planned to
reduce the dimensions of both the absorber crystal and
the light detector. This should lead to an even lower en-
ergy threshold (. 100 eV) and improve the discrimination
of signal and background events due to enhanced sensi-
tivity in the light channel. In addition, absorber crystals
with significantly lower intrinsic background will have an
immediate impact on the sensitivity of the detectors [11].

In summary, we have shown that current CRESST
detectors are a valuable tool for constraining also more
general dark matter models. The low energy thresholds
which can be achieved with these detectors provide
an unique opportunity to search for light dark matter
particles.
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FIG. 3. Recoil spectra for 3GeV/c2 dark matter particles
scattering off CaWO4. In dashed black the default spin-
independent spectrum is shown, in solid red and dotted blue
the effect of the different powers of q on the shape of the recoil
spectrum can be seen. All spectra are normalized to one, note
however that especially for small masses the absolute count
rate of the modified spectra may be suppressed by several
orders of magnitude.

III. RESULTS, DISCUSSION AND OUTLOOK

Using the optimum interval method [9, 10], an upper
limit with 90% confidence level is set on the elastic spin-
independent interaction cross section of dark matter par-
ticles with nucleons. The dark matter-nucleon cross sec-
tion is modified [2] by a factor of

���n = �0

✓
q2

q20

◆
(1)

where q2 is the transferred momentum and q0 is a nor-
malization factor chosen to be 40MeV to be consistent
with [3].

This modification of the default spin-independent re-
coil spectrum causes a suppression of the event rate at
lowest energies and leads to a peaked energy spectrum
(see Fig. 3).

To be able to directly compare the results, the halo
parameters from [3] are adopted: Maxwell-Boltzmann
halo with velocity dispersion of 270 km s�1, velocity of
the sun of 220 km s�1 and local dark matter density of
0.38GeV cm�3. The galactic escape velocity is taken
as 544 km s�1. These differ slightly from the ones used
in [6], which however has no significant impact on the
results. We use the Helm parametrization of the nu-
clear form factors to account for deviations from the A2-
dependence of the scattering cross section due to loss
of coherence. This approach is valid, since the nuclear
physics involved in the q2-dependent scattering is the
same as in the standard spin-independent scattering [11].

The resulting exclusion limit for q2-dependent dark
matter is drawn in solid red in Fig. 4. For comparison

FIG. 4. 90% C.L. upper limits on �0 for different for different
powers of q. The limit for q2-dependent scattering is drawn
in solid red ruling out the best fit point from [3] (magenta
cross). For comparison also the limit for q4-dependent scat-
tering (dotted blue) and scalar interaction (dashed black) are
shown.

also the default SI exclusion (dashed black) and the limit
for q4-dependent dark matter (dotted blue) are shown.
Our result for q2-dependent scattering excludes the best
fit point from [3] for q2-dependent dark matter by an
order of magnitude, ruling out this particular model.

The kinks around 2-3GeV/c2 in the exclusion curves
are caused by the presence of the different target nuclei
in the detector. Above these kinks the scattering is dom-
inated by tungsten due to the expected A2-dependence
of the scattering cross section. Below, the kinetic energy
of the dark matter particles is insufficient to cause tung-
sten recoils above the energy threshold and only oxygen
recoils can still be observed at these low masses.

The rather large number of e�/�-events leaking into
the acceptance region limits the sensitivity that can be
reached with this detector. For the future it is planned to
reduce the dimensions of both the absorber crystal and
the light detector. This should lead to an even lower en-
ergy threshold (. 100 eV) and improve the discrimination
of signal and background events due to enhanced sensi-
tivity in the light channel. In addition, absorber crystals
with significantly lower intrinsic background will have an
immediate impact on the sensitivity of the detectors [12].

In summary, we have shown that current CRESST
detectors are a valuable tool for constraining also more
general dark matter models. The low energy thresholds
which can be achieved with these detectors provide an
unique opportunity to search for light dark matter par-
ticles.

ACKNOWLEDGEMENTS

This work was supported by funds of the German Fed-
eral Ministry of Science and Education (BMBF), the Mu-
nich Cluster of Excellence (Origin and Structure of the

Physical Review Letters 117 (2016) 021303

recoil spectra for  
3 GeV/c2  

scatter at CaWO4

from ADM model



arXiv 1604.08493 
accepted for publication

Limits on Double Electron Capture of 40Ca and 180W

• observation of zero 
neutrino double electron 
capture (0ν2EC) would 
prove Majorana ν   

• T1/2 longer compared to 
0ν2β decays 

• released energy fully 
absorbed in the detector  
→signal peak 
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New Limits on Double Electron Capture of

40
Ca and

180
W 5

calibration, deviations of the observed �-lines from the literature values [27] were

. 0.5 keV.
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Figure 1. Background spectrum of the detector Ch47. The visible �-lines originate
from external radioactivity and cosmogenic activation. Panel (b) shows a zoom to
the low-energy region.

Figure 1(a) shows a typical spectrum of a single detector module. The �-lines

are due to external radioactivity from 212Pb (238.6 keV [27]), 226Ra (186.2 keV [27])

and 210Pb (46.5 keV [27]). In the low energy region (see figure 1(b)) weak lines from

Cu fluorescence (8.0 keV [27]) and the L-capture of 179Ta (11.3 keV [20]) are visible.

The latter stems from cosmogenic activation of the CaWO4 crystals [28]. In addition,

a so far unidentified line at ⇠ 13 keV can be seen.

The energy resolution of each detector was modeled individually by the following

equation:

�(E) =
p

�0
2 + �1

2E + �2
2E2. (3)

Here the parameter �0 is derived from the resolution of the lowest injected heater

pulses. The other parameters are obtained by fitting (3) to the resolution of all

�-lines in the background spectra. Typically the 1-� energy resolution at 122 keV is

0.52 keV.

For all studied processes, there is a high probability that the released X-rays (Auger

electrons) and/or �-rays (conversion electrons) will be fully absorbed inside the

detectors, hence the expected signal is a peak at the energy given in table 1. The
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Figure 2. Best fit of the signal+background model M to the spectrum of detector
Ch47. The hatched area indicates the 68% uncertainty band.

processes with CRESST-II detectors. Further improvement on the half-life limits

can be expected from the data taken with new CRESST detectors with improved

radiopurity [28, 33]. In addition, an analysis of the high energy region to study the

double beta decays of 46Ca, 48Ca and 186W is planned.
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Limits on Double Electron Capture of 40Ca and 180W

• 730 kg.d exposure from data taken 
between 2009 and 2011  

• no signal for 2ν2K and 0ν2EC observed 

• upper limit on lifetime improves by a 
factor of ~30 compared to previous 
measurements 

New Limits on Double Electron Capture of
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Table 1. Double electron capture processes studied in this work. The last two
columns show respectively the currently best experimental limits on the half-life
along with theoretical predictions.

Observable
Isotope Abundance (%) Process Energy (keV) Texp

1/2 (y) (90% CL) Tth

1/2 (y)

40Ca 96.94(16) [17]
0⌫2EC 193.51(2) [18] > 3.0⇥ 1021 [19] -
2⌫2K 6.4 [20] > 7.3⇥ 1021 [19]a 1.2⇥ 1033 [21]

180W 0.12(1) [17]
0⌫2EC 143.27(20) [22] > 1.3⇥ 1018 [13] (1.3� 1.8)⇥ 1031 [6]b

2⌫2K 130.7 [20] > 1.0⇥ 1018 [13] ⇠ 2.5⇥ 1028 [23]

a The limit in [19] is given for 2⌫2EC assuming a probability of 0.81 for double K-capture.
b The predicted half-life in [6] is calculated for m�� = 50meV.

summarizes the currently best experimental limits on the half-life along with some

theoretical predictions.

2. Experiment & Data Analysis

CRESST-II (Cryogenic Rare Event Search with Superconducting Thermometers) [24]

aims at the direct detection of dark matter. The detector consists of scintillating

bolometers based on CaWO4 crystals. A detailed description of the setup can be

found elsewhere [25]. Between 2009 and 2011, a total net exposure of 730 kg days

has been collected with eight detector modules. The data were previously analyzed

for a possible WIMP signal in the form of low-energy nuclear recoils [26]. Here we

use these data to derive limits on the double electron capture of 40Ca and 180W.

Basic data quality cuts were applied to the data set as described in [26]. In addition,

only single-scatter events, i.e. events with no coincident signal in any other detector

module or the muon veto were accepted. The energy range extends from the trigger

threshold (around 4 keV) to 300 keV. The latter was set as an upper limit for the

WIMP analysis where signal events are only expected below 40 keV.

The energy calibration of the detectors was performed with 122 keV �-rays from a
57Co calibration source. The calibration was extended to lower energies with the

help of heater pulses which were injected to the detector [25]. After this calibration

some deviations in the position of known �-lines in the background spectra were

found at energies &150 keV. Therefore, the spectra were re-calibrated by fitting

the position of these �-lines with a second order polynomial function. After re-
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Outlook - CRESST III



Outlook - CRESST III

• optimised detector layout with improved detection of 
scintillation light  

• instrumented detector holder (iSticks) 

• reduced crystal size (24 g) with reduced heat capacity 

• design goal for threshold: 100 eV 

• intrinsic background level similar to TUM40 crystal 20



Outlook - CRESST III

• 10 modules installed 
in cryostat at LNGS 

• cryostat reached 
operation temperature  

• extensive calibration 
campaign started  

• start of physics run 
expected for  
August 2016

First CRESST III pulsesFirst CRESST III pulses

1928.07.2016
Direct dark matter search:  the CRESST experimentDirect dark matter search:  the CRESST experiment

F. Petricca F. Petricca 

preliminary
● 9 of 10 phonon detectors 

have transitions

  
● preliminary calibration 

data: 5‐6 detectors 

clearly exceed threshold 

goal

● physics run will start 

beginning of August 

2016 after an extensive 

calibration campaign

 

Particle pulse acquired with the CRESST-III detector (J/Ch49)

Energy of the pulse ~105eV

Threshold O(50eV)

phonon signal  
of  a ~100 eV pulse 

➜signal pulse clearly visible  



Figure 5: In addition to the limits shown in fig. 2, the expected sensitivity (1 � C.L.) for di↵erent
exposures of 24g detectors with the improved performance expected from the mass reduction of
CaWO4 of present quality.

could approach the coherent neutrino scattering limit with an exposure of 1000 kg days, which
corresponds to about two years of data taking with 100 small modules (24g). We have to remark
that, in order to accommodate such a moderate target mass in the existing CRESST facility,
only an upgrade of the number of available read-out channels to about 300 would be needed.

4 Next phases

We are developing a phased program to approach the coherent neutrino scattering limit in
3 steps of increasing sensitivity. This strategy will allow us to proceed exploring the light
WIMPs region with steps of up to 3 orders of magnitude in cross section sensitivity while we
are accomplishing the activity needed for the following step.
The current run (run33) is planned to go on until enough statistics is achieved to completely
explore the M1 region [11]. In the mean time prototypes of small modules are produced and
tested.
Key issues which need to be demonstrated in the next months before implementing the new
modules in the main CRESST setup are: i) direct evaporation of TES on the absorber crystal
(to avoid events from the carrier [9]), ii) increased amount of detected light (possible reduction
due to direct TES evaporation [25]), iii) performance of the new holding system.

Once these decisive features of small modules are demonstrated, the upgrade to a new gen-
eration of the CRESST (CRESST III) experiment could proceed as follows:
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CRESST III - expected sensitivity 
• expect to reach  

σχ-n ~10-40 cm2  
for 1 GeV/c2 dark 
matter particles  

• detector R&D  
program for 
improved radio 
purity ongoing 

• to increase 
exposure upgrade 
of read out system 
planned  

Eth=100 eV

CRESST III projections
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Figure 6: In addition to the limits shown in fig. 2, the expected sensitivity (1 � C.L.) for di↵erent
exposures of 24g detectors with the performances gain expected from size reduction and with
e�/� background reduced by a factor of 100.

• Phase I

– Physics Run:

∗ CRESST III-Run1 (run34) - run 10 small modules with crystals of available
quality to reach the sensitivity estimated in fig. 5;

– R&D for next phase:

∗ Revise design of standard-mass modules to improve discrimination of events from
the carrier;

∗ Reach the desired background reduction and scintillation performance of the
CaWO4 crystals.

Expected time scale: 06.2015-12.2016

• Phase II-a

– Physics Run:

∗ CRESST III-Run2 (run35) - run again 10 small modules with improved crystals
to finalize detector design and confirm crystal quality. This will allow us to reach
the sensitivity shown in fig. 6 in about one year of data taking;

– R&D for next phase:

∗ R&D on large crystals for large-mass modules O(1kg) to be possibly used for
gaining sensitivity at higher WIMP masses.

8

CRESST III - expected sensitivity 
• expect to reach  

σχ-n ~10-40 cm2  
for 1 GeV/c2 dark 
matter particles  

• detector R&D  
program for 
improved radio 
purity ongoing 

• to increase 
exposure upgrade 
of read out system 
planned  

CRESST III projections
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Conclusion and Outlook

• CRESST operates CaWO4 crystals at cryogenic 
temperatures to search for low mass dark matter particles 

• excellent sensitivity to low energy nuclear recoils provide 
the best sensitivity for dark matter particles < 1.7 GeV/c2 

• new data taking campaign with improved detector 
modules will start soon 

• expect increase of two orders of magnitude in 
sensitivity


