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Is or is not DAMA/LIBRA’s a Dark Matter signal? 
No PANIC, the COSINUS experiment is coming!

PANIC 22nd Edition Lisbon Portugal | September 5-10th 2021
Particles and Nuclei International Conference
Vanessa Zema (Max Planck Institute for Physics) for the COSINUS collaboration

DIRECT DARK MATTER SEARCH

1 • Cosmology and astrophysics 

suggest the existence of dark 

matter 

• The Earth is expected to be 

constantly hit by a wind of 

dark matter particles

EVENT RATE

Maxwell-Boltzmann 
velocity distribu8on

Local DM density  
over DM mass Differen8al dark ma<er-

nuclei cross-sec8on
• vmin: minimum velocity 

which can produce a 
recoil energy ER

• : dark ma<er velocity in the detector reference frame 
• : Earth velocity in the galac8c reference frame 
• : escape velocity from the galaxy in the galac8c reference frame

vdet
χ

vgal
det

vesc

ANNUAL MODULATION
• The composition of the Earth-velocity around the galactic center and the Earth-

velocity around the Sun introduces an annually periodic time-dependence in the 
event rate

EXPERIMENTAL PANORAMA

• The DAMA/LIBRA collaboration is detecting since 20 years a signal compatible 
with the DM hypothesis (12.9 σ!!)

Despite of the extreme efforts, results are s8ll not 
consistent in the standard scenario 

2
NaI-CRYOGENIC CALORIMETERS

10° PROTOTYPE DETECTOR: NaI with Tl

• interface: silicon oil

• beaker-shaped Si light absorber with

two collimated x-ray sources

• NaI crystal with ~180 ppm of Tl

• mass of NaI: ~30g 

• carrier crystal: CdWO4 wafer

GOAL:
• AmBe n-source measurement to study quenching factors for Na and I recoils

• study light emission of Tl-doped crystal at low temperatures

• study position dependencies of light absorber using two collimated 55Fe x-ray 
sources mounted on bottom and mantle surface of the Si beaker 

25.09.2018 K.	Schäffner	- CSN5	meeting	/	Pisa 23

• Material-independent cross-check of the DAMA/LIBRA result 

• NaI crystal: hygroscopic, low Debye temperature, 40K contamination 

• NaI crystals for the first time operated at mK-temperature as scintillating calorimeters 

• 40K radio-purity: 5-9 ppb at crystals’ nose and 22-35 ppb at crystals’ tail

DUAL-CHANNEL READOUT: PHONON and LIGHT

NaI crystal + TES is the 
phonon-channel

Si-beaker + TES is the 
light-channel

Scintillation light (few %) amount 
of emitted light depends on 
particle type 
     ! LIGHT QUENCHING  

Interface

Phonon signal (~ 90 %) (almost) 
independent of particle type

10° PROTOTYPE DETECTOR: NaI with Tl

• interface: silicon oil

• beaker-shaped Si light absorber with

two collimated x-ray sources

• NaI crystal with ~180 ppm of Tl

• mass of NaI: ~30g 

• carrier crystal: CdWO4 wafer

GOAL:
• AmBe n-source measurement to study quenching factors for Na and I recoils

• study light emission of Tl-doped crystal at low temperatures

• study position dependencies of light absorber using two collimated 55Fe x-ray 
sources mounted on bottom and mantle surface of the Si beaker 

25.09.2018 K.	Schäffner	- CSN5	meeting	/	Pisa 23

PARTICLE-DISCRIMINATION
SIMULATED DATA (100 kg day gross exposure): 

• 20 ppb of 40K 
• flat background: 1 cpd/(keV kg) 
• threshold (NaI): 1 keV  
• ε=50%(>2keV), 20%(1-2 keV) 
• light energy conversion: 4% 
• QF(Na) ~ 0.3 
• QF(I) ~ 0.09 
• σSI= 2 x 10-4 pb (mDM=10 GeV/c2)

3
DETECTOR DESIGN OPTIMIZATION: NEW RESULTS

Goal achieved!

QUENCHING FACTOR MEASUREMENT5
6

BUILDING CONSTRUCTION at LNGS (Italy)

Background  budget evaluation and shielding 

concept investigated using GEANT4 simulations 

(e-Print: 2106.07390) 

7 x 7m water tank, as neutron moderator and 

active Cherenkov veto  

Clean room for detector assembling and  

mounting 

Three level control room will host the DAQ and 

the electronics, the  cryostat-related 

infrastructure and a working area

COLLABORATION 
INFN - Laboratori Nazionali del Gran Sasso, Assergi, Italy 
GSSI - Gran Sasso Science Institute, Italy 
University of L’Aquila, L’Aquila, Italy 
Max-Planck-Institut für Physik, München, Germany 
HIP - Helsinki Institute for Physics, Finland 
HEPHY - Institut für Hochenergiephysik der Österreichischen Akademie der 
Wissenschaften, Wien, Austria 
TU Wien - Atominstitut, Technical University Vienna 
SICCAS - Shanghai Institute of Ceramics, China 

4 Room-temperature measurements planned in 
August 2021 at TUNL in U.S., for different 
concentra8ons of Tl-dopant 

Low-temperature measurements done with AmBe 
source and with the beam of 11MeV neutrons at the 
Meier-Leibnitz Laboratories - Tandem accelerator

However

• Low background detectors on the 

Earth aim at detecting tiny energy 

depositions (O(keV)) released in 

the target material by scatterings 

of dark matter off nuclei or 

electrons

(Komatsu et al., 2011). Identifying the nature of this dark
matter is the longest outstanding problem in all of modern
physics, stemming back to observations in 1933 by Fritz
Zwicky; he proposed the existence of ‘‘dunkle materie’’
(German for ‘‘dark matter’’) as a source of gravitational
potential to explain rapid motions of galaxies in the Coma
Cluster (Zwicky, 1937). Subsequently, others discovered flat
rotation curves in disk galaxies, starting with Babcock (1939)
and followed (more persuasively and with better data) by
Rubin, Ford, and Kent (1970) and Roberts and Whitehurst
(1975). Their results imply that the predominant constituent
of mass inside galaxies must be nonluminous matter [see
Sandage, Sandage, and Kristian (1975) and Faber and
Gallagher (1979) for reviews].

A leading candidate for this dark matter is a weakly
interacting massive particle (WIMP). The terminology refers
to the fact that these particles undergo weak interactions in
addition to feeling the effects of gravity, but do not participate
in electromagnetic or strong interactions. WIMPs are electri-
cally neutral and the average number of interactions with the
human body is at most one per minute, even with billions
passing through every second (Freese and Savage, 2012). The
expected WIMP mass ranges from 1 GeV to 10 TeV. These
particles, if present in thermal equilibrium in the early
Universe, annihilate with one another so that a predictable
number of them remain today. The relic density of these
particles is

!!h
2 ! ð3# 10$26 cm3=sÞ=h"viann; (1)

where !! is the fractional contribution of WIMPs to the

energy density of the Universe. An annihilation cross section
h"viann of weak interaction strength automatically gives the
right answer, near the value measured by the Wilkinson
Microwave Anisotropy Probe (WMAP) (Komatsu et al.,
2011). This coincidence is known as the ‘‘WIMP miracle’’
and is why WIMPs are taken so seriously as dark matter
candidates. Possibly the best WIMP candidate is motivated
by supersymmetry (SUSY): the lightest neutralino in the
minimal supersymmetric standard model (MSSM) and its
extensions (Jungman, Kamionkowski, and Griest, 1996).
However, other WIMP candidates arise in a variety of theo-
ries beyond the standard model [see Bergstrom (2000) and
Bertone, Hooper, and Silk (2005) for a review].

A multitude of experimental efforts are currently underway
to detect WIMPs, with some claiming hints of detection.
There is a three-pronged approach: particle accelerator,
indirect detection (astrophysical), and direct detection
experiments. The focus of this Colloquium is the third
option—direct detection experiments. This field began 30
years ago with the work of Drukier and Stodolsky (1984),
who proposed searching for weakly interacting particles (with
a focus on neutrinos) by observing the nuclear recoil caused
by their weak interactions with nuclei in detectors. Then,
Goodman and Witten (1985) made the important point that
this approach could be used to search not just for neutrinos
but also for WIMPs, again via their weak interactions with
detectors. Soon after, Drukier, Freese, and Spergel (1986)
extended this work by taking into account the halo distribu-
tion of WIMPs in the Milky Way, as well as proposing the
annual modulation that is the subject of this Colloquium.

The basic goal of direct detection experiments is to mea-
sure the energy deposited when WIMPs interact with nuclei
in a detector, causing those nuclei to recoil. The experiments,
which are typically located far underground to reduce back-
ground contamination, are sensitive to WIMPs that stream
through the Earth and interact with nuclei in the detector
target. The recoiling nucleus can deposit energy in the form
of ionization, heat, and/or light that is subsequently detected.
In the mid 1980s, the development of ultrapure germanium
detectors provided the first limits on WIMPs (Ahlen et al.,
1987). Since then, numerous collaborations worldwide have
been searching for these particles, including ANAIS (Amare
et al., 2011), ArDM (Marchionni et al., 2011), CDEX/
TEXONO (Wong and Lin, 2010), CDMS (Akerib et al.,
2005; Ahmed et al., 2010, 2011, 2012), CoGeNT (Aalseth
et al., 2011a, 2011b, 2013), COUPP (Behnke et al., 2012),
CRESST (Angloher et al., 2012), DAMA/NaI (Bernabei
et al., 2003), DAMA/LIBRA (Bernabei et al., 2008, 2010),
DEAP/CLEAN (Kos, 2010), DM-Ice (Cherwinka et al.,
2012), DRIFT (Alner et al., 2005; Daw et al., 2012),
EDELWEISS (Sanglard et al., 2005; Armengaud et al.,
2011, 2012), EURECA (Kraus et al., 2011), KIMS (Kim
et al., 2012), LUX (Hall et al., 2010), NAIAD (Alner et al.,
2005), PandaX (Gong et al., 2013), PICASSO (Barnabe-
Heider et al., 2005; Archambault et al., 2012), ROSEBUD
(Coron et al., 2011), SIMPLE (Felizardo et al., 2012),
TEXONO (Lin et al., 2009), WArP (Acciarri et al., 2011),
XENON10 (Angle et al., 2008, 2011; Aprile et al., 2011b),
XENON100 (Aprile et al., 2012b, 2012c), XENON1T
(Aprile, 2012a), XMASS (Moriyama, 2011), ZEPLIN
(Akimov et al., 2007, 2012), and many others.

The count rate in direct detection experiments experiences
an annual modulation (Drukier, Freese, and Spergel, 1986;
Freese, Frieman, and Gould, 1988) due to the motion of the
Earth around the Sun (see Fig. 1). Because the relative
velocity of the detector with respect to the WIMPs depends

FIG. 1 (color online). A simplified view of the WIMP velocities
as seen from the Sun and Earth. Because of the rotation of the
galactic disk (containing the Sun) through the essentially nonrotat-
ing dark matter halo, the Solar System experiences an effective
‘‘WIMP wind.’’ From the perspective of the Earth, the wind changes
throughout the year due to the Earth’s orbital motion: the wind is at
maximum speed around the beginning of June, when the Earth is
moving fastest in the direction of the disk rotation, and at a
minimum speed around the beginning of December, when the
Earth is moving fastest in the direction opposite to the disk rotation.
The Earth’s orbit is inclined at !60& relative to the plane of
the disk.
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The dark-grey-area indicates the electron-
equivalent energy range of 1-6 keVee, 
where the DAMA experiment observes a 
positive modulation amplitude
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Figure 3: Experimental residual rate of the single-hit scintillation events measured by
DAMA/LIBRA–phase1 and DAMA/LIBRA–phase2 in the (2–6) keV energy intervals
as a function of the time. The superimposed curve is the cosinusoidal functional forms
A cosω(t − t0) with a period T = 2π

ω
= 1 yr, a phase t0 = 152.5 day (June 2nd) and

modulation amplitude, A, equal to the central value obtained by best fit on the data
points of DAMA/LIBRA–phase1 and DAMA/LIBRA–phase2. For details see Fig. 2.

Table 2: Modulation amplitude, A, obtained by fitting the single-hit residual rate of
DAMA/LIBRA–phase2, as reported in Fig. 2, and also including the residual rates of
the former DAMA/NaI and DAMA/LIBRA–phase1. It was obtained by fitting the
data with the formula: A cosω(t− t0). The period T = 2π

ω and the phase t0 are kept
fixed at 1 yr and at 152.5 day (June 2nd), respectively, as expected by the DM annual
modulation signature, and alternatively kept free. The results are well compatible
with expectations for a signal in the DM annual modulation signature.

A (cpd/kg/keV) T = 2π
ω (yr) t0 (days) C.L.

DAMA/LIBRA–phase2:
1-3 keV (0.0184±0.0023) 1.0 152.5 8.0 σ
1-6 keV (0.0105±0.0011) 1.0 152.5 9.5 σ
2-6 keV (0.0095±0.0011) 1.0 152.5 8.6 σ
1-3 keV (0.0184±0.0023) (1.0000±0.0010) 153±7 8.0 σ
1-6 keV (0.0106±0.0011) (0.9993±0.0008) 148±6 9.6 σ
2-6 keV (0.0096±0.0011) (0.9989±0.0010) 145±7 8.7 σ

DAMA/LIBRA–phase1 + phase2:
2-6 keV (0.0095±0.0008) 1.0 152.5 11.9 σ
2-6 keV (0.0096±0.0008) (0.9987±0.0008) 145±5 12.0 σ

DAMA/NaI + DAMA/LIBRA–phase1 + phase2:
2-6 keV (0.0102±0.0008) 1.0 152.5 12.8 σ
2-6 keV (0.0103±0.0008) (0.9987±0.0008) 145±5 12.9 σ

4 Absence of modulation of the background

Careful investigations on absence of any systematics or side reaction able to account for
the measured modulation amplitude and to simultaneously satisfy all the requirements
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TES 
TRANSITION 
CURVE

COSINUS 100kg days

PHYSICS REACH

COSINUS 1π  goal:  clarify if the DAMA signal consists of 
events of dark ma<er sca<ering off nuclei 

Two-data taking runs are planned: 
1st: collect an exposure of 100 kg day in 2023 and 2024 
2nd: collect an exposure of 1000 kg day in 2024-2027

NaI

Interface

thermal link 
to heat bath

Baseline design

Green = B – part  
”light part”

Blue = A – part  
”phonon NaI part”

remoTES design

remoTES idea first suggested  by M. Pyle et al. in 2015  arXiv:1503.01200 
COSINUS successfully operated the first remoTES detector design 
COSINUS successfully operated the first NaI remoTES detector design

Absorber Threshold (eV)

Si

TeO2

323

1100

R&D best results

 Dimension (mm3)

20x10x5

20x10x2

GOAL: lower NaI phonon channel threshold!
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