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HEPHY and TU Wien ATI participate in four 
interrelated projects centered around Nuclear 
Recoils(NR) in cryogenic detectors as signature 
for rare events:

ÅCRESST to search for NR caused by elastic 
scattering of Dark Matter (DM) in various target 
crystals

ÅCOSINUS aim to check DAMAs DM claimvia NR 
in NaIcrystals

ÅNUCLEUSto measure coherent elastic 
neutrino-nucleus scatteringό/9˄b{ύ at full 
coherency

ÅCRABto develop a sub-keV calibration source 
for NR

CalibratedRecoilsforAccurateBolometry



The Technique
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Measure NR with TES based cryogenic calorimeters
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ÅTechnique developed within 
the CRESST experiment over 
the last 30 years

ÅRecoiling nucleusinduced by 
/9˄b{Σ ƻǊ ǎŎŀǘǘŜǊƛƴƎ ƻŦŦ 5a 
particle or neutrons

ÅCryogenic target@ O(10mK)

DM, n, ˄



Measure NR with TES based cryogenic calorimeters
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ÅSignature: recoiling nucleus

ÅCryogenic target @ O(10mK)

ÅPhononsignal: measurement of 
recoil energy

ɲE/C= ɲT
1keV ~ 1µK



Measure NR with TES based cryogenic calorimeters
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ÅSignature: recoiling nucleus

ÅCryogenic target @ O(10mK)

ÅPhonon signal: energy

ÅRead-out by a TES(transition 
edge sensor)



Measure NR with TES based cryogenic calorimeters
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ÅSignature: recoiling nucleus

ÅCryogenic target @ O(10mK)

ÅPhonon signal: energy

ÅRead-out by a TES

ÅSometargets (e.g. CaWO4, NaI) 
scintillate: separated light 
detector placed inside a 
reflective housing



Measure NR with TES based cryogenic calorimeters
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ÅSignature: recoiling nucleus

ÅCryogenic target @ O(10mK)

ÅPhonon signal: energy

ÅRead-out by a TES

ÅScintillation light signal: 
particle dependent

Ą Particle identification

Energy / keV
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Target: CaWO4



Measure NR with TES based cryogenic calorimeters
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ÅSignature: recoiling nucleus

ÅCryogenic target @ O(10mK)

ÅPhonon signal: energy

ÅRead-out by a TES

ÅScintillation light signal: 
particle dependent

Ą Particle identification
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Discrimination between
Åelectron recoils,

i.e. dominant radioactive background
Ånuclear recoils,

i.e. potential DM signal

Target: CaWO4



The Experiments
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Dark Matter induced NRs

12

Expected spectrum of DM induced elastic, NRs:

Interactions traditionally classified as 
spin-independent (SI) or spin-dependent (SD)
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Rotation curve of the Milky Way
ĄDM is accessible here onEarthÎ!

Sum

DM halo

Bulge

Disk

Constrain free parameters of DM 
mass mDM and DM/SM interaction 

cross section 
Ὠ„

ὨὉ
by searching for 

DM induced nuclear recoils above 
the expected background

Spectrum is steep for low mass DM
Ą Search for light DM requires alow 

detection threshold
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[J. Billard et al., Rep.Prog.Phys.85 (2022) 056201]

[Y. Sofue, Publ.Astron.Soc.Jap. 64 (2012) 75]

https://dx.doi.org/10.1088/1361-6633/ac5754
https://doi.org/10.1093/pasj/64.4.75


The CRESST experiment
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Eric Gaba, NordNordWest

Located in Italy,
at the LaboratoriNazionalidel
Gran Sasso(LNGS), shielded by
3600m w.e. against atmospheric background

n shield:
45cm PE
+ inner PE

Active µ veto

ʴ ǎƘƛŜƭŘΥ
20cm Pb

14cm Cu against
background from Pb

Cryostat

Main absorber: (2x2x1)cm3, broad choice of

materials e.g. CaWO4 (24g), Al2O3 (16g),

LiAlO2 (10g), Si (9g)

Thin wafer detector:(2x2x0.04)cm3, Si or 

silicon-on-sapphire (SOS) serves as 

light detector for scintillating absorbers

Sensors: W-TES directly evaporated on the crystals

Holding structure: light-tight copper housing,

scintillating reflector foil

detectors held by sticks from CaWO4 or copper
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Latest Results
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Detector Aï23.6 g CaWO4

data taking period Oct 2016 ïJan 2018

exposure 5.698 kg · days

baseline resolution 4.6 eV

nuclear recoil threshold 30.1 eV

Li1 detectorï11.2 g LiAlO2

data taking period Nov 2020 ïAug 2021

exposure 1.161 kg days

baseline resolution 12.8 eV

nuclear recoil threshold 83.6 eV

Isotope ộSpỚ ộSnỚ

6Li 0.472 0.472

7Li 0.497 ---

27Al 0.343 0.0296

Isotopes sensitive to SD interactions:Si2 wafer detectorï0.35 g Si

data taking period Nov 2020 ïAug 2021

exposure 55.06 g days

baseline resolution 1.4 eV

nuclear recoil threshold 10.0 eV

Č Wide range of targets, routinely achieved thresholds < 100 eV

Č CRESST is leading the light DM search with standard

cryogenic detectors 

SI limits SD limits

[G. Angloher et al., Phys.Rev.D106(2022) 092008][A.H. Abdelhameedet al., Phys.Rev.D100(2019) 102002]

https://doi.org/10.1103/PhysRevD.106.092008
https://doi.org/10.1103/PhysRevD.100.102002


Low Energy Excess (LEE)
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First observations: 2016 ï2018 (CRESST-III DetectorA)

Unexplained event population at low energies, 
not only observed by CRESST but also other experiments
Å Different shape in different detectors
ĄNo common particle origin, i.e. no DM

Å Not reproduced in MC background model with ImpCRESST
code 
ĄRadioactive background unlikely, but dedicated
validation campaign started: ELOISE (FWF: P 34778-N)

Å Count rate decrease over time
Ą Some relaxation effect? Stress-induced?

Č Limitation for DM results! Ongoing R&D to investigate and mitigate

Different LEE in different detector shapes and materials

CRESST background model (e.g. TUM40 detector) stays ~flat LEE decrease over time
[G. Angloher et al., IDM2022 Proc., arXiv:2207.09375]

[G. Angloher et al., IDM2022 Proc., arXiv:2207.09375]

[A.H. Abdelhameedet al. Eur.Phys.J. C 79 (2019) 881]

https://doi.org/10.48550/arXiv.2207.09375
https://doi.org/10.48550/arXiv.2207.09375
https://doi.org/10.1140/epjc/s10052-019-7385-0


Status
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Exciting new DM results:

ÅExtending reach to lower masses with 10eV threshold Si detector

ÅUnique ability to use a wide-range of target materials enables SD
results with LiAlO2 absorbers

ÅRoutinely achieved thresholds <100eV

ÅLeadingcryogenic experiment at the sub-GeVc-2 scale

Broad R&D program to identify the origin of the LEEand mitigate its effects

Ongoing efforts to improve detectors(lower thresholds, increase radiopurity of crystals, ōŀŎƪƎǊƻǳƴŘ ƳƻŘŜƭƛƴƎ Χύ

Preparing for a major infrastructure upgradeto accommodate up to 100 detector modules
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Annual modulated DM events

18

[R. Bernabei, Lomonosov conference, 08/2021]

Only strong claim to DM detection by DAMA, based on annual modulated event rate:
Å ~25years of data
Å 2.86 tonneyears exposure
Å моΦтˋ ǎǘŀǘƛǎǘƛŎŀƭ ǎƛƎƴƛŦƛŎŀƴŎŜ 
Å Period: (0.99834 ±0.00067) years
Å Phase: 22th May +/- 4 days
Č match DM expectation 

Χ ōǳǘ ǎǘǊƻƴƎ tension with other experiments
Χ ōǳǘ Ƴƻǎǘ ƻǘƘŜǊ ŜȄǇŜǊƛƳŜƴǘǎ ǳǎŜ ŘƛŦŦŜǊŜƴǘ ǘŀǊƎŜǘ ƳŀǘŜǊƛŀƭǎ

[J. Billard et al., Rep.Prog.Phys.85 (2022) 056201]

https://dx.doi.org/10.1088/1361-6633/ac5754


Objective
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COSINUS aims at a model- and material-independent test of DAMA

Novel and unique: operation of NaIas cryogenic detector
Å Low threshold (in particular for nuclear recoils)
Å Precise energy information
Č Signal-onlymeasurement of potential DM signal

ÅDM spectrum: 
10 GeVc-2, 2x10-4 pb

ÅValues for quenching factors from: 

Å1keV nuclear recoil threshold

ÅFlat background: 1 /(keV kg d)
+   40K background: 600µBq/kg

What DAMA can see What COSINUS can see

[G. Angloher et al., Eur.Phys.J. C76 (2016) 441]

[V.I. Tretyak, Astropart.Phys. 33 (2010)40]

https://doi.org/10.1140/epjc/s10052-016-4278-3
https://doi.org/10.1016/j.astropartphys.2009.11.002


Measuring NRs in NaI
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NaIĄ Au-wire/pad Ą TES

Phonons couple directly to electron system of Au-pad

Neutron calibration

5.9 keVfrom 55 Fe source

Č First NaIdetector
with particle identification
on event-by-event basis

NaIis hygroscopic and has a low melting point
ĄNo direct evaporation of TES possible
Č remoTESdetector design

Background data:

Na and I recoils
from elastic n scattering

[G. Angloher et al., Nucl.Instrum.Meth. A 1045(2023) 167532]

https://doi.org/10.1016/j.nima.2022.167532


DIN EN 20 216 -   A0 (841 x 1189)

COSINUS at LNGS
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Clean room

Control 
building

Dry-well supported by 
tripod

Water tank
Cryostat + 8cm Cu 

shield

Å Installed at LNGS to shield against 
atmospheric background

Å Water tank as passive shield and active 
(Cherenkov) veto

Å Shielding design optimized with MC 
Simulations (ImpCRESSTcode)

COSINUS detector

[G. Angloher et al., Eur.Phys.J. C82 (2022) 248]


