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Dark Matter (DM) particle candidates (_:_R;SST

Cryogenic Rare Event Search
with Superconducting Thermometers
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CRESST is looking for elastic recoil of light DM (sub-GeV)
particles
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Challenges for light DM search CR;SST

Cryogenic Rare Event Search
with Superconducting Thermometers

Recoil-spectra of CaWO, for different DM masses
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J. Rothe (2020), Low-Threshold Cryogenic Detectors for Low-Mass Dark
Matter Search and Coherent Neutrino Scattering,
http://mediatum.ub.tum.de/?id=1576351
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Background reduction CRKS.S_T

Cryogenic Rare Event Search
with Superconducting Thermometers
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Strauss, R., et al. "Beta/gamma and alpha backgrounds in CRESST-II Phase 2." Journal of Cosmology and
Astroparticle Physics 2015.06 (2015): 030.

Angelina Kinast, CRESST, EDSU2022



CRESST detector principle (_:R E( SST
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CRESST detector principle

Crystal
()
/5
/ @
| )
: Q.
{ X :
5
W — d
TES Heat Time
bath
~10 mK

Energy deposition wmp  Temperature rise AT O(uK)
AE O(100 eV)

Achievable thresholds: O(10 eV)

2 channel readout of scintillating crystals:
particle discrimination event-by-event
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First Results of CRESST-III CRESST

Cryogenic Rare Event Search
with Superconductina Thermometers
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Modification of detector modules (_:_RKSST

Cryogenic Rare Event Search
with Superconducting Thermometers

LiAlO, TUM - CaWO;, Commercial - CaWO,

» Various target materials

» Detector holding

« Scintillating parts

« Fe source for accurate energy calibration

Data-taking ongoing since November 2020
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Low-energy spectra (_: R ;( SS_T

\)\’('S\. Cryogenic Rare Event Search

\\\e\N ReS 3 rX]V: 2207 . 09375 with Superconducting Thermometers

Latest observations on the low energy excess in CRESST-III
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« Excess observed in all detectors, same shape, different thresholds
« Rate of Excess does not scale by mass and is observed in all materials
with varying rate

- Excludes external origins like DM or external radioactivity
Angelina Kinast, CRESST, EDSU2022



https://arxiv.org/abs/2207.09375

Time Dependence

Observations:

Rate decays with similar
decay time for all detectors
* Decay time ~150 days

 No influence of neutron
calibration

CRESST
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Temperature dependence

Observations:

Rate decays with similar
decay time for all detectors
* Decay time ~150 days
No influence of neutron
calibration

Rate resets after warm-up
to 60 K (no effect at 200
mK and 600 mK)

Decay time after warm-up
~20 days

Excludes external and
intrinsic radioactivity and
DM as origin!

Hints towards solid-state
effect
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Spin-independent DM results C RzSST

Cryogenic Rare Event Search
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Spin-dependent DM results C R;(SST

Cryogenic Rare Event Search

L.IAlO2 deteCtOF threshold 83.6 ev with Superconducting Thermometers
Data taking: Nov 2020 - Aug 2021
Exposure: 1.161 kg d

« Leading proton limits between 0.25 and 2.5 GeV/c?
 Leading neutron limits between 0.16 and 1.5 GeV/c? arXiv:2207.07640

Testing spin-dependent dark
matter interactions with lithium
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Dedicated study of the excess ongoing

First results exclude a particle-like origin and
DM

Hint towards solid-state process i.e. stress
related effects
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Outlook:

Excess studies ongoing, other temperature cycles
are planned

Detector R&D
« Study stress as a source of the excess
* Lower thresholds of detectors

Upgrade of the CRESST setup planned afterwards
to increase number of available channels to 288




Summary:

New leading exclusion limits for both spin-
dependent and spin-independent DM search

s CRESST.III 12022 (this work) = CRESSTMI2019 = = = CRESST

EDELWEISS surt. 2019 == NEWS.G 2018

3,
b

Z 3
2
A

-
Q
\S

g

R ]

Dark Matter Particle-Nucleon Cross Section (pb) !
- \

[

\\

- o
e 9 -
B o
m

-

E best between 0.135 GeV/cand 01165 GeVic? E
3

1%.08 04 02 03 04 0506 1

Dark Matter Particle Mass (GeV/c?)

SUM.2017 = = = SuperCOMS-CPD.

310%%

4 10%g

S
41075
362
21078
e 102

N 10%

200

E

B S
{1022
EI-
{108
ER
410%3
Ela:
= 10%%2

=3

-4-3 z
410%&

3 o

Matter Parti

Da

10%°

—— e s Borexino 2019

= —— Chessriieon
~10""g 3102
210"k 4102 §
£10°F 4107 g
g 10° g\ {10 %
2 107-‘\ \ \ -/‘510729 o
S 6§\‘ h e ——‘\“"—" 3,130 g
S 10 g—\\—‘ s " \ _;10 =
8 10° N e\ =107 §
S 10k N\ i s et o A J102 &
e E S N\ 3,038 2
$10°g g 110 §
§ 10°E = —— 10 £
5 10F RESST LiALO, 10 &
g 1e 210_36 B
%10'1; best between-0:25-and-2:5-GeW/c? 410% E
S810° 5503 i 560 &8

1 2 3 45
Dark matter particle mass (GeV/c?)

Dedicated study of the excess ongoing
» First results exclude a particle-like origin and

DM

» Hint towards solid-state process i.e. stress

related effects
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Outlook:

Excess studies ongoing, other temperature cycles
are planned

Detector R&D
« Study stress as a source of the excess
* Lower thresholds of detectors

Upgrade of the CRESST setup planned afterwards
to increase number of available channels to 288
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CRESST

Cryogenic Rare Event Search
with Superconducting Thermometers
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CRESST Detectors CRE/SS_'F

Cryogenic Rare Event Search
with Superconducting Thermometers

» 20x20x10 mm phonon detector
» 20x20x0.5 mm light detector

Angelina Kinast, CRESST, EDSU2022



CRESST

Cryogenic Rare Event Search
with Superconducting Thermometers

Name Material Holding Foil Mass Threshold

Comm2 CaWwo, bronze clamps no 245g 29eV
TUM93A Cawo, 2Cu+1CaWwO, vyes 245¢g 54 eV
Sappl Al,O, Cu sticks no 159g 157 eV
Sapp2 Al,O, Cu sticks yes 159¢g 52eV
Lil LIAIO, Cu sticks yes 11.2¢9 84 eV
Si2 Si Cu sticks no 035¢g 10eV



Analysis CR}‘SS_'F

Cryogenic Rare Event Search
with Superconducting Thermometers
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Event Discrimination CRESST

Cryogenic Rare Event Search
with Superconducting Thermometers

Neutron Calibration for definition
of nuclear recoil band
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Nuclear Recoil Calibration at 100eV scale CRESST

https://arxiv.org/abs/2211.03631

/\/ Cryogenic Rare Event Search
with Superconducting Thermometers
Sy, P

Observation of a nuclear recoil peak at the 100eV scale induced by neutron capture
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