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The CRESST experiment

Cryogenic Rare Event Search with Superconducting Thermometers
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Detection principle
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CRESST detectors in different runs

Run 33

TUM40
Mass: 246.2g
Exposure: 129.9 kg-d
Threshold: 603 eV

10.1140/epjc/s10052-014-3184-9

Lise Detector A TUM93A
306¢g 236¢g 24¢
159 kg-d 5.7/2.5/5.5 kg-d 3.7/8.8 kg-d
306.7 eV 30.1eV 54 eV

10.1140/epjc/s10052-016-3877-3 10.21468/SciPostPhysProc.12.013

10.1103/PhysRevD.100.102002, media-
tum.ub.tum.de/1393806,10.34726/hss.2021.45935
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https://www.doi.org/10.1140/epjc/s10052-016-3877-3
https://www.doi.org/10.1103/PhysRevD.100.102002
https://mediatum.ub.tum.de/1393806
https://mediatum.ub.tum.de/1393806
https://doi.org/10.34726/hss.2021.45935
https://www.doi.org/10.21468/SciPostPhysProc.12.013

How we develop a background model

Data analysis
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ImpCRESST and CresstDS for simulation

u We developed “ImpCRESST"- a software based on GEANT4
to model backgrounds, and “CresstDS" to apply energy and
time resolution to the simulated data

m Some notable features are:

s m Plans to be published in open source

T — Atomic and nuclear physics optimised for accuracy, especially
below the MeV-scale

— A flexible and extendible handling of experimental geometries

— Recording of data in ROOT files with a structured layout
I '. " — Interface for reading CAD files
B — Interfaces to MUSUN, SOURCES4, and CRY

— Usable in HPC environments via ‘containers’ produced with
P Git Cl/CD pipeline

Eur. Phys. J. C79 (2019) 881. 6/14
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https://doi.org/10.1140/epjc/s10052-019-7385-0

bliss for likelihood fit

Likelihood Prior
Posterior
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(activities)

Observations

m bliss: Bayesian likelihood normalisation of spectral templates

m Based on the Bayesian Analysis Toolkit, using MCMCs and the Metropolis-Hastings
algorithm to determine activities of radioactive contaminants

m Multi-template fit that can handle hundreds of spectral templates and many detectors
simultaneously

m Internal handling of efficiencies and optional secular equilibrium
m Easy to use via macro files

a Plans to make ‘bliss’ public
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https://bat.mpp.mpg.de/

First CRESST likelihood-fit based background model
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m Performed a Bayesian extended binned log-likelihood fit of the templates to the data

® We can explain ~83% of the observed background above 1 keV


https://doi.org/10.48550/arXiv.2307.12991
https://doi.org/10.48550/arXiv.2307.12991

First CRESST likelihood-fit based background model
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m Performed a Bayesian extended binned log-likelihood fit of the templates to the data

® We can explain ~83% of the observed background above 1 keV 8/14


https://doi.org/10.48550/arXiv.2307.12991
https://doi.org/10.48550/arXiv.2307.12991

Run 33 extended background model
Simultaneous fit of TUM40 and Lise modules

shield)

5.6 billion events simulated

226 templates per detector
: 46 internal radiogenic (IR)
46 holders radiogenic (HR)
46 shielding radiogenic (SR)

+6 foil radiogenic (FR)
27 internal cosmogenic (IC)
)_/P

7 holders cosmogenic (HC
7 shielding cosmogenic (S(/’
1 bronze cosmogenic (BC)

110+ years CPU time

108 — 226 spectral
templates

Bulk contaminations

a From a single detector
module — extended
geometry (until cryostat

a More radioactive sources:
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Run 33 extended background model
TUMA4O0 results
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m Majority of background from internal contamination
w Explainable percentage (EP) = 90.5%
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Run 33 extended background model

Lise results
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Run 36 extended background model

10k TUM93A!
s EP: 94.9%

Counts / (1.1 keV)*!

Counts / (0.9 keV)!

Energy / keV
m Highly radiopure crystal with limited statistics in the data
m The fitting is challenging due to the limited number of features in the spectrum

m Geant4 is validated for energies above ~250eV, necessitating reliable energy loss simulation

in the low-energy range
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Not only background model!

Surface contamination including different roughness - See talk by C. Griiner

u ELOISE - Reliable background simulation at sub-keV energies - See talk by H. Kluck

55Fe source simulation (different runs, different geometries, occurring peaks etc)

a Cosmogenic activation of crystals

Extended background models (more materials, different targets etc)

Study new detector modules design for future Runs

m Extensive screening campaign
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Thank you!



FACULTY OF MATHEMATICS,
PHYSICS AND INFORMATICS

Comenius University
Bratislava
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Run 34 extended background model
Detector A

L e s
179Ta(L1,12)
J

Counts

L T — 30 40 50 60 70 80
E / keV
m Limited energy range up to 500 eV; extension of the range in progress with “saturation” fit
technique

Work in progress to include many spectral templates from carousel which are missing in the
current fit; high statistics simulations to be done o1
4



Internal Radiogenic backgrounds
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Internal Cosmogenic backgrounds
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The activation of ¥2W in CaWOQ, leads
to several peaks in the spectrum

179Ta (T, =1.82 yr) decay via EC with
peaks at

2.60 keV (M1 shell)
10.74 keV (L2 shell)
11.27 keV (L1 shell)
65.35 keV (K shell)

1BIW (T4, =121.2 d) decay via EC with
a peak at

73.6 keV (=67.4 keV X-ray + 6.2 keV +)

3H beta-decay spectrum is also expected


https://doi.org/10.1088/1742-6596/2156/1/012227

Internal Cosmogenic backgrounds
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https://doi.org/10.1088/1742-6596/2156/1/012227

Neutron backgrounds

a Multiple sources

Muon-induced neutrons,

Ambient (a,n) + SF from
LNGS rock,

Internal (a,n) + SF
neutrons.
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Neutron backgrounds
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