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Direct search for dark matter

» Hypothetical interaction of galaxy-bound dark matter
particles with detector material

» Elastic scattering off nuclei
» Measured quantity for energy reconstruction:
- Energy of recoiling nucleus

As|9y49g ‘elusoyije) 4o Alisianiun Jo Asaunod adew|

Illustration by Sandbox Studio, Chicago;

Courtesy of FermilLab
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CRESST

(Cryogenic Rare Event Search with Superconducting Thermometers)

» Located undergound at
Laboratori Nazionali del Gran Sasso
(LNGS)

» Operational in different
configurations since 1999

> CRESST-Ill Phase one
started in July 2016

» Target:
CaWO04 crystals

(scintillating)
> Previous result:

CRESST-Il Phase 2 in 2015
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CRESST wor

adout based on two channels e e light detector (with TES)

* Phonon signal (heat) 2 L O

____ reflective and

* Scintillation light = pa [ semaing s

Operation as cryogenic calori

Temperatures ~10 mK
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Where we start off...
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The CRESST-III experiment

. T \.
/ *f————;!:-_—;\____‘ca-.«-oglsucks wih » Improved detector design

holding clamps (with TES)

Cawo ,target crystal

(with TES) > |n older deSignS:

A

I || | Reflecting and Background events due to metal holding clamps
scintillating housing

«— ' Llight detector
(with TES)

-> Included instrumented sticks to measure background
already for some modules since 2014
\ = _// ( y )

» Fully scintillating housing

» Design goal: nuclear recoil thresholds
of 100eV and below

» Operating since July 2016
— High-Statistics gamma calibration
— High-Statistics neutron calibration




Data characteristics: Short overview

Hardware threshold (measured with test pulses):
Analyzed data period: 31.10.2016 - 05.07.2017

Non-blind data (dynamically growing): 20% , randomly selected
Detector mass: 24 g

Total live-time: 2391 h

Total exposure: 2.39 kg days

Net exposure: 2.21 kg days

Analysis threshold:

vV Vv VvV VWV WV WV V V¥
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trategies:
Smaller crystals (Det. A:
- Improved radiopurity

Threshold
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Event Selection

ply cuts to remove pulses for which cor
termination is not guaranteed

Event 1322 - Wed Nov 16 2016 12:18:54.634 (UTC)

® General data qu
Events which canno
R B Electronic features,

Event 606859 - Sun 12-Feb-2017 21:06:26.167 (CE

LA LA L L L

® Pulse shape g

: :,; events in iSticks,

e Coincidence
Events coincid
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Cut efficiency in 100

Survival Probability of Nuclear Recoil Events After Cuts

Z g5 PRELIMINARY
g C
educed efficiency e
ue to cuts o83 |
u.szf— .
Simulate signal pulses o [
, B, u.af—
Determine survival -
probability as function ""E" | Analysis threshold
of energy T T S Tl

Ener‘g}r [keV]
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Results of unblinded 100 eV analysis

PRELIMINARY-:
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Results of unblinded 100 eV analysis

Projection on phonon en
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Results of unblinded 100 eV analysis
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Results of unblinded 100 eV analysis
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Results of unblinded 100 eV analysis

ojection on phonon en
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Preliminary
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Outlook

» Understand new background

(More statistics, distinct separation criterion, ...)

» High-threshold analysis above 100 eV to be
performed for other detectors

» Low-threshold analysis will exploit full
potential of detectors

More results to come!
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Analysis Workflow

oduced coninuous D£4
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Additional Ma

Neutron calibration
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Additi

Trigger-threshold as determined with
the optimum trigger
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Gram-Scale Calorimeters

Transition-edge-sensor First prototype detector

Al,O; crystal 0.5g successfully tested:
* operated above ground
* setup without shielding

—> Operation in high-background
environment demonstrated
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Add

Results from a Gram-Scale Calorimeter
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Extending dark matter searches to masses below 500MeV/c?
* Robust analyis, no data-quality cuts applied
*  Use Yellin optimum interval method
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