Federica Petricca for the CRESST collaboration

Direct dark matter search with the

CRESST-llI'experiment

Federica Petricca

24 - 28 July 2017
Sudbury, ON, Canada

Topics in Astroparticle
and Underground Physics




Federica Petricca for the CRESST collaboration 24 July 2017

The collaboration

SHEP

Institut fOr Hochenergiephusik Afa.67>;’f

Max-Planck-Institut fiir Physik

(Werner-Heisenberg-Institut)

U [\‘f‘f‘\'}ﬁ’fg g"]‘—‘r‘AT TECHNISCHE INFN

: UNIVERSITAT " LNGS
TU BI N G E N MUNCHEN Istituto Nazionale di Fisica Nucleare

Laboratori Nazionali del Gran Sasso

Direct dark matter search with the CRESST-IIl experiment



Federica Petricca for the CRESST collaboration 24 July 2017

CRESST

Laboratori Nazionali del Gran*Sasse : : X1 0-8/(3 sz)
- YS! :'5;73/(3 cm?)
- neutrons: 4x10°° n/(s €M?) o tckert/mpp

Direct dark matter search with the CRESST-III experiment
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CRESST detectors

Scintillating CaWO, crystals as target

Target crystals operated as
cryogenic calorimeters (~15mK)

Separate cryogenic light detector to detect the
scintillation light signal OR. Lang/MPP

Direct dark matter search with the CRESST-III experiment
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CRESST detectors

Scintillating CaWO, crystals as target

Target crystals operated as
cryogenic calorimeters (~15mK)

Separate cryogenic light detector to detect the
scintillation light signal OR. Lang/MPP

ely
Light Yield = Light signal/Phonon signal

Characteristic of the event type

Light Yield

Discrimination between potential signal
events (nuclear recoils)

and dominant radioactive background
(electron recoils)
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CRESST-II'results (TAUP 2015)

Crystal: Lise - background level =8.5 counts/(keV kg day)
Threshold: 307eV
Resolution: 62eV at zero energy
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CRESST-lII'low threshold detectors

Detector layout optimized for low mass dark matter
Radical reduction of dimension

* Cuboid crystals of (20x20x10)mm?3 (=24g)

* Self grown crystals =3 counts/(keV kg day)
100 eV threshold

* Fully scintillating housing Veto surface
related background

* |nstrumented sticks

Direct dark matter search with the CRESST-IIl experiment

‘ﬁ CaWO0, sticks with
holding clamps (with TES)

- CaWwO 4 target crystal
(with TES)

Reflecting and
I I il scintillating housing

«— 1 Light detector
(with TES)

©T. Dettlaff/MPP . } ©A. Eckert/MPP
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CRESST-III' Phase 1

Mt sss -
it fr_lrzrzrb' P 4 1

PP PP sl
Data taking started July 2016
* High statistics gamma calibration

* High statistics neutron calibration
* 20% of DM data as training set

-©R. Strauss/MPP
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Pulse-height evaluation with optimum filter

Template pulse
The Gatti-Manfredi filter is an
optimum filter which maximize
the ratio between the
amplitude of the treated pulse
and the noise RMS
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Typical improvement in resolution by using the optimum filter: factor 2-3
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Optimum trigger — Detector A

Optimum filter for threshold analysis

Counts
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New frontier in direct dark matter detection

Optimum thresholds

140 | | Thres;hold |
120 - Det B 7
100 Design goal _ I
807 -+Det D Det E |
60 - T |
IDetJ
40 - i
0L +Det A o o |
Preliminary
! A B D E J

Detector

5 detectors reach/exceed CRESST-IIl design goal
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Analysis started (of course) from detector A

Data taking period:

Non blind data (dynamically growing):
Detector mass:

Total exposure:

Net exposureafter rate/stability cut

(control of operating point and noise conditions):

Analysis threshold:

Direct dark matter search with the CRESST-IIl experiment

©A. Eckert/MPP

31.10.16 - 05.07.17
20% randomly selected

24g
2.39 kg days

2.21 kg days
100 eV

12



Federica Petricca for the CRESST collaboration 24 July 2017

Detector A — 100eV. threshold analysis

Selection criteria and efficiencies

Survival Probability of Nuclear Recoil Events After Cuts

0.88

Selection criteria to remove pulses '
where a correct determination of the
amplitude is not guaranteed
Designed on non blind data (20% of
dark matter randomly selected) not
included in the final exposure
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Detector A — neutron calibration

Light Yield
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Detector A — 100eV. threshold analysis

The blind data - LY vs. Energy

Unblinding for energies >100eV on July 10t
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Detector A — 100eV. threshold analysis

The blind data — Energy spectrum

Background in energy range 1-40keV =3.5 counts per (kg keV day)
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Detector A — 100eV. threshold analysis

The blind data — Energy spectrum zoom
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Detector A — 100eV. threshold analysis

The blind data — Acceptance region

Acceptance region chosen before unblinding
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Detector A — 100eV. threshold analysis

The blind data — Energy spectrum accepted events
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Detector A — 100eV. threshold analysis

The blind data — Energy spectrum accepted events
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Detector A — 100eV. threshold analysis

The exclusion limit
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Detector A — 100eV. threshold analysis

The exclusion limit - improvements
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Detector A — 100eV. threshold analysis

The exclusion limit - improvements
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Detector A — 100eV. threshold analysis

The exclusion limit - limitations
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Detector A — 100eV. threshold analysis

The exclusion limit - limitations
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Detector A — 100eV. threshold analysis

The exclusion limit - limitations
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This is just the beginning

3 times lower optimum threshold (than 100eV analysis threshold)
for detector A

3 other detectors with thresholds << 100eV

3 times more statistics = deeper understanding of backgrounds

In the meanwhile we continue to take data

Direct dark matter search with the CRESST-IIl experiment
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New frontiers...

... NEW potentials...
... new challenges!

Direct dark matter search with the CRESST-IIl experiment



