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Scintillating CaWO, target crystals

e Cryogenic detectors @T=15 mK

* Nuclear recoll discrimination via
measurement of phonons and
scintillation light

e Located in hall A of LNGS
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 Introduction (low mass challenge, CRESST detectors)
 Recent low mass results from CRESST-II phase 2

 Upcoming phase CRESST-III



The low mass challenge

dn/dE for M, =2 GeV/c®, 6=60 eV
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The low mass challenge

dn/dE for M, =2 GeV/c®, 6=60 eV

 Threshold is the
key parameter
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» Target with light
nuclei important
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neutron test (ch41/42)
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Phonon and light signals: W -TES (~15 mK) and SQUID readout
Phonon signal allows energy measurement with < 100 eV resolution and accuracy
Light signal distinguishes types of interaction

Types of recoiling nuclei have slightly different slopes in energy-light plane



neutron test (ch41/42)
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Phonon and light signals: W -TES (~15 mK) and SQUID readout

Phonon signal allows energy measurement with < 100 eV resolution and accuracy

Light signal distinguishes types of interaction
Types of recoiling nuclei have slightly different slopes in energy-light plane
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Cawo, crystal clamps
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light detector - phonon detector




RESST |l Phase 2

Data taking: July 2013 — August 2015

Results from low mass analysis of CRESST-Il phase 2



Data taking: July 2013 — August 2015

First Phase 2 analysis on low mass dark matter particles:
« Single module, fully scintillating design
« Self grown crystal (TUMA40), lowest intrinsic background
« 2013 data set, 29 kg days of exposure, 600 eV threshold
* Non-blind analysis
« Paper submitted in July 2014
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Particles and Fields




Data taking: July 2013 — August 2015

First Phase 2 analysis on low mass dark matter particles:

Single module, fully scintillating design

Self grown crystal (TUM40), lowest intrinsic background
2013 data set, 29 kg days of exposure, 600 eV threshold

Non-blind analysis
Paper submitted in July 2014

Trigger thresholds of several modules lowered

Final Phase 2 results on low mass dark matter particles:

Single module Lise

Commercial crystal, higher intrinsic background
Lowest threshold

52 kg days of exposure

Blind analysis

Paper submitted in September 2015
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Particles and Fields

EPJ C Highlight - Bright sparks shed new light on
the dark matter riddle

Published on Wednesday, 27 January 2016 1804

B 2 Highest sensitivity detector ever used for very
| 3 light dark matter elementary particles
o The origin of matter in the universe has puzzled

s physicists for generations. Today, we know that

LIRNL LR ® matter only accounts for 5% of our universe; another
Data qathered by the detectar 25% is constituted of dark matter. And the
module Lise depicted in the remaining 70% is made up of dark energy. Dark

light yield energy plane. rmattar itealf ranrasents an uneolyard ridrlla



ector Lise

“Conventional” design

Crystal: commercial

Threshold: 307eV

Resolution: 62eV at low energies

* Average overall performance

 Lowest threshold



Detector Lise
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ely Background

External *°Fe
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ely Background
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50% O recoils below

99.5% W recoils above
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50% O recoils below

Counts per 100V

Pggire,.
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Exclusion limit

Extends searches to sub-GeV/c2 range
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Dark Matter Particle-Nucleon Cross Section (pb)
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Modules for CRESST Il

.. CaWOs4 sticks with
holding clamps

target crystal
(with TES)

reflecting and
scintillating housing

light detector
(with TES)
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Modules for CRESST Il

Preliminary

CRESST-III prototype

& E=5.9keV
Cryostat 1 Munich

CRESST-II “Lise”
E=5.9keV
Cryostat Gran Sasso

20 40
time (ms)
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10 modules mounted last week in Gran
Sasso

Start of CRESST Il in April




100 eV threshold

Franz Probst MPI Munich

CRESST Il projection

Coherent Neutrino Scattering on CaWO,

WIMP mass [GeV/c’]
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e« 20 eV threshold

Franz Probst MPI Munich

CRESST Ill projections
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CRESST Il phase 2 projection
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CRESST Il phase 2 projection
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CRESST-Il (2014)

CDMSlite 2015
CRESST-II (2015)

CRESST projection (100 eV, 1000 kg-days, improved bkg)
1 CRESST projection (20eV, 1000 kg-days, improved bkg)

» factor 100 reduced
background
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e 20 eV threshold

Coherent Neutrino Scattering on CaWO, LUX 2013
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* CRESST-Il demonstrated potential of CRESST

technology for low-mass WIMP search
Very low threshold for recoil energies: ~300eV
Nuclear-recoil energy scale precisely known
Background discrimination down to low energies
Efficient rejection of surface backgrounds
Multi-element target with low mass nuclei

DN NI NI NI

 CRESST-IIl has unique potential to explore low-mass
WIMP region, sensitivity may allow to see first solar

neutrinos

v" Threshold of ~50 eV demonstrated with prototype detector in
Munich

v Start in April



Backup slides
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Ch21: Pulse height of heater pulses
Transition curve
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Energy spectrum of events in e/y-band

TUM40 bck_1t0353
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Detector designs

conventional
light detector (with TES)

absorber crystal

glue

carrier crystal (with TES)

scintillating
holding clamps

light detector (with TES)

block-shaped target crystal

CaWwQ, sticks
(with holding clamps)

reflective and
scintillating housing




Lise vs. TUM40

light detector (with TES)

block-shaped target crystal

CaWwoO, sticks
(with holding clamps)

reflective and
scintillating housing
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Long term stability
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1ISticks

Gamma event ~ 40keV in iStick

time (ms)




Xciting Progress

Chemical purification of CaCO, T
powder:

J MUNCHEN

* Measurements indicate purification
> Th contamination decreased by factor 2-7
> U contamination decreased by factor 15-35

* Crystal growth with cleaned powder successful

Ingot for 3-4 CRESST-III

* Two such crystals will be already implemented in
CRESST-IIl phase 1

work by H.H. Trinh Thi, A. Munster, A. Erb
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