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Direct DM search: the current landscape
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The CRESST Collaboration
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The CRESST Collaboration
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The CRESST EXperiment = Cryogenic Rare Event Search with Superconducting Thermometers

* Direct DM search using cryogenic
detectors

* Located @ LNGS (central ltaly)
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The CRESST EXperiment = Cryogenic Rare Event Search with Superconducting Thermometers

* Direct DM search using cryogenic
detectors

 Located @ LNGS (central ltaly)

* Rock overburden ~ 3500 m.w.e. =3 oo G
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The CRESST EXperiment = Cryogenic Rare Event Search with Superconducting Thermometers

* Direct DM search using cryogenic
detectors

* Located @ LNGS (central ltaly)

* Rock overburden ~ 3500 m.w.e.

~ 3500 m.w.e.

’Aquila
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The CRESST EXperiment = Cryogenic Rare Event Search with Superconducting Thermometers

* Direct DM search using cryogenic
detectors

* Located @ LNGS (central ltaly)

* Rock overburden ~ 3500 m.w.e.

~ 3500 m.w.e.
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The CRESST EXperiment = Cryogenic Rare Event Search with Superconducting Thermometers

Direct DM search using cryogenic
detectors

* Located @ LNGS (central ltaly) e«

e Rock overburden ~ 3500 m.w.e.
Shielding:

 |Lead, copper, P

e Active muon veto

* N> flushed radon box
Cryostat:

e Base temperature: 5mK

« SQUI

Cryogenic detectors:

e Scin

crystals

e Multl

o P
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CRESST Detector Module

e Scintillating CaWQ4 target crystals as cryogenic
detectors — high sensitivity to nuclear recoils

* Precise energy measurement using lTungsten Transition
—dge Sensors (W TES)

CaWQOq4 .
Phonon detector
ES
TTI 7000077
5 t Tungsten TES .
S o = 15 - 25 MK Aluminum phonon collectors
1z ( (& readout contacts)
7))
e Resistive heater (Gold) used
AT = 6 (mK) - . - N
AR = 6(100's mQ) for active temperature stabilisation

Tungsten TES

>

Temperature Thermal link (gold)
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CRESST Detector Module

e Scintillating CaWOQO4 target crysta
detectors — high se |

* Precise energy measurement using lTungsten Transition
—dge Sensors (W T

e Active stabilisat
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calibration / de
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CRESST Detector Module

e Scintillating CaWO4

arget crystals as cryogenic

detectors — high se

* Precise energy measurement using lTungsten Transition
—dge Sensors (W TES)

e Active stabilisation:

nsitivity to nuclear recoills

ong-term stability and energy

calibration / detector linearisation

 Measurement of scintillation light with separate
cryogenic light detector (Silicon-on-Sapphire)

* Reflective & scintillating housing: increased light
collection + veto against surface backgrounds

e Simultaneous measurement of heat (phonon) and light

signa

enables highly efficient discrimination between

e/ y and nuclear recoils
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The road from CRESST-Il to CRESST-III

TUMA40 (2014)

" el — light detector (with TES)

- block-shaped target crystal

If\ CaWoO, sticks
i r‘— (with holding clamps)
|

-«— reflective and
\_ ), scintillating housing

Lise (2015)

( )
el << light detector (with TES)
i ‘ reflective and

scintillating housing

-«+—— target crystal

_— TES

\}_ _/%— holding clamps
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250g CaWO4 crystal (block shaped), TUM grown

fully scintillating inner detector housing

Energy threshold (phonon detector): Etnres = 603 £ 2 eV
Published exposure: 29.35 kg days (before cuts)
Eur.Phys.J. C74 (2014) 3184

Non-blind analysis

300g CaWOs crystal (cylindrical), commercial supplier
crystal mounted using bronze clamps

Energy threshold (phonon detector): Etnres = 307 £ 4 eV
Published exposure: 52 kg days (before cuts)
Eur.Phys.d. C76 (2016) 25

Blind analysis

—  World leading limit for Mpm < 1.7 GeV/c2



The road from CRESST-Il to CRESST-III
TUM40 (2014)

( lii—

light detector (with TES)

block-shaped target crystal

'f\ CaWoO, sticks
r‘— (with holding clamps)
|

«——— reflective and

\_ ) scintillating housing
Lise (2015)
4 )
meeeeellllesssmms < —— light detector (with TES)
i ‘ reflective and
scintillating housing
-«+—— target crystal
| TES

—— holding clamps
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CRESST-III

— Dedicated to search for low mass dark matter
— Focus on detector performance & crystal
radiopurity

Design goals for the CRESST-IIl detector module:
e control intrinsic contaminations in CaWQOa4 crystals
* |mprove phonon detector sensitivity: Eir = 100 eV

* fully scintillating detector housing

— in-house (TUM) grown CaWOs crystals
— Reduce crystal mass by factor of 10

— Detectors held using CaWOQ;4 sticks .TUM:QS ~ 250 g
* Ewr ~ 600 eV
Phased approach: (xiv:1s03.0806s) \
— Probe low mass DM parameter space to v-floor | CRESST I -
 Phase 1: 10 detectors, maintain crystal radiopurity . * mass ~ 259
+ Phase 2: increase # of detectors, improve crystal ) * Enr= 1006V
radiopurity
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CRESST-IllIl — Detector Module

Copper housing

Prototype phonon detector

05- Preliminary -
reflective & scintillating I CRESST-III I
. — 0.4 -1l prototype =
housing (3M Vikuiti) e | — E=59keV
S .
< Cryostat 1 Munich
2 0.3 =
SOS light detector % i
(20 x 20 mm2) % 0.2+ CRESST-Il “Lise” ~
WTES#™ P8 /% ' [EEEges X ¥ i E=5.9keV "
0.1 Cryostat Gran Sasso
0
‘ 1 L I | e ] L | L [ 1 :
-40 -20 0 20 40 60 80
time (ms)
CaWOs phonon detector CaWOsq sticks o - A
(20 x 20 X 10 mm?) Ethr < 100 eV & S|gn|f|cant |
improvement in Signal / Noise
Based on design of detector module TUM40 e Threshold-goal confirmed by ongoing measurement
e block shaped crystal, reduced mass ( m=24 g ) at LNGS

e TES adapted to new crystal size
e fully scintillating housing — rejection of surface backgrounds
e Smaller housing & crystal = improved light collection
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CRESST-IIl — iStick System

instrumentation of CaWQ4

sticks with W-TES

veto for "stick-events'

3 iStick TES / module,

readout in parallel with one

SQUID channel iStick system tested @ MPP Munich

I ' I
1.5 ﬂ light-detector signal -

stick signal (=95keV)

phonon-detector signal (=2.6keV)

A
|

amplitude [V]

o
[

. © A. Eckert / MPP

time [ms]

Events in CaWOa sticks can

lead to energy degraded events

in main CaWQs4 target crystal

— potential background tor DM search
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CaWO; crystals for CRESST-III

~~————————————
T 80 17 :
© 9Ta L1(EC) .
> 4 commercial crystal |’ TUMA40: 3.51 / (keV kg day)
% ol TUM-40 _- commercial crystals:
=, 6 - 30 / (keV kg day)
~ 50|
4(-2 !
S 400 JCAPO6(2015)030
S a0t

20 -

10

0 10 20 30 40 50

Energy [keV]
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CaWOQ;4 crystal growth at TUM

—  prior to CRESST Il Phase 2 (2013):
only commercial crystals
(Russia / Ukraine) installed
— difficult to control growth process

— since ~ 2011 in-house crystal growth
with dedicated Czochralski furnace
— full control of growth process and

materials
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CaWOQ4 crystal growth at TUM

— prior to CRESST Il Phase 2 (2013): A
only commercial crystals TN
(Russia / Ukraine) installed seed holder > seedcrystal
— difficult to control growth process “% I

— since ~ 2011 in-house crystal growth
with dedicated Czochralski furnace
— full control of growth process and
materials

\ /
induction heater insulation

coils crucible
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CaWOQ;4 crystal growth at TUM

Complete in-house production process:

* Production of raw powder:
CaCOs3 + WO3 — CaWO4 + CO2

—  prior to CRESST Il Phase 2 (2013):
only commercial crystals
(Russia / Ukraine) installed
— difficult to control growth process

e Crystal growth in Rh crucible
growth atmosphere: 99%Ar / 1% O2

— since ~ 2011 in-house crystal growth
with dedicated Czochralski furnace
— full control of growth process and
materials

e Post growth treatment (annealing) to
improve optical quality
(100% O2@ 1400°C for 20h)

e Cutting & polishing of crystals

CrystEngComm 15 (2013) 2301-2304

CaCO3 + WO3 CaWO4 Crystal growth & annealing Cutting & Polishing
Michael Willers (TUM) - Search for low-mass Dark Matter with CRESST-IIl - WIN2017 11



CRESST-lIlI — Status
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CRESST Illl Phase 1
currently ongoing!

10 detector modules assembled
& installed at LNGS
Installed CaWQ4 crystals:

e 5 self-grown crystals

(TUM40 quality)

e 3 self-grown crystals

(from additionally cleaned raw
materials)

e 2 commercial crystals

Detector mounting finished
May 2016

cool down of cryostat
June 2016

Setup of detectors:

July - September 2016
Calibration:

y - calibration: Oct. 2016
n - calibration: April 2017

First results expected
July / August 2017
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CRESST-IIl — Projections

CRESST lll Phase 1

3 N ‘ | | | | (o c:-'cessru o — — CRESST-Il I ] . <
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g e o |4 g ovkadays
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? ETR oy ~— _ | = f * Maintain crystal radiopurity
5103 STy 3 3 &S —10% &
c = 2035 TSl \ = &
& - A S " na0 O
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2= - ., O * intrinsic background:
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= — ©
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= | 1 1 I Loy | = d
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Dark Matter Particle Mass (GeV/c)

arXiv:1503.08065 & Journal of Physics: Conference Series 718 (2016) 042048
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Summary & Conclusion

CRESST — World leading DM limit below ~ 1.7 GeV / c2

CRESST-III detector technology:

e Precise measu

e Ve
e U
NO
e L

rement of low-energetic nuclear recoils

'y low threshold: Ewr < 100 eV
ly scintillating detector housing & rejection of

ding structure related bac

M-grown crystals provide

Kgrounds

improved radiopurity

— CRESST Ill has high potential to explore low-mass dark
matter parameter space below ~ 3 GeV / ¢
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Thank you for your attention!



