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The Cryogenic Rare Event Search
with Superconducting
Thermometers

alms to detect elastic of @
b ,
dark matter particle- T,

nucleus scattering -

uses scintillating -
CaWO, crystals as o
target

=40 mm, h=40mm, 300 g
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Detector Module

Particle interaction in the crystal

Phonon signal {Jq Scintillation light

deposited energy particle discrimination



Detector Module

Particle interaction in the crystal

Phonon signal {Jq Scintillation light

deposited energy particle discrimination

heat bath

light detector (with TES)

-— reflective and
scintillating housing

target crystal

TES

- thermal coupling

heat bath




Transition Edge Sensor
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Event Discrimination

light signal
phonon signal
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Event Discrimination
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ROI: Region of interest for dark matter search
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CRESST-IIl: Current Phase 2

e Data taking from July 2013
to August 2015

 Result discussed today

- Single module Lise
- 52 kg days of exposure
- Blind analysis

Eur. Phys. J. C 76 (2016)
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http://link.springer.com/article/10.1140/epjc/s10052-016-3877-3

Low Threshold Analysis - Motivation
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Lise — Trigger and Cut Acceptance

Fraction

%2/ ndf 47.8203 /10

E, (keV) 0.3073 +0.0036

c (keV) 0.0820 +0.0042 e e s
—— rate & stability cut
ppile—UP 0.0557 +£0.0117 +coincidence cut
| | —i—+quality cuts
—e— trise-time cut

0.5 0.6 0. : . : : i : :
Injected Energy E;; (keV) ) ) 25 3 3.5
Simulated Energ

Precisely measured with pulses Acceptance down to threshold
Injected to the heater energy

Nuclear recoil threshold: 307eV 12% @ 0.3keVV 70% @2keV 12



Overall Background

External 2°Fe source
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Overall Background

External 2°Fe source
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50% of oxygen
recoils below

Acceptance Region
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50% of oxygen
recoils below

Acceptance Region
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Expected energy Energy spectrum
spectrum of accepted
events

Result
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Dark Matter Particle-Nucleon Cross Section (pb)
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Conclusions

* Blind analysis of detector with lowest threshold
(307eV) operated in phase 2

» World-leading below 1.7GeV/cz2

* Exploring new parameter space down to
0.5GeV/c2

Hunting light dark matter requires a low threshold!
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New Modules for CRESST-III

| Design goal:
CaWO4 sticks
ith.noldIng SRS Threshold of 100eV
< reflective and
scintillating housing
—— light detector (with TES) How?
—— block-shaped target crystal Sma”er CryStaIS Of

(with TES) available quality
2509 — 249
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Prototype Measurement

CRESST-IIl prototype
«— E=5.9keV

Cryostat 1 Munich
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CRESST-II “Lise”
E=5.9keV
Cryostat Gran Sasso
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Signal/Noise improved by a factor of ~6
— Threshold of ~50eV

Design goal (100eV) exceeded
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On the Road to CRESST-III

* Prototype(s)
successfully tested

* First four modules <«
mounted in cryostat 2
last week (Feb. 02-04) \\ |

Cool-down: March 2016
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Projection for CRESST-Ill Phase 1&2

Phase 1
e 50kg days: 10
modules, 1 year

kg-days small '
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http://arxiv.org/abs/1503.08065
http://arxiv.org/abs/1503.08065

Projection for CRESST-Ill Phase 1&2

Phase 2

e 1 tonne days:
100 modules, 2
years

* pbackground
iImproved by
~100

Coherent Neutrino Scattering on CaWoO,
3 4 5 67809 g:o
WIMP mass [GeV/c]

arxXiv:1503.08065

. 2
WIMP-nucleon cross section [cm]
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http://arxiv.org/abs/1503.08065
http://arxiv.org/abs/1503.08065
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BACKUP



Overall Background — Zoom Out
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Detector: Long-term Stability

Detector operating
stably throughout
entire data taking

~
(3

. fitted position Mn KB
- fitted position Mn K
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150
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Multi-Element Target
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reflective bronze W thermometer CaWOg4 target crystal
holding clamps R (3009)

light " ] =
absorber

W thermometer

reflective and scmtlllatlng f0|I

1l TuuL i LR
mm 1 - 1 t ‘ : ;';
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light detector | phonon detector R



Signal Survival Probability
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TES-Carrier (Composite Design)

e Discrimination of
events In carrier via

TES
pulse shape

absorber crystal ® Challenging when
approaching low
energies

> CRESST-III: directly
evaporate TES onto
absorber

33



Presence of Recoil Backgrounds

Y
(3]

o
Ig
>
= 1
=
-

50

100 120
Energy (keV)

Statistically incompatible
with leakage from e-/y-band >



CRESST-IIl: Current Phase 2

e Result published in 2014

- Single module TUMA40
- 29 kg days of exposure
- Nonblinded 2013 dataset

e
o

 Result discussed today
- Single module Lise
- 52 kg days of exposure
- Blind analysis

35



Detector Designs

Conventional

(" )

s <<———— light detector (with TES)
reflective and
scintillating housing

-«—— target crystal
[ IES
=<«|—— holding clamps
\ /

Vetoforrecelbackgrounds
Background level.

~8.5 counts / (keV kg day)
307eV threshold

62eV resolution

Stick

2014 - TUM40

r

D, light detector (with TES)

block-shaped target crystal
(with TES)

CaWOgs sticks
(with holding clamps)

«— reflective and
- scintillating housing

* \eto for recoil backgrounds

 Background level:

~3.5 counts / (keV kg day)

e 603eV threshold

e 100eV resolution 36




Choice of Acceptance Region
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Differential Interaction Rate

counts per kg, day and keV recoil energy

velocity WIMP-nucleon
distribution cross section
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TUM 40 - Energy Spectrum
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“’Po->°"Pb(103keV )+0.(5.3MeV )
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de clamp material
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1. decay
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““Po->""Pb(103keV )+ (5.3 MeV

ke,
QL
>
=
2
4

60 80 100
Energy [keV]

crystal

1. decay inside clamp material
2. decay on or slightly below surface of the clamp

a) a hitting clamp — no scintillation light
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““Po->""Pb(103keV )+ (5.3 MeV

-»
aw

\ 60 80 100

Energy [keV]

crystal

1. decay inside clamp material
2. decay on or slightly below surface of the clamp
a) a hitting clamp — no scintillation light
b) a hitting foil — additional scintillation light (with different pulse shape) 43



“’Po->°"Pb(103keV )+0.(5.3MeV )

ke,
QL
>
=
2
4

60 80 100
Energy [keV]

crystal

1. decay inside clamp material
2. decay on or slightly below surface of the clamp
a) a hitting clamp — no scintillation light
b) a hitting foil — additional scintillation light (with different pulse shape) 44



“*"Po->“"Pb(103keV )+a(5.3MeV )

How to get rid of above background?

passive | active
Radon prevention only active surfaces
even cleaner clamp facing the crystal

material

)



CRESST-Il Phase 1

» extensive physics run
from 2009 to 2011

°® 8 CaWO4 mOdUIeS TheEuropeanPhysicaIJ
used for DM analysis B e

Particles and Fields

67 events in WIMP
search regions




Phase 1 -
Maximum Likelihood Analysis

e excess above known
background

e WIMPs would fit

 lower background
level mandatory for
clarification

47






TUMA40 - Veto of Surface
Backgrounds

light yield

Foil Events
(tagged by pulse shape)

250 300
arXivi1410.1753 energy [keV]
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TUMA40 - Veto of Surface
Backgrounds

. . . . o, e Pl ow o oo J
S F g et I R R AT D o R R

degraded alpha
Run32: 6.9 Run33: 0

light yield

206ph recoils
Run32: 8.1 Run33: 0

250 300
arXivi1410.1753 energy [keV]
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Direct Detection <« LHC
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Direct Detection <« LHC
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Yellin Maximum Gap
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TUMA40 - Acceptance Region

Energy [keV]

middle of oxygen band and below:
leakage of gamma band < including all nuclear recoil bands
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CRESST-II Detector Designs

Conventional Design

(s )

5

—— light detector (with TES)

reflective and

s scintillating housing

target crystal

P TES

—— holding clamps

K14 Design
- L)
s << —— light detector (with TES)

absorber crystal

glue

carrier crystal (with TES)

holding clamps

Stick/Raimund-Design

e

|
'

-

light detector (with TES)

block-shaped
target crystal

CaWO; sticks
(with holding clamps)

reflective and
scintillating housing

Beaker/Gode-Design

~«—— carrier crystal

glue spot

Si beaker as

< light absorber

target crystal

T =S ES
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Event-type Independent Total Energy

before correction * Energy is shared

R between phonon and
light channel,
guantified by the
scintillation efficiency n

e The calibration is done
for 122keV gamma's

=6.6%)
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e for LY=1: no correction
e for LY=0: 6.6% correction

16 18 20
Energy [keV]
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Event-type Independent Total Energy

after correction * Energy is shared
LT between phonon and
light channel,
guantified by the
scintillation efficiency n
e The calibration is done
for 122keV gamma's
=6.6%)

—
]

=
)
g
)
s
=
=11
-
—

[a—

(nTUM4O

e for LY=1: no correction
e for LY=0: 6.6% correction

16 18 20  correction straightens gamma
Energy [keV] lines
 corrections yield correct Q-
value for internal alpha decays
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Gaussianity of Recoil Bands

Yield histogram of avents wilth energies from 47 10 53 keV

4000 r T : - - - 2500

r counis between markars. 97830
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- > |
S S 1500 1|
£ 2000 s
= =
3 21000
[ 1
]
1000 1
500
ﬂa . it il M__J e _-.—T
Light Yield 0 20 40 60 80 00

Energy [keV]

* perfect Gaussian behaviour
* 10° events in peak — only 1 outlier
(probably alpha event)

. less than 1 leakage event expected out of 10° events !

Slide by: R. Strauss




Motivation for low-mass dark matter

WIMP “Miracle” Asymmetric Dark Matter

* Thermally produced e Qo/Qp~5: Why?

In early Universe . .
y * Link asymmetries for

» Weak scale yields baryons and DM in
correct relic density early Universe

e 10GeV/c2 ~ 1TeV/c2 e 0.1GeV/c2 ~10GeV/c2
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Detection Channels

X SM

B’ 4




Direct Dark Matter Detection

Most common scenario: dark matter
particle scatter

 off nuclel )
 elastically e
* coherently: ~A2

* (spin-independent)
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Detection Techniques
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