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CRESST Introduction

CRESST

Cryogenic Rare Event Search with Superconducting Thermometers

o (Dark Matter) particle detection experiment
@ Rare events = low event rates (<1Hz)
@ Detection of background particles, no particle creation

@ Detection by energy/heat deposition (Calorimeter/Bolometer)
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CRESST Detectors - Modules

Dark Blue: Absorber crystal and
holdings sticks (CaWO,)

Red: Thermometers (TES)
Black: Light detector

Light Blue: Scintillating and
reflective foil
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Detector Working Principle

CRESST Detectors - Thermometers

@ Superconductor stabilised within its
phase transition
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CRESST Detectors - Thermometers
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Detector Working Principle

CRESST Detectors - Thermometers

film resistance [mQ]
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Superconductor stabilised within its
phase transition

Small temperature changes lead to
big resistance changes
Read out with a SQUID system

Requires an (active) temperature
stabilisation

Limited linear and total dynamic
range
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Data shape

Event 1350475 -- Sat 31-Dec-2016 23:13:10.961 (CET)
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Important Features for the Analysis

Data shape

Event 1350475 -- Sat 31-Dec-2016 23:13:10.961 (CET)

e :2'EH @ DAQ records the trace of
1 \ triggered events
@ Two channels, phonon and

light (2D information)
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Important Features for the Analysis

Data shape

Event 1350475 -- Sat 31-Dec-2016 23:13:10.961 (CET)

‘s: :2'EH @ DAQ records the trace of
e \ triggered events
i @ Two channels, phonon and
s \ light (2D information)
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Important Features for the Analysis

Channel Readout

Light vs Phonon - Pulse Height

@ Combination of phonon and
light channel offers
additional information

NS0T e L

@ Data is best displayed in a
2D plot
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Important Features for the Analysis

Two Channel Readout

Light vs Phonon - Pulse Height
T T @ Combination of phonon and

light channel offers
additional information

Pulse Height [V] of A-L

@ Data is best displayed in a
2D plot

o Different light output of

specific event types leads to
band structure

35 4 45
Pulse Height [V] of A-PH
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Examples for Data Quality Cuts
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Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency

Limit Calculation

Summary
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Data Analysis

Cut types

There are two types of cuts:

Examples for Data Quality Cuts

Standard Event Fit and Energy Reconstruction

Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency

Limit Calculation

Summary
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Cut types

There are two types of cuts:

Data Quality Cuts

They remove pulses that cannot be analysed properly due to
limitations of the detectors, data acquisition or analysis software.
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Summary

Cut types

There are two types of cuts:

Data Quality Cuts

They remove pulses that cannot be analysed properly due to
limitations of the detectors, data acquisition or analysis software.

Background Cuts

They remove a certain type of background with an understood
physical origin.
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Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation

Summary

Event Distribution before Quality Cuts

Light vs Phonon - Pulse Height
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Puise Height [V] of A-PH
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Examples for Data Quality Cuts

Standard Event Fit and Energy Reconstruction

Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency

Limit Calculation

Summary

Event Distribution before Quality Cuts

St ik
35 4 45
Puise Height [V] of A-PH

@ Neutron Calibration Data

e Neutron, e~ /v and holding
structure related bands
visible
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@ Neutron Calibration Data

e Neutron, e~ /v and holding
structure related bands
visible

@ Many artefact populations
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Examples for Data Quality Cuts

Standard Event Fit and Energy Reconstruction

Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency

Limit Calculation

Summary

Event Distribution before Quality Cuts

Pulse Height [V] of A-L

35 4 45
Puise Height [V] of A-PH

@ Neutron Calibration Data

e Neutron, e~ /v and holding
structure related bands
visible

@ Many artefact populations

@ "Box shape” due to
Detector saturation
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Standard Event Fit and En Reconstruction
Band Fit, Particle Discrimir n and Region of Interest
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Event Distribution before Quality Cuts

Light vs Phonon - Pulse Height

@ Neutron Calibration Data

e Neutron, e~ /v and holding
structure related bands
visible

@ Many artefact populations

@ "Box shape” due to
Detector saturation

45
Puise Height [V] of A-PH

Let's clean this up a little!
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Example 1. Peak Position Cut

First group of problematic
events:
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Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation

Summary

Example 1. Peak Position Cut

First group of problematic
events:

Event 185 -- Tue 21-Mar-2017 19:46:10.053 (CET)|
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@ Decaying Baselines
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Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction

Band Fit, Par
Event Simulation and Cut Efficiency

Discrimination and Region of Interest

Limit Calculation

Data Analysis
Summary

Example 1. Peak Position Cut

First group of problematic
events:
@ Decaying Baselines

@ Noise Triggers
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Examples for Data Quality Cuts

Standard Event Fit and Energy Reconstruction
Evel
Data Analysis

Band Fit, Particle Discrimination and Region of Interest

Simulation and Cut Efficiency
Limit Calculation
Summary
Example 1. Peak Position Cut

First group of problematic
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Example 1. Peak Position Cut

First group of problematic
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Example 1. Peak Position Cut

First group of problematic

Event 1352623 - Wed 5-Apr-2017 04:55:00.216 (CESI A-PH events:
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\ @ Decaying Baselines

b3 \ @ Noise Triggers

f ! \ e Early/Late Triggers
s

e ‘ They all have the wrong position
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Example 1. Peak Position Cut

First group of problematic
events:

Light vs Phonon - Pulse Height

@ Decaying Baselines

Pulse Height [V] of A-L

@ Noise Triggers
e Early/Late Triggers

They all have the wrong position
(in) the record!
— (peak-)position cut

35 4 45
Puise Height [V] of A-PH
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Example 1. Peak Position Cut

First group of problematic
events:

LvsP_PH

@ Decaying Baselines

Pulse Height [V] of A-L

@ Noise Triggers
e Early/Late Triggers

They all have the wrong position
(in) the record!
— (peak-)position cut

R
35 4 45
Pulse Height [V] of A-PH
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Summary

Example 2: Right - Left Baseline Cut

Second group of problematic
events:
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Example 2: Right - Left Baseline Cut

Second group of problematic
events:

@ Flux quantum losses
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Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation

Summary

Example 2: Right - Left Baseline Cut

Second group of problematic
events:

@ Flux quantum losses

Event 3487 -- Tue 21-Mar-2017 20:33:52.850 (CET) PH
. @ SQUID resets
T WA

I I I I I
-100 0 100 200 300 400
Time [ms]
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Examples for Data Quality Cuts
Standard Event Fit and En Reconstruction
Band Fit, Pa Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation

Summary

Example 2: Right - Left Baseline Cut

Second group of problematic
events:

@ Flux quantum losses
Event 2473 -- Tue 21-Mar-2017 20:17:12.870 (CET) .A-PH
™ @ SQUID resets
A

g — \ @ Events too big for the record

window

Amplitude [V]
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Example 2: Right - Left Baseline Cut

Second group of problematic
events:

@ Flux quantum losses
Event 2473 -- Tue 21-Mar-2017 20:17:12.870 (CET) .A-PH
™ @ SQUID resets
A

— \ @ Events too big for the record

window

They do not return to the
Baseline at the end of the record!
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Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
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Example 2: Right - Left Baseline Cut

Second group of problematic
events:

@ Flux quantum losses

Event 2473 -- Tue 21-Mar-2017 20:17:12.870 (CET) .A-PH
1 @ SQUID resets
A

— \ @ Events too big for the record
window

They do not return to the
Baseline at the end of the record!
— cut on the difference
between the first and the last
samples (Light and phonon
channel)
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Data Analysis

Examples for Data Quality Cuts

Standard Event Fit and Energy Reconstruction

Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency

Limit Calculation

Summary

Example 2: Right - Left Baseline Cut

2

2

‘ ‘ Right - Left Baseline

54

4 6 8
Right - Left Baseline [V] of A-PH

B

Second group of problematic
events:

@ Flux quantum losses
@ SQUID resets

@ Events too big for the record
window

They do not return to the
Baseline at the end of the record!
— cut on the difference
between the first and the last
samples (Light and phonon
channel)
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Example 2: Right - Left Baseline Cut

Second group of problematic
events:

@ Flux quantum losses
@ SQUID resets

@ Events too big for the record
window

LvsP_PH

They do not return to the
Baseline at the end of the record!
— cut on the difference
between the first and the last
samples (Light and phonon
channel)
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Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
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Example 2: Right - Left Baseline Cut

Second group of problematic
events:

@ Flux quantum losses
@ SQUID resets

@ Events too big for the record
window

Light vs Phonon - Pulse Height

They do not return to the
Baseline at the end of the record!
— cut on the difference
between the first and the last
samples (Light and phonon
channel)

3.5 4 45
Pulse Height [V] of A-PH
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Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Parti Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation

Summary

Several Quality Cuts later ...

Light vs Phonon - Pulse Height
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Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary

Several Quality Cuts late

Light vs Phonon - Pulse Height

Pulse Height [V] of A-L

@ Almost only
electron/gamma, neutron
and holder bands remaining
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Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
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Summary

Several Quality Cuts later ...

Light vs Phonon - Pulse Height

Pulse Height [V] of A-L

@ Almost only
electron/gamma, neutron
and holder bands remaining

0 05 1 L5 2 25 3

35 4 45
Pulse Height [V] of A-PH

Let's go on with the next analysis step!



@ Data Analysis

Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Par Discrimination and Region of Interest

nt Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary

@ Standard Event Fit and
Energy Reconstruction
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Examples for ta Quality Cuts
Standard Event Fit and Energy Reconstruction
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Data Analysis Limit Calculation
Summary

Standard Event Fit

The pulse height parameter, as a measure of the energy, is heavily
influenced and biased by noise:
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Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
= Simulation and Cut Efficiency
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Standard Event Fit

The pulse height parameter, as a measure of the energy, is heavily
influenced and biased by noise:

Event 40258 -- Wed 22-Mar-2017 05:36:49.838 (CE

Amplitude [V’
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o b b e b Lo Lo n 1
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Time [ms]
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Standard Event Fit

Data Analysis

Examples for ta Quality Cuts

Standard Event Fit and Energy Reconstruction

Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency

Limit Calculation

Summary

Therefore we sum up pulses until we get an almost noise free
standard event and fit the real pulses with it:



Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
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Summary

Standard Event Fit

Therefore we sum up pulses until we get an almost noise free
standard event and fit the real pulses with it:

E| Pulse
E Fitted standard event
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Examples for ta Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary

Standard Event Fit

High pulses exceed the linear range of the thermometer transition
and therefore can only be fitted up to a certain truncation limit:

No Truncation: Truncated at 1V:
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Standard Event Fit

High pulses exceed the linear range of the thermometer transition
and therefore can only be fitted up to a certain truncation limit:
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Examples for ta Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary

Standard Event Fit

High pulses exceed the linear range of the thermometer transition
and therefore can only be fitted up to a certain truncation limit:

No Truncation: Truncated at 1V:

Pls & Fit

| I |
100 o 100 20 300 400 500
Time [ms)
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Examples for ta Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation

Summary

Standard Event Fit

High pulses exceed the linear range of the thermometer transition
and therefore can only be fitted up to a certain truncation limit:

Truncated at 1V:

Pls & Fit

No Truncation:

Pls & Fit

L |
100 o 100 20 300 400

100 0 100 200 300 400 500
Time ms]

500
Time [ms)
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Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary

Calibration Spectrum

The conversion factor from amplitude to energy is obtained using a
~ calibration with a dominant line at 122 keV:
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Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary

Calibration Spectrum

The conversion factor from amplitude to energy is obtained using a
~ calibration with a dominant line at 122 keV:

Fitted Amplitude
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@ Data Analysis

Examples for Data Quality Cuts
Sta d Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest

Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary

o Band Fit, Particle
Discrimination and Region
of Interest
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Reconstruction
on and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation

Summary

Light Yield

To exploit the phonon-light technique, typically our data is
displayed in terms of light yield vs energy.

Light Yield

LY — Elight

EPhonon
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Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation

Summary

Light Yield Plot and Region of Interest

Light Yield

ely

50 100 150
Energy (keV)
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Reconstruction

on and Region of Interest
Event Simulation and Cut Efficiency

Limit Calculation
Summary

Light Yield Plot and Region of Interest

Data Analysis

Light Yield

50 100 150
Energy (keV)

Dark matter recoils above threshold are expected only in the
nuclear recoils bands.
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Cuts
Fit and Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary

Band Fit

A fit is used to determine the band positions and region of interest
in the real data:
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Reconstruction
on and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation

Summary

Band Fit

A fit is used to determine the band positions and region of interest
in the real data:

@ The e /v band is fitted to the
57Co calibration data

Light Yield

35 40
Energy [keV]
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Examples for Data Quality Cuts
Standard Event Fit and Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation

Summary

Band Fit

A fit is used to determine the band positions and region of interest
in the real data:

@ The e /v band is fitted to the
57Co calibration data

Light Yield

@ The nuclear recoils bands are fixed
by their known relative light yield

35 40
Energy [keV]
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Examples for Data Quality Cuts
Standard Event Fit and Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
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A fit is used to determine the band positions and region of interest
in the real data:

@ The e /v band is fitted to the
57Co calibration data

Light Yield

@ The nuclear recoils bands are fixed
by their known relative light yield

@ The band fit can be verified on the
neutron calibration data
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Examples for Data Quality Cuts
Standard Event Fit and Reconstruction
Band Fit, Particle Discrimination and Region of Interest
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Summary

Band Fit

A fit is used to determine the band positions and region of interest
in the real data:

@ The e /v band is fitted to the
57Co calibration data

Y

Light Yield
S

@ The nuclear recoils bands are fixed
0s by their known relative light yield

@ The band fit can be verified on the

" neutron calibration data

O%// - @ Events within the region of interest

s e s s w k6 can be identified in the background
data



@ Data Analysis

amples for Data Quality Cuts
Standard Event Fit and En Reconstruction
Band Fit, Particle Discrimination and Region of Interest

Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary

@ Event Simulation and Cut
Efficiency
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ard Reconstruction
Band Fit, P2 ation and Region of Interest
Event Simulation and Cut Efficiency

Data Analysis Limit Calculation
Summary

Event Simulation - Motivation

To estimate the probability of an event of interest to survive all of
the cuts, such events are simulated with the help of empty
Baseline.
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Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary

Event Simulation - Method
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Examples for Data Quality Cuts
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Event Simulation - Method

Event 0 -- Fri 28-Oct-2016 18:53:14.060 (CEST)

Randomly triggered
"empty" baselines

Event 12957 - Thu 17-Nov-2016 08:14:06.619 (CET)
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Event Simulation - Method

Event 0 -- Fri 28-Oct-2016 18:53:14.060 (CEST)
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Examples for
Standard it a gy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation

Summary

Event Simulation - Method

Event 0 -- Fri 28-Oct-2016 18:53:14.060 (CEST)

Standard Event - Detector A Phonon

Randomly triggered
"empty" baselines _I_

Event 12957 - Thu 17-Nov-2016 08:14:06.619 (CET)

PH _—

Standard event, scaled to
T the required energy.
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Summary

Event Simulation - Method
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Event Simulation - Method

Event 17 - Fri 28-0ct2016 18:53:14.060 (CEST)
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Tine ]

Simulated 100 eV events

Event 12974 - Thu 17-Now-2016 08:14:06.619 (CET)
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Event Simulation - Method
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Data Quality Cuts
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Event Simulation - Method

Event 17 - Fri 28-0ct2016 18:53:14.060 (CEST)
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Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation

Summary

Event Simulation - Method

Event 17 - Fri 28-0ct2016 18:53:14.060 (CEST)

Signal survival
probability / Cut
Efficiency

— Simulated 100 eV events

Event 12974 - Thu 17-Now-2016 08:14:06.619 (CET)
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Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest

Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary

@ Limit Calculation
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Examples for Data Quality Cuts
Standard t Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary

Expected Signal

To calculate an exclusion limit the dark matter mass and
interaction cross section, the observed event rate has to be
compared to the expected rate of a dark matter signal.
Expected rate:

dN Py
dER 2m, u3

d3v

Voo:Vexcf V4
P 50F?(ER) / )

Vmin ( ER) v

Standard assumptions:
Vesc = b44km/s

py = 0.3GeV /cm®

Fortunately this is all well implemented in software from the

previous runs.
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Expected Signal and Comparison Method
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Expected Signal and Comparison Method

The expected spectrum has an exponential shape.
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Summary

Expected Signal and Comparison Method

The expected spectrum has an exponential shape.
E.g. for a 10 GeV WIMP with detector resolution and threshold
taken into account:

10GeV WIMP - Expected recoils spectrum

10"
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Recoil Energy [keV]
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Examples for Data Quality Cuts
Standard t Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest
Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary

Expected Signal and Comparison Method

The expected spectrum has an exponential shape.
E.g. for a 10 GeV WIMP with detector resolution and threshold
taken into account:

10GeV WIMP - Expected recoils spectrum

10"

| | I e S| 1
2 0 B

S 6
Recoil Energy [keV]

This is compared to the data using the Yellin Method which is
quite robust, does not need a background model and takes the

signal shape into account. B



Examples for Data Quality Cuts
Standard Event Fit and Energy Reconstruction
Band Fit, Particle Discrimination and Region of Interest

Event Simulation and Cut Efficiency
Data Analysis Limit Calculation
Summary
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Explanation on the next slide
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Data Quality Cuts
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Data Analysis Limit Calculation
Summary

@ Summary
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Summary

Data Analysis
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Standard Event Fit and Energy Reconstruction

Band Fit, Parti Discrimination and Region of Interest
Event Simulation and Cut Efficiency

Limit Calculation

Summary
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Summary

@ CRESST uses cryogenic particle detectors

@ The DAQ records pulses which are processed later during the
analysis
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@ CRESST uses cryogenic particle detectors

@ The DAQ records pulses which are processed later during the
analysis

@ A normal analysis consists of the following steps:

e Data quality cuts
e Standard event fit and energy calibration
e Band fit and region of interest
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Summary

@ CRESST uses cryogenic particle detectors

@ The DAQ records pulses which are processed later during the
analysis
@ A normal analysis consists of the following steps:
e Data quality cuts
Standard event fit and energy calibration
Band fit and region of interest
Event simulation and cut survival probability
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Summary

@ CRESST uses cryogenic particle detectors

@ The DAQ records pulses which are processed later during the
analysis
@ A normal analysis consists of the following steps:
e Data quality cuts
e Standard event fit and energy calibration
e Band fit and region of interest
e Event simulation and cut survival probability
e Limit calculation
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