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The CRESST collaboration

Cryogenic Rare Event Search with Superconducting Thermometers
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CRESST @ LNGS
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- neutrons: 4x106 n/(s cm?)
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The experimental setup

liquid nitrogen
- liquid helium

-~ SQUIDs

|- cryostat

/
-~ water

- internal lead

/ cold finger

/ radon box

- internal polyethylene

detector modules

— | mounted in carousel

——— external lead

| - external copper

[ 7T~ muon veto

" external polyethylene
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Cold bath

Cryogenic Calorimeters
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Cryogenic Calorimeters
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* Measurement of total deposited
Cold bath energy (~particle independent).
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Scintillating Cryogenic Calorimeters

Light detector
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* Measurement of total deposited
Cold bath energy (~particle independent).

« Particle identification given by the
measurement of the scintillation
light (Light yield).
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Excellent discrimination between potential
signal events (nuclear recoils) and
dominant radioactive background
(electron recoils)
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CRESST Modules: scintillating cryogenic calorimeters

Crystals operated as
cryogenic calorimeters (~15mK)

Target crystal (phonon signal):
Scintillating CaWO,, 2x2x1 cm®

Silicon on Sapphire

Light detector: +TES:
Silicon on Sapphire (SOS) light detector
detects scintillation light signal

Tungsten Transition Edge Sensors (TES)

detect temperature fluctuations CaWOL+TES:
phonon detector
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Transition edge sensor (TES)

Working principle
@
@)
c
S
D
7))
@
nd
Energy deposition
~keV
Temperz*cure rise
~uK
0)

Resistance change

10 AT  Temperature (mK) ~ma

11

June 2018 Johannes Rothe - MPP Munich



Most sensitive module (Lise): CRESST—" reSUItS (2015)

Detector mass: 300g CaWO,

Phonon detector threshold: 307eV World-leading below
Background level: ~8.5 cts/ (keV kg d) 1.7GeV/c?
Exposure: 52 kg d
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Data taking from July 2016 to February 2018
e Gamma calibration (350h)
* Neutron calibration (840h)
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Optimum filter

* Implemented in software

Spectral Density
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Signal Power

Spectrum
* Allows off-line triggering .
Noise Power
¢ Maximizes signal-to-noise ratio Spectrum
(in frequency space)
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Threshold set as a function
of accepted noise trigger rate

5 detectors reach/exceed
the CRESST-III design goal

Mancuso, M. et al. (CRESST collaboration)
J Low Temp Phys (2018).
https://doi.org/10.1007/s10909-018-1948-6
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Lowest Threshold: Detector A

50% trigger efficiency
@threshold of 26.1 eV

Detector A Threshold analysis
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—Fit of noise trigger distribution
o Fraction of pulses with a threshold of 26.1eV
—Fit of trigger efficiency
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Threshold [eV]

First Data Analysis: Detector A
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Data Selection
Keep only events where a correct determination of the
amplitude (—energy) is guaranteed

Unbiased (blind) analysis
1. Design cuts on non-blind training set
(~20%, excluded frommn DM data set)
2. Apply without change to blind DM data set
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Data taking period: 31/10/16 to 05/07/17
Detector mass: 24 g

Total exposure: 2.39 kg days

Net exposure (after cuts): 2.21 kg days
Analysis Threshold: 100 eV

Survival Probability of Nuclear Recoil Events After Cuts
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Detector A - 100 eV events

Raw signals: no filtering, fitting etc.

Event 3468837 -- Tue 30-May-2017 03:26:51.472 (CES|[JJj A-PH

Event 4011753 -- Mon 3-Jul-2017 22:13:40.764 (CEST)
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100eV pulses are no challenge for amplitude
determination
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Detector A - 100eV threshold analysis

Neutron calibration data

Light Yield
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Detector A - 100eV threshold analysis
Dark Matter data

5T Unblinded:

E>100eV

[a—
'»,II|II
-

06# :."-" .
0.4 1) ' .. ‘ : Still blinded:

A Det. A <100eV
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Detector A - 100eV threshold analysis
Dark Matter data - Energy spectrum
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Detector A - 100eV threshold analysis
Dark Matter data - Energy spectrum
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Detector A - 100eV threshold analysis
Dark Matter data - Energy spectrum

Light Yield

Acceptance
region fixed
before unblinding

10 20
99.5 % W recoils above

Energy [keV]
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Detector A - 100eV threshold analysis
Dark Matter data - Accepted Events
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Detector A - 100eV threshold analysis
Dark Matter data - Accepted Events
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Detector A - 100eV threshold analysis

Dark Matter data - Accepted Events

Counts

Background
rising
towards
threshold
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Single accepted
event at higher
energies

8 10

Energy [keV]
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Detector A - 100 eV threshold - Dark Matter limit

Energy spectrum of
accepted events

\

Yellin 1D
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method

71

Energy spectrum
expected for DM
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Detector A - 100 eV threshold - Dark Matter limit
CRESST-II

Energy spectrum of 1% - 40
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Detector A - 100 eV threshold - Dark Matter limit

June 2018

Dark Matter Particle-Nucleon Cross Section (pb)
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Detector A - 100 eV threshold - Dark Matter limit

Extend reach from 0.5 GeV/c2to 0.35GeV/c?
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Detector A - 100 eV threshold - Dark Matter limit
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Detector A - 100 eV threshold - Dark Matter limit
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There’s more to come...

First CRESST-IIl run 07/2016 - 02/2018: Analysis ongoing
3 times lower optimum threshold for detector A
3 other detectors with thresholds << 100eV

3 times more statistics = deeper understanding of backgrounds

June 2018 Johannes Rothe - MPP Munich 34



There’s more to come...

Coming up: CRESST-II EFT Analysis

]]-7 VJ_J qa SX7 SN

Galilean invariants
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O, = 1, -1y — (standard SI)
O, = (74)?
O3 = iSy - (4/mu x V1)
@4 = §x - §N — (standard SD)
Os = iS,, - (@/mw x 71
O = (Sy - /mu)(Sn - /mn)
O7 =Sy - vt
Og =S, - vt
@9 = i§x . (§N X Ef/m,\,)
Oro = iSn - @ mn
Anand et al. arXiv:1308.6288 [hep-ph]
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One more limit: gram-scale detector

Al,O, 0.49g 5x5x5mm?3
E, =(19.7+£0.9) eV
Measured above ground
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Second CRESST-IIl run 06/2018: just starting

Key innovation

Upgraded detector modules
with dedicated hardware
changes to understand
backgrounds
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CRESST-IlI: now waiting for dark matter

Key innovation

Upgraded detector modules
with dedicated hardware
changes to understand
backgrounds

* The cryostat is cold
* First pulses measured

* Commissioning phase

June 2018 Johannes Rothe - MPP Munich 38
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BACKUP
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Gram-scale detector: Theorists love it
above ground: Sensitivity for strongly interacting DM

1) By J.I. Collar., [arXiv:1805.02646 [astro-ph.CO]].
2) By M. Shafi Mahdawi, Glennys R. Farrar., [arXiv:1804.03073 [hep-ph]].

3) By SENSEI Collaboration (Michael Crisler et al.)., [arXiv:1804.00088 [hep-
ex]].

4) By Jason Wyenberg, lan M. Shoemaker., [arXiv:1803.08146 [hep-ph]].

5) By Jae Hyeok Chang, Rouven Essig, Samuel D. McDermott.,
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New frontiers ...
... hew potentials ...
... hew challenges!




Optimum trigger - Detector A
Optimum filter for threshold analysis

Counts
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Det. A - 100ev threshold analysis

Selection criteria (AKA “Cuts”)

Rate: noise conditions

Stability: Detector(s) in operating point

Data quality: Non-standard pulse shapes (in particular iStick
events and pileup)

Coincidences: with muon veto and iSticks only (will be

expanded to “with other detector modules")
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Det. A - 100ev threshold analysis
Efficiency of data quality cuts

Survival Probability of Nuclear Recoil Events After Cuts
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Detector stability

W-TES equipped with heaters

* Stabilization of detectors in the operating
point

* Injection of heat pulses for calibration
and determination of trigger threshold

saturated heater pulses
heater pulses
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Light Yield

Neutron Calibration Data
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Quenching factor measurement
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Low threshold detectors
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