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' The CRESST experiment

Location

LNGS

|
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Cryogenic detectors
e Direct detection of potential DM Q2
particles via scatter off target nuclei @0
* Operated at ~15 mK e in o
* Energy deposited in the target causes A p

a proportional temperature rise AT = -
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CRESST-III detectors

Cryogenic detectors

e Direct detection of potential DM
particles via scatter off target nuclei ,,

* Operated at ~15 mK e, i o

* Energy deposited in the target causes A p
a proportional temperature rise AT =

Target crystal/Absorber
e Material: CaWO4, Si, Al>Os, L1A102
e Volume: 4 cm?3
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CRESST-III detectors

Cryogenic detectors

e Direct detection of potential DM
particles via scatter off target nuclei @

* Operated at ~15 mK e in o

* Energy deposited in the target causes A p

a proportional temperature rise AT = —

Target crystal/Absorber
e Material: CaWOQ4, Si, AloOs3, LiAlO-
e Volume: 4 cm3

Temperature sensor

* W Transition Edge Sensor (TES)“

* Operated in the middle of its superconducting transition
Heater

100 -

Resistance [mQ]

mmmm Transition curve
@ Operating point

5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0

5 *—__ Thermal link °1
to heat bath Temperature [mK]
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CRESST-III detectors .

e Material: Silicon-On-Sapphire (SOS) wafer
* Coupled to a scintillating target crystal

» * Equipped with TES

* Used for particle discrimination

Cryogenic detectors

* Direct detection of potential DM
particles via scatter off target nuclei @0

* Operated at ~15 mK e in o

* Energy deposited in the target causes A p
a proportional temperature rise AT = Xl

-
($)]
g

Target crystal/Absorber
e Material: CaWOQ4, Si, AloOs3, LiAlO-
e Volume: 4 cm3

Light Yield

Temperature sensor
* W Transition Edge Sensor (TES)
e Operated in the middle of its superconducting transition

Heater

100 -

2 4 6 8 10 12 14 16
Energy (keV)

Resistance [mQ]

mmmm Transition curve
@ Operating point

| - i . : . : . . . .
I'_'I ~ Thermal link 5.0 7.5 100 125 150 175 20.0 225 @ 25.0
to heat bath Temperature [mK]
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CRESST-III detectors .

e Material: Silicon-On-Sapphire (SOS) wafer
* Coupled to a scintillating target crystal

* Equipped with TES

* Used for particle discrimination

Cryogenic detectors

* Direct detection of potential DM
particles via scatter off target nuclei @0

* Operated at ~15 mK e in o

* Energy deposited in the target causes A p
a proportional temperature rise AT = —

e ——

C
2 15}
Target crystal/Absorber z |
e Material: CaWOQs, Si, AloOs3, LiAlO2 S
e Volume: 4 cm3 ‘~_
0.5
Temperature sensor
* W Transition Edge Sensor (TES) .
* Operated in the middle of its superconducting transition |
Heater 100 - ' 0.5 ;;I‘.
g . - 2 4 6 8 10 12 14 16
9 ¢ COpper holder Energy (keV)
g  Holding provided by CaWOy4 sticks o o
5 e Reflecting foil | .
= 5 - CRESST-III detectors optimised for
— “ _
0 BR Coerating noice Phys. Rev. D 100, 102002 N sub-GeV DM searches

| . i . : . : : . . .
I'_'I ~ Thermal link 5.0 7.5 100 125 150 175 20.0 225 @ 25.0
to heat bath Temperature [mK]
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https://arxiv.org/pdf/1904.00498

CRESSTHIL 15t run

Sharply rising energy spectrum below 200 eV

CRESST-III 1st run:

* 10 detector modules
e Goal: low threshold

Detector

* Target: CaWOQO4

e Exposure: 3.64 kg-days

e Baseline resolution: 4.6 eV

e Nuclear recoil threshold: 30.1 eV

i
{
|
|

Best sensitivity under
- standard assumption in range
0.16-1.8 Gev/c>

Phys. Rev. D 100, 102002

( : R s ST Cryogenic Rare Event Search
with Superconducting Thermometers

= CRESST-IIl 2019 = = = CRESST surface 2017 m——= : CRESST-1l 2016  ===== CRESST-11 2014
=i = CDEX-10 2018 = CDMSlite 2019 CDMS-Si 2013 s SuperCDMS 2014
CoGeNT 2013 e DAMIC 2016 ~ ===== EDELWEISS-IIl 2016 = = = EDELWEISS surf. Migd. 2019
----- EDELWEISS surf. stand. 2019 Collar 2018 = COSINE-1002018 = = = DarkSide binom. 2018
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https://arxiv.org/pdf/1904.00498

CRESST-IL 15t run

Sharply rising energy spectrum below 200 eV

CRESST-IIT 1st run:

* 10 detector modules
e Goal: low threshold

III|III|III|III|IIIIII|III|III_
-Allevents

- Accepted events

—h
o
w

-l
o
=

Counts per 30eV
L]

Detector

e Target: CaWOQO4

e Exposure: 3.64 kg-days

e Baseline resolution: 4.6 eV

e Nuclear recoil threshold: 30.1 eV

Counts per 30eV
3
|

Unexpected
background

0.4 0.6 0.8 1

"Energy (keV)

—t
o
N

103

Low Energy
Excess (LEE) is
a global

7 challenge

N
- SciPost Phys. Proc. 9, 001 (2022) |

10
The understanding of this LEE is

fundamental in order to further
improve the sensitivity to DM

il

10 12 14 16
Energy (keV)
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https://arxiv.org/pdf/2202.05097
https://arxiv.org/pdf/1904.00498

CRESST-IIL: 2nd yun

LEE origins? Multiple detector designs to find out

* Different LEE spectral shape found in multiple identical detectors
 Preparation for the following run: detector design modifications

lCaWO4 stick Cu clamp Bare Cu housing
— - j —— = e
o= &
i i |
o= o
TUM93 CaWwo4 Comm CaWo, I‘ LiAIO2

Cu stick

\

Scintillating housing
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CRESST-IIL: 2nd yun

LEE origins? Multiple detector designs to find out

* Different LEE spectral shape found in multiple identical detectors
 Preparation for the following run: detector design modifications

1.Material dependence — different target materials (CaWO4, Al2Os, LiAlO3, Si)

CaWO, stick Cu clamp Bare Cu housing

4

Cu stick

Scintillating housing
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CRESST-IIL: 2nd yun

LEE origins? Multiple detector designs to find out

* Different LEE spectral shape found in multiple identical detectors
 Preparation for the following run: detector design modifications

1.Material dependence — different target materials (CaWOQO4, Al2O3, LiAlOs3, Si)
2.Stress holder related — two holding systems (sticks, clamps)

g~

JCaWOtick ) Bare Cu housing
— = am
4 4
> D I
4 4
TUM93 CaWwo4 Comm CaWo, I‘ LiAIO2
Cu stick

\

Scintillating housing
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CRESST-IIL: 2nd yun

LEE origins? Multiple detector designs to find out

* Different LEE spectral shape found in multiple identical detectors
 Preparation for the following run: detector design modifications

1.Material dependence — different target materials (CaWOQ4, Al2Os, LiAlO3, Si)
2.Stress holder related — two holding systems (sticks, clamps)
3.Intrinsic stress — different crystalline structure

JCaWO4 stick Cu clamp Bare Cu housing
_— = <
s
I
o
I‘ LIAIO2
Cu stick

Scintillating housing
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CRESST-IIL: 2nd yun

LEE origins? Multiple detector designs to find out

* Different LEE spectral shape found in multiple identical detectors
 Preparation for the following run: detector design modifications

1.Material dependence — different target materials (CaWOQ4, Al2Os, LiAlO3, Si) 4.Scintillation light — scintillating materials removed
2.Stress holder related — two holding systems (sticks, clamps) (reflecting foil, sticks, scintillating crystals)
3.Intrinsic stress — different crystalline structure

CaWO, stick Cu clamp Bare Cu housing

— j e 4
am 4
I
am 4
TUM93 CaWO04 Comm CaWwo 4 LiAlO2

Cu stick‘
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CRESST-IIL: 2nd yun

LEE origins? Multiple detector designs to find out

* Different LEE spectral shape found in multiple identical detectors
 Preparation for the following run: detector design modifications

1.Material dependence — different target materials (CaWQ4, Al2O3, LiAlO3, Si) 4.Scintillation light — scintillating materials removed
2.Stress holder related — two holding systems (sticks, clamps) (reflecting foil, sticks, scintillating crystals)
3.Intrinsic stress — different crystalline structure 5.Detector geometry — LD as target detector

CaWO, stick Cu clamp Bare Cu housing

TUM93 CaWO4 Comm CaWo,

LiAlO2

\

\ Cu stick

Scintillating housing
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CRESST-IIL: 2nd yun

LEE

: observations

1001 *°° =K AL LEE events 60-120 eV
’u;uzoo ) Sapp2 —— TUM93A
S —— Comm?2 — Si2
15150
80 5 4 + | |
5100 c = £ At least two components in the LEE rate:
60{2 so = - o o
~ " A S g 2 S S
T Osapp2 TUM93AComm2 Si2  Sapp2 TUM93AComm2  Si2 G e o e * Slow component: . .
o 40 meec = 5 = s LEE rate constantly decreases with time (149+40 d)
(@]
) S = E e E
(O (C (C
2 20 g ., 2 = = = » Fast component:
. ¥y CO .
o ST vy 55 g o et b U RaA LEE rate “resets” after warming up the cryostat to O(10 K) (187 d)
0! B S e a o WA SN S N rye
+' | T — DM, internal and external radioactivity are excluded as main
75 ! by ; — T=3803yr LEE source
yott C 4 4y 4 AN
50 ALY Th—— +-++#++++1&_
100 200 300 400 500 600

Time since cooldown (days)

10.21468/SciPostPhysProc.12.013

Cryogenic Rare Event Search
with Superconducting Thermometers

CRESST
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https://arxiv.org/pdf/2207.09375

CRESST-IIL: 2nd yun
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Cryogenic Rare Event Search

CRESST

with Superconducting Thermometers

— LEE is observed in every material,
geometry and holding system

— LEE rate doesn’t scale with mass

' None of the modifications had a
significant impact on the LEE

Open possibilities
— holding-induced stress

— sensor induced stress
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CRESST-IIIL: 54 run

What else? New detector designs JLTP $10000-024-03154-6
Strategy

— 3 new detectors designs developed
— designs tested above-ground
— Currently installed at LNGS!!!

Double TES Double TES Stack Mini Beaker
* CaWO4 crystal e 4 SOS wafers  Instrumented holder: target crystals in
e Stress-free holding « Stress-free holding contact just with other detectors
* Sensitive to events originated in the TES » Sensitive to events originated in the TES * Surface coverage by silicon beaker
e Coupled to LD « Full surface coverage of inner crystals * Sensitive to holder transmitted events
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https://link.springer.com/article/10.1007/s10909-024-03154-6

- *CaWO4 crystal
- *Stress-free holding

* Coupled to LD

i Double TES

* Sensitive to events originated in the TES * Sensitive to events originated in the TES

CRESST-IIIL: 54 run

What else? New detector designs

Strategy

— 3 new detectors designs developed
— designs tested above-ground

— Currently installed at LNGS!!!

7 Double TES Stack
e 4 SOS wafers
e Stress-free holding

e Full surface coverage of inner crystals

CRESST

Cryogenic Rare Event Search
with Superconducting Thermometers

JLTP s1090Q-024-03154-6

Mini Beaker

 Instrumented holder: target crystals in
contact just with other detectors

 Surface coverage by silicon beaker
e Sensitive to holder transmitted events
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https://link.springer.com/article/10.1007/s10909-024-03154-6

Double TES

» 2 TESs, independently read-out
e CaWO4 target crystal (20x20x10 mm3)

e Stress-free holding

e Scintillating parts removed (except for the target)
e 2 collimated 55Fe sources

* Proof of principle measurement: TESs can be simultaneously

optimised

CRESST

Cryogenic Rare Event Search
with Superconducting Thermometers

Behind CRESST-III 34 run

Double TES R&D: above-ground measurements

= arXiv 240402607
Egﬁé‘ Accepted by EPJC

Eves2

v

TES1 |

Absorber (

Etesq

Scenario

* Events in the absorber
— the 2 TESs must measure the same amount of energy

e Events in the sensor/ close to one of the sensors
— different response

19th Patras Workshop on Axions WIMPs and WISPs | 16-20 Sept. 24. | Dr. Beatrice Mauri

10


https://arxiv.org/pdf/2404.02607

Double TES

Behind CRESST-III 34 run

Double TES R&D: above-ground measurements

» 2 TESs, independently read-out
e CaWO4 target crystal (20x20x10 mm3)

e Stress-free holding

e Scintillating parts removed (except for the target)

e 2 collimated 55Fe sources

* Proof of principle measurement: TESs can be simultaneously

optimised

CRESST

Cryogenic Rare Event Search
with Superconducting Thermometers

= arXiv 240402607
Egﬁé‘ Accepted by EPJC

TES 1 TES 2
Energy threshold [eV] 137 148
OBaseline [€V] 271+0.3 29.6 + 0.3
oFe [€V] 117 +3 118 + 2

g5 T

N
n
IllllIllIIIlllIIllllIllllIIIII|IIII|IIIII

Improved or. making an average event by event of the two TESs:
(81£2) eV

o) 7 —
(Etes1 + Etes2)/2 (keV)

N A O O TR TR O TR TP
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Behind CRESST-III 34 run

Double TES R&D: above-ground measurements

Double TES

» 2 TESs, independently read-out

e CaWO4 target crystal (20x20x10 mm3)

e Stress-free holding

e Scintillating parts removed (except for the target)
e 2 collimated 55Fe sources

* Proof of principle measurement: TESs can be simultaneously
optimised

( : R s ST Cryogenic Rare Event Search
with Superconducting Thermometers

Eresy (keV)

O

...llllllllllIIlllllllllllllllllllIll

8

N

EE”E‘ arXiv 240402607
SERE

Accepted by EPJC

||||||IL
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- TESZ2 only triggered

TES1 only triggered

- Both TES triggered

1 l 1 1 'l 1 l 1 1 1 1 l 1 1 1 1

o
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5 o) /
Eres, (keV)

— All populations are genuine pulses
— Discrimination possible with double TES
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https://arxiv.org/pdf/2404.02607

Behind CRESST-II 31 run

Double TES R&D: above-ground measurements

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

- A't')"e:‘ pulses | More tests performed:
— Absorber events B
§ Double TES also applied to SOS wafers

Entries

LEE: above-ground measurement observations

0.3 0.35 %4 " ({.;;5 0.5
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e Sensor related events contribute to LEE

) — LEE has more than one component

‘g — All clean pulses | .

&  pbcorborovente | e Rate rise towards low energy for shared events
g *LEE time dependence compatible with what was previously
f measured by CRESST

L “]UJJUJ AL,

Erest (keV)
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CRESSTHIII: novel calibration technique

Standard calibration oo T T}
5.9 X-ray line from 55Fe Data

— Best Fit q
@ Background Data

New technique proposed by the CRAB collaboration

—
-

N 182W isotope: -
o= Expected recoil energy: 112.5 eV
Fitted: (107.8+1.3)eV

Thermal neutron capture: 182 W(n, y) 183W e
p — De-excitation with a single y (6.1 MeV) Eé%‘
| >— Mono-energetic nuclear recoil 112.4 eV

| o

Counts / 2 eV
oo
-

o
-

Nuclear recoil peaks observed around the predicted value
in multiple detectors: 0 .\ \ I
CRESST low energy calibration confirmation 3 ] I 0l 10 faf| .1 'f‘ il
0 T PR ERITI LN R LAl o
0 100 200 300 400 500

e Energy (eV)
EE Eé‘ Phys. Rev. D 108, 022005 -
&
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https://iopscience.iop.org/article/10.1088/1748-0221/16/07/P07032/pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.022005

CRESST-III: DM results

Results: Silicon-On-Sapphire (SOS) wafer

New calibration method

e vacuum ultraviolet (VUV) luminescence @
7.6 eV from the Al2Os3 crystal irradiated by
>SFe source

. s ;‘,"C M f )
ok il - 1
L AN B Ry
g R oy

¢ .

il s

Wafer |
detector |

® precise calibration at threshold

with Superconducting Thermometers

Sensitive to DM masses below
100 MeV/c2

Main - —— CRESST-IIl 2024 CRESST-111 2022 === SuperCDMS-CPD 2020 —-— Collar 2018
absorber N N I ! ' l T I ! ! ! i —— CRESST-II 2019  --- CRESST surf. 2017  --- SuperCDMS-0VeV 2022 =
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* Detector: SOS wafer
e Exposure: 0.14 kg-d - e EE%‘ Xiv: 6
* Energy threshold: 6.7 eV - First single photons observation in CRESST ) arAlv:2405.00527
Cryogenic Rare Event Search _ . .
19th Patras Workshop on Axions WIMPs and WISPs | 16-20 Sept. 24. | Dr. Beatrice Mauri 15
I =


https://arxiv.org/pdf/2405.06527

e Detector: LiAlO»

The European Physical Journal C 82(3):207

CRESST-III: DM results

Results: Spin Dependent (SD) Limits

EDELWEISS-Surf 2019

LUX 2016

CRESST LIAIO, 2020 above ground
CRESST-III Li1 2022

CDMSlite 2017

s s CRESST-I11 2019
e ms - CRESST-III Li2 2022

.........................................

...............................................

Neutron only

0.2 0.3 1 2
Dark matter particle mass (GeV/c?)

e Improved SD limits for both proton and neutron only case
* Exposure: 1.161 kg-d |

|
* Energy threshold: 83.6 eV L
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https://link.springer.com/article/10.1140/epjc/s10052-022-10140-3
http://www.apple.com/uk

NewW CREssT-Ilt
detectors .,,

CRES

ST

Current status

News from the underground

April 2024
3rd run started
February 2024

: : : * Detectors optimisation: done
Detectors with new designs installed at LNGS

e Calibration & data taking: ongoing

R .

Deteckors mounting @ LNGS

Cryogenic Rare Event Search
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Behind CRESST-III 34 run

Double TES R&D: above-ground measurements

* Non calibrated spectra below threshold

T T T T T T T T T T T T T

=7 arXiv 240402607
Accepted by EPJC

Entries

W 1omar

% 0.005 0.01 oo T e T s T 003 % 0.005 0.01 0.015 0.02 0.025 0.03
Ergg [V] Ergs, [V]
* Inverted stream data: non calibrated noise spectra from empty baselines
= L S L B B 140" L ]
o, 50 1 S
2 {1 § 10 -
LE 40 — LE 100 ]
30 - 80 B
60 |
20 —
40 —
10 — 20 .
0, T Lu T o5 T 703 % 0005 ool oo oz o0 o003
ETESI [V] ETESZ [V]
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https://arxiv.org/pdf/2404.02607

CRESST-III Phasell

LEE origins? Multiple detector designs to find out

CaWO, (TUM)

CaWO, (commercial)

=
e

e AT
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Behind CRESST-II 31 run i agogorter

Double TES R&D: above-ground measurements

Etes2

?

Double TES

Etesq

» 2 TESs on the same crystal, independently read-out

Absorber i

SOS wafer (20x20x0.4 mma3)

* Stress-free holding

* No scintillating parts

e 2 collimated 55Fe source
* Proof of principle measurement: TESs can be

simultaneously optimised TES 1-L TES 2.1
Energy threshold [eV] 27 20.5

OBaseline [€V/] 5.4 0. 4.1+ 0.1

ore [eV] 149.0 £ 3.8 121+ 2.3
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https://arxiv.org/pdf/2404.02607

Behind CRESST-II 31 run arkivasosostor

Double TES R&D: above-ground measurements

2000'__' — 1 ' I I I I [ I =
1800 | -
Double TES E 1600 '— —
= - .
T 1400 -
» 2 TESs on the same crystal, independently read-out L : 200?_ ]
e Stress-free holding - -
. L . 1000'_— —
* No scintillating parts - -
e 2 collimated 55Fe source 800 —E
* Proof of principle measurement: TESs can be 600 -
simultaneously optimised 400 |- _;
200 t -
0 . R e L P I 1 it " .

0

EE R 4 5 6 7
(Eves1 + Eres2)/2 (keV)

00

Improved ore combining the outputs from both TESs: (90.0 +1.1) eV
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https://arxiv.org/pdf/2404.02607

Behind CRESST-II 31 run i agogorter

Double TES R&D: above-ground measurements
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https://arxiv.org/pdf/2404.02607
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But thatis not all!

Other CRESST-Ill achievements

Observation of a low energy nuclear recoil peak im the neutron Testing spin-dependent dark matter interactions with lithium
calibration data of the CRESST-III experiment aluminate targets in CRESST-III
Phys. Rev. D 108, 022005 Phys. Rev. D 106, 092003
First results from the CRESST-III low-mass dark matter program Probing spin-dependent dark matter interactions with 6Li
Phys. Rev. D 100, 102002 The European Physical Journal C 82(3):207
First observation of single photons in a CRESST detector and A Low Nuclear Recoil Energy Threshold for Dark Matter Search
new dark matter exclusion limits with CRESST-III Detectors
arXiv:2405.00527 J.Low Temp.Phys. 193 (2018)

CRESST

...and many others!
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.022005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092008
https://arxiv.org/pdf/1904.00498
https://arxiv.org/pdf/2405.06527
https://link.springer.com/article/10.1140/epjc/s10052-022-10140-3
https://www.researchgate.net/journal/The-European-Physical-Journal-C-1434-6052?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://link.springer.com/article/10.1007/s10909-018-1948-6

