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The CRESST collaboration

C RESS_'F Cryogenic Rare Event Search with

Superconducting Thermometers

Cryogenic Rare Event Search
with Superconducting Thermometers

Is a direct detection of Dark Matter experiment o NIQF O

8 Institutions W 9§

58 Members :“
- g N

UNIVERSITAT @
TUBINGEN ~ f&
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UNIVERSITAT

MUNCHEN
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CRESST located at LNGS (Laboratori Nazionali del Gran Sasso) in Italy

CRESST detector : * Cryogenic scintillating calorimeter

* Target material: CaWwO,

* Read out channels: Phonon and
Scintillation light

CRESST-Ill Phase 1 (Low threshold)
* 10 detector modules
CRESST-Ill Phase 2 (LEE investigation)

* Runl: 10 modified detector modules ; 3
 Run2 : novel detector design NN N VRS ;Zefiﬁiﬁi

e - vs: ~0.73/(s cm?)
KL ¥ - neutrons: 4x10°6 n/(s cm?)
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Towards low mass dark matter sensitivity

The signature of dark matter in a direct detection For a given cross-section:

experiment consists of a recoil * The rate increases exponentially towards lower

spectrum of single scattering events. energy
* End point of the spectrum decreases for lower DM

Vesc particle mass
dR E g2 P [T LD
dE ( t) ’ v Expected nuclear recoil spectra
mX ZIJA Ymin g 2 100k — 0.5GeV/c?

5 E Target CaWO, — 1GeVI?
j‘b 7 — 3GeV/c?
> 10 — 10GeV/c?
< — 100GeV/c?
Z 0Pk — 1000GeV/c*

Dark matter particles scatter . zi ' —

* off nuclei 10° =

* elastically - \\

* coherently: ~A2 10*

* (spin-independent) 'L

10* =
. ' i B \
po ) Iocal DM denSIty 1111 I\‘ 1 1111 ‘ 1 I 131l \‘ \ 1 11111

® (%)) . cross section at 0 momentum transfer 1073 102 10- 1 10 102

*m, : DM particle mass Energy (keV)
. uA reduced mass
» F+ nuclear form factor Lower threshold -> better sensitivity

vese f(Vo 1) L
. — d"v Integral of the velocity distribution .
vmin L velo ; o c CRESST has the best nuclear recoil
*v_.. : minimal velocity to produce a recoll of ener . .
yePp &Y threshold in the field
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Cryogenic calorimeter detectors

* Cryogenic detector Ty=10mK

* An energy deposit in the target leads to AT = 2E o
a proportional temperature rise

3o

®  Target

100} ®  light Detector
Heater
P

The temperature readout = {
is made with a tungsten :« 1
Topr - g AR
0 transition edge sensor “ § ]
{ _{
P ’ A 7| aT

22.00 22,25 22,50 22,75 23.00 23.25 2350 23.75 24.00
mK

Light detector silicon on sapphire

Neutron calibration data

Light Yield

Light yield characteristic of

the type of particle
->Particle discrimination

I L L L L L
10 20 30 40

50
Energy [keV]
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CRESST-Ill Phase 1 (Low threshold) - 2019

Latest result standard scenario

Measured background below ~300eV with a
massive calorimeter for the first time

 Data taking period: 11/2016 to 02/2018
e Detector mass: 24 g

 Total exposure: 5.7 kg day

¢ Analysis Threshold: 30.1 eV

Phys. Rev. D 100, 102002 (2019) / arXiv:1904.00498

== CDEX-10 2018 —= CDMSlite 2019 —— SuperCDMS 2014 -+ SuperCDMS-CPD 2020
=== CRESST surf. 2017 mmmm CRESST-IIl 2019 —— DAMIC 2020  -=-=-- EDELWEISS-IIl 2016
----- EDELWEISS surf. 2018 ===« Collar 2018 == COSINE-100 2021 = = = DarkSide binom. 2018
== LUX combined 2016 = —— NEWS-G 2018 — - PandaX-1l 20177 —— XENON1t 2018
womn XENON1t S2 2019 PICO-60 C,F, 2019
= 10°g 5 10*23;5
2 N I
c 4SS 3, s
5 10°E =107 ¢
= E e | e = .9
S ® B
o 10°E =107 g
o E 3
f=4 102 E = 10734 <]
o E E S
g E = =
8 1k 410°¢ o
o E E k)
= E E S
Z 102 =10 2
o E = @
'g aC NS0 2
g 107 = =10 £
a = N ©
] E h LT 42 E
= 107 & . R i=10 Q
g E ., N84 43 %
E R R
~ 10,3 E N = 10—44 =
5 E Coherent Neutrino Scattering on CaWo, \é =
(a] E S 1
10—10:||\|\ ! Ll ! [ R = 0—46D
0.05 0.1 0.2 03 1 2 3 45678 1&

Dark Matter Particle Mass (GeV/c?)

Measured energy spectrum

% 103 I__' T UL T T T | T T T ‘ T T T | T T T | LI T | T T T | T T I__I
— Z 10° —
e C S | All gvenis -
[} C i .
:I-J - 5 [ #ocspted event -
o L H 4
@ S 4
c I -
3
©10° o E
R,
|l . 1 L I vl . |
[] 0.2 0.4 06 0.8 1
Energy (keV)
10 =
L ‘\ ||| ‘n ‘. |H| ! H‘H\‘u J i || \ I |H|‘ “‘| |H|H 1 |H| |‘ w |H'H
0 2 4 6 8 10 12 14 16
Energy (keV)

Leading sensitivity between 0.16-1.7 GeV

Unknown background at low energy

o

Exponential increase in detected events rate for
“ree energies below 200eV (low energy excess)

e

SciPost Phys. Proc. 9, 001 (2022) / arXiv:2202.05097v2

To further improve sensitivity to DM, and access to
this part of the parameter space it is important to
understand the LEE.

CRESST
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In-depth study of detector response

» Study of energy calibration at low energy.

60

: — Energy calibration for nuclear recoil
> B Background Data
-8 182W(n,y)18W
de-excitation with a single y (6.1MeV)
L e, TN > mono-energetic nuclear recoil 112.4eV
Energy (keV) Energy (eV)

Phys. Rev. D: https://doi.org/10.1103/PhysRevD.108.022005

> Not Dark Matter

» Rigorous threshold analysis:

] . . é : Detector E 2eV binning ‘ <
threshold determined by accepted noise trigger rate s B 000 |ees Detector A 1eV bining o
-E Detector J 2eV binning | 2
3 T]
50% trigger efficiency @threshold of 26.1 eV s o
Analysis Threshold: 30.1 eV -> 1 noise event/(kg day) § o
x10° 8 Ce
T T T T T T T |4 ™~ O
4r —Fit of noise trigger distribution | I ﬂl\ SRS
350 = Fraction of pulses with a threshold of 26.1eV | 1.2 1 NS - 51 I \“‘-h_. L : E
= —Fit of trigger efficiency B ! ‘ ] l ‘ ’ 3
(5] . = | | o
23 11 - il Wi | Z 5
2 | | )
2.5 J o - | Tt . =
< 08 = ! t ] il | | 4 Q
by 2 o 107" I | g s
= 106 & 8 il } i | 3 £
£15 -.2; i fis ] t Ll | A1 . B
2 0 104 = 0.05 0.1 0.15 0.2 0.25 ‘ &
“ Energy (keV) .
03 1% 7S
J N ) Different identical detector measure 23
10 15 20 25 30 35 40 45 . . =
Energy [eV] different spectral shape not compatible g 8
. . noa

[J Low Temp Phys. https://doi.org/10.1007/510909-018-1948-6] with a single common source
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CRESST-Ill Phase 2 (LEE investigation)

Multiple design modifications were applied in the followed data-taking campaign to identify the
source of the LEE background

lCaWOl‘ stick Cu clamp Bare Cu housing
- Y — / e W e— Y c—
4 AN
4 4 |
> e D
- - |
TUM9£aWO4 - \"Comm_Cawcb/ = x _I.iAlOZ _A|203
\_ _J . \ _J
\ Cu stick
Scintillating housing
*Material dependence stress)
different target material Scintillation light
*Stress induced by holding no scintillating material
two holding structure *Detector geometry
*Internal stress analysis of LD as target

two crystal suppliers (different internal
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CRESST-Ill Phase 2 (LEE investigation)

Multiple design modifications were applied in the followed data-taking campaign to identify the
source of the LEE background

CaWoQ, stick Cu clamp Bare Cu housing
- i e— / i e— Y cr—
4 4 |
g 4 D
4 4 |
TUMS3 cawo4 “\_.comm cawo, /| \ _LiAI02 _A203
g , g ,

\ Cu stick

Scintillating housing

Wafer ||
detector | |
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CRESST-Ill Phase 2 (LEE investigation)

Comparison of rate measured with different detectors

= - ——S2035g o — Si20.35¢ None of the
S10° g7 —Lit11g 3 - —Lit11g . .
N Y IS Sapp1 16 g vg., -l Sapp1 16 g modifications had
L10'E s —— Sapp2 16 g - e —— Sapp216 g T .
e s — TumgsA24g | 3 . — TUMSg3A 24 g a significant impact
g£10° e :::_%: Comm2 24 g :é "-;_J_* Comm2 24 g on the LEE
o T =
E 1 + =
10: %" T+14+++ §
E Sk NI
e e 8
1% TTIT 1 ==~ '5;:“4:-:: s AR A
% | | | "j ...- i S dk
107 L LU
107 107 Enerz;y (keV) 10” Energly (keV)
— o exponential decay in the LEE rate
100 5 LEE events 60-120 eV
7200 — Sapp2 — TUM93A
80 %m | I -—— Comm2 —— Si2
fll 1 | N We select a common energy range from
g s o £ £
__ 60 | | E s g 8 60 eV to 120 eV
T} 0 %Sapp2 TUMI3AComm2 iz Sapp2 TUM93AComm2 512 T 8 2 ]
4 Detector : % Da %
s g E E €
< 20 ] £ g 3 Two decay constant:
2 M =
. e T,= 18 + 7 (fast)
{ } + TUMI3A Fe events T,= 149 i 40 (SIOW)
75 }‘H‘*H—H*iﬁf—*a +_+ f —— e — r=38x03yr 2
s I ATIERAR A Hf_ff_Lf_”‘*‘*jr*mﬂiiﬁ”ﬁﬂ“
100 200 iasince cooldown (days) " 600 The rate “resets” after warm-up cycles
[https://scipost.org/10.21468/SciPostPhysProc.12.013]
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CRESST-Ill Phase 2 RESULTS - Sapphire

We observe vacuum ultra violet (VUV) luminescence photons (7.6eV)
from a nearby Al, O, crystal > Precise calibration at threshold

o F J

Al,0, wafer detector . ;
* Data period: 11/2020 to 08/2021 5 | ;
e Detector mass: 0.6 g Bk 3
* Total exposure: 0.14 kg day 3 ]
* Analysis Threshold: 6.7 eV g j:a :
50; b ey é
35Em=jf ggy 45( er)U

= CRESST-Ill 2024 CRESST-IIl 2022 === SuperCDMS-CPD 2020 —=— Collar 2018

—— CRESSTI12019  ---- CRESST surf. 2017  --— SuperCDMS-0VeV 2022

a I n’g
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Submitted PRD : e-Print: 2405.06527
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https://arxiv.org/abs/2405.06527

CRESST-lll Phase 2 RESULTS - Lithium Aluminate

LiAlO, detector Expected rate for spin-dependent interaction
e Data taking period: 11/2020 to 08/2021

e Detector mass: 10.48 g dR 2[)0 SD Jit+1 {Sp/n_,-_;r)z
e Total exposure: 1.161 kg days AE p/n Zfz T ’ T 1N (Vinin)
e Analysis Threshold: 85.71 eV R 0.7 p/n

6Li (7,5%) and 7Li (92,5%) «Sn»>=¢Sp»=0.472 for °Li,

Ideal element for probing SD DM «Sp > =0.497 for "Li
interactions «Sp »=0.343 for ?’Al

DOI: 10.1140/epjc/s10052-022-10140-3

CDMSite 2017 — ——  Borexino 2019 EDELWEISS-Surf 2019 — ite 2017
Collar 2018 C(Hm 20 s LUX 2016 —_— c Ess H 20 s
GRESST LIAI, 2020 above ground —— —— CRE! 2022 CF\ 55 L'ND 0 above ground —

— CRESST-IILi1 2022

T T T 210_25 — T 10_25 —
g i od102f & H10% 5 . e
E 5 d07 s 8 : 41077 & proton: leading sensitivity for
é A / J10728 g § . UL <1028 g
~=TH0T 5 g0 o™ mass range between 0.25 and
2 ; SrE10Y 5 S 10°E 210 §
— N i0¥ £ Fi0%h \ qovs 2.5GeV/c2
g - A0y 2 10%E e N S L1 D . e .
£ | __ 908 S0k ===x===""107¢  neutron: leading sensitivity for
] _ﬁz 5 =] E \ FU
s o T BN ORI | =300 5 mass range between 0.16 and
2107 (R s i [ I RS [0 ] i <10 E
S10° 55 08 53 456078 S0 g gy 2 3 4 5;510_35 8 1.5 GEV/CZ.
’ ’ Dark matter particle mass (GeV/c?) ' ' Dark matter particle mass (GeWc )

DOI:https://doi.org/10.1103/PhysRevD.106.092008
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What next?

What do we have learned from this long investigation campaign?

- Rate decays over time

- The rate “resets” after warm-up cycles

- It is not external radioactivity

- different internal/external stress does not reflect in the measured excess
- Excess is not due to passive scintillating parts

- Similar rate shows up in all detector of the same material regardless
difference in mass, surface and TES dimension

Detector development for the CRESST experiment

Development of 3 new detector designs SIE = G alats 29, 0T

4m veto, sensitive to holder Stress free, sensitive to TES Stress free detector, size of the target

for scaling up
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CRESST-lll Phase 2 — New detectors

Novel detector module designs to study the low energy events
Stress free
*Two TES
*No scintillating parts
*Only copper in the line of sight with the absorber

Goal: Measure the excess in coincidence within the
two sensors

= Test electronic sources
" Test TES induced events
= Events induced by mismatch of sensor/absorber differential test aboveground @ MPP Munich

thermal contraction " ' =

S Es ]

= : =

RIS et =

~ Target events wOoE - 3

] TES1 events B =" E

= TES2 events a1 N s 3
r Eresz (keV) .

* L E

23— e " - TES2 only triggered —f

TE_ Y ) - TES1 only triggered E

— > S - Both TES triggered ]

TEsl O:‘l-‘.b. ISR [N S SN SR SR T SN T SR T NN SR A TR S NN SR SO SR T NN SR SO TR T SN S SN T S S S S R J__
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6 7
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CRESST-lll Phase 2 — New detectors

To access to lower energies we developed a double sensor onto sapphire wafers

=]
0]

™A
1l

1= -

%- . $ ,'. -. E F TES2-L template pulse 1
*—0.47 - . -oe ;.‘ . -g 08— |
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¥ . e ] E 06 .
aPpm e g . < r i
"l gt B L ]
L ] 04 b
s All clean pulses 0-2:— L _
« Absorber events E g: 1
] E7 00 7%0 20 250 30
h Time (ms)
04 5 - ]
Ereszy (keV) E: Shared LEE event on TES2-L
g o8- z
From test above ground: v averaged ~50 eV ;
g oer

* TES related events are 1 component of the excess

* Rise in rate towards low energy for shared events memimerommmmmens] ot -

* Rate decays with a compatible fast decay constant j & 70 7
compared to the one measured in CRESST

200_ 250 300
Time (ms)

Submitted epjc: e-Print: 2404.02607

Current data taking:

5X CaWO, detectors with double sensor paired to standard light detector
4X Silicon on sapphire wafer with double sensor
1X Beaker module
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https://arxiv.org/abs/2404.02607

Conclusion and perspective

CRESST has the best nuclear recoil threshold with massive calorimeters

- Leading densitivity for dark matter masses 0.08-1.65 GeV C R E s ST

— 520350
................................................... i 119
Sapp1 169
—— Sapp2 169
—— TUM3BA 24 g
Comm224g |

Low energy excess strongly limits the sensitivity of the experiment
- Detailed study and modeling of the low energy excess with a
variety of detector disfavors particle, intrinsic stress or external
stress origins.

Novel detectors have been designed and are currently in data taking
- 5X CaWO, detectors with double sensor paired to standard LD
- 4X Silicon on sapphire wafer with double sensor
- 1X Beaker module

Dark matter results o
- Exploiting LIAIO, improves the existing limits for spin-dependent &
interactions.

- Using low-threshold wafer detectors of Al,O; as targets extends
reach to dark matter masses of 80 MeV/c? for spin-independent
interaction.
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