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HEPHY and TU Wien ATI participate in four
Interrelated projects centered arounduclear
Recoills(NR)in cryogenic detectors asgnature
for rare events

ACRESS0 search for NR caused by elastic
scattering ofDark Matter (DM) in various target
crystals

ACOSINU&aIm to checkDAMAS DM clainvia NR
In Nalcrystals

ANUCLEU® measurecoherent elastic
neutrino-nucleus scattering / 9 Aabfdll 0
coherency

A CRABo develop asub-keV calibration source
for NR

CRESST

Cryogenic Rare Event Search
with Superconducting Thermometers

PN

COSINUS
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CalibratedRecoildorAccuratdolometry
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The Technigue



Measure NR with TES based cryogenic calorimeters

ATechnigue developed within
the CRESST experiment over
the last 30years

ARecoiling nucleumduced by
/] 9Ab{S 2NJ a0FGGSNAY3A 2FF 5a

particle orneutrons
ACryogenic targe@ O(10mK)

DM, n,A



Measure NR with TES based cryogenic calorimeters

ASignature: recoilingucleus
ACryogenidarget @ O(10mK)

APhononsignal: measurement of
recoil energy

NE/C=nT
1keV ~ 1pK




Measure NR with TES based cryogenic calorimeters

ASignature: recoiling nucleus
ACryogenidarget @ O(10mK)
APhononsignal: energy

AReadout by aTEStransition
edge sensor)
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Measure NR with TES based cryogenic calorimeters

ASignature: recoiling nucleus
| — ' ACryogenidarget @ O(10mK)
X7 APhononsignal: energy
AReadout by a TES

ASometargets (e.g. CawONal)
scintillate separated light
detector placed inside a
reflective housing




Measure NR with TES based cryogenic calorimeters
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ASignature: recoiling nucleus
ACryogenidarget @ O(10mK)
APhononsignal energy
AReadout by a TES

AScintillationlight signa
particle dependent

A Particle identification

Lightyield=ight signalphonon signal

Target: CaWQ
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Measure NR with TES based cryogenic calorimeters

ASignature: recoiling nucleus
ACryogenidarget @ O(10mK)
APhononsignal energy
AReadout by a TES

AScintillationlight signa
particle dependent

A Particle identification

light signal/phonon signal

Lightyield

Target: CaWQ
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Discrimination between
electron recaoils, |
l.e. dominant radioactive background
nuclear recoils,

l.e. potential DM signal
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The Experiments



CRESST

Cryogenic Rare Event Search
with Superconducting Thermometers

q|
‘||||||" "/ COMENIUS
) UNIVERSITY
- HEPHY BRATISLAVA
INSTITUTE OF HIGH ENERGY PHYSICS
)
MAX-PLANCK- IFT]EELT\-}SJ& Laboratori Nazionali del Gran Sasso

vo) UNIVERSITY OF

’ OXFORD

Technische

Universitat
Mulnchen

EBERHARD KARLS

UNIVERSITAT
TUBINGEN

11



Dark Matter induced NRs

Rotation curve of the Milky Way
A DM is accessible here darth !

[Y.Sofue Publ.Astron.Soc.Ja4 (2012)75]
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Constrain free parameters of DM
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Cross section?%é)by searching for

DM induced nuclear recoithove
the expectedbackground

A

Cross sectiohcm

Expected spectrum of DM induced elastic, NRs:
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Interactionstraditionally classified as
spinindependent (Sl) or spidependent (S

[J. Billard et alRep.Prog.Phy85 (2022) 056201]

1077 g7
O‘Sj*,

1 0—12
1 0—44
1074
1 0—48

10—5()

LUX (M)

CRESST (Surf)

EDELWEISS (Surf)

. \ NEWS-G
CRESST-I1I \\ \ DAMA/Na

Spectrum is steep for low mass DM
A Search fotight DMrequires aow
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https://dx.doi.org/10.1088/1361-6633/ac5754
https://doi.org/10.1093/pasj/64.4.75

N7 v, { n-\‘/‘
Eric Gaba, NordNordWest

Located in Italy

at the LaboratoriNazionaldel
GranSassqdLNGS), shielded by

3600mw.e. against atmospheric background

light signal/phonon signal

Lightyield

The CRESSXperiment
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Cryostat

1 aAaKASfRY

/" 20cm Pb

n shield:
45cm PE
_ tinner PE

14cm Cu against

~ background from Pb

T~ Active p veto

G

Main absorber:(2x2x1)m?, broad choicef
materials e.gCaWQ@(249), AtOz (16 9),
LiIAIQ (109), Si (9)

Thin wafer detector:(2x2x0.04xm?, Si or
siliconon-sapphire(SOS) servess
light detector for scintillatingabsorbers

SensorsW-TES directly evaporated on the crystals

Holdingstructure: light-tight copper housing
scintillatingreflector foil
detectors held by sticks from Ca\W@r copper
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| atest Results

Sl Iim

Its

SD limits

Detector AT 23.6 g CaWOq4

data taking period Oct 2016 7 Jan 2018
exposure 5.698 kg - days
baseline resolution 4.6 eV

nuclear recoll threshold 30.1 eV
[A.H Abdelhameectt al.,Phys.ReVv.000(2019)102002]
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Lil detector i 11.2 g LIAIO2

data taking period
exposure 1.161 kg days
baseline resolution 12.8eV

nuclear recoll threshold 83.6 eV
[G. Angloher et al.Phys.Rev.D06(2022) 092008]
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cryogenic detectors
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Isotopes sensitive to SD interactions:

|sotope Sp0]  66nO
6L 0.472 0.472
L 0.497 ---
27TA 0.343 | 0.0296
Neutron

LUX 2016 s s CRESST-IIl 2019
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CRESST-IIl Li1 2022
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Wide range of targets, routinely achieved thresholds <100 eV
CRESST is leading the light DM search with standard
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https://doi.org/10.1103/PhysRevD.106.092008
https://doi.org/10.1103/PhysRevD.100.102002

Low Energy Excess (LEE

First observations: 2016 7 2018 (CRESST-III DetectorA) Different LEE in different detector shapes and materials

[G Anqloher et al., IDM2022 Proc., arXiv:2207. 09375]
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All events Unexplained event population at low energies,
Accepredevents |1 not only observed by CRESST but also other experiments
A Differentshape in different detectors
A Nocommon particle origin, i.en0 DM
A Notreproduced in MC backgroundodel withimpCRESST
code[A.H.Abdelhameecet al. Eur.Phys.L79(2019) 881
A Radioactivébackground unlikely, but dedicated
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A Countrate decrease over time
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C Limitation for DM resultsOngoing R&D to investigatend mitigate
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CRESST background model (e.g. TUM40 detector) stays ~flat LEE decrease over time
| ok s [G.Angloher et al., IDM2022 Proc., arXiv:2207.09375]

ZZBA h 234Th sh
208TI sh | 179Ta
234Pa W 212Pb sh BCK AWU
B 235U sh 210Bi_ho 1 0 0
N 214Bi ho [ 227Ac
207T1 B 211Pb
I 212Bi_sh 231Th
W 12150 B 224Ra sh
K . 181w 8 0
B 210Fb 214Pb
LM R N 210Bi
I 223Ra sh 210Pb_ho
. . EEN227Th sh | 172Hf
B 57Co_ho [ 219Rn_ho
N 210Fb sh [ 60Ca_ho 6 0
211Bi_sh 56Ca_ho

N
W
o

LEE events 60-120 eV
—— Sapp2 — TUM93A
} i —— Comm2 —— Si2

N
o
(=]

=
w
o

=
o
o

Decay time (days)

w
o

® L]
®
Sapp2 TUM93A Comm2  Si2 Sapp2 TUM93A Comm?2

Detector
40
4

228Ra 211Fb _sh

Il'lvll*jﬁlﬁ“.'.ﬂf*:‘qillﬂilz . T“"_hﬁ.i ‘ ‘-HIIH. 1 i) 77: i | I F J' ..I | WW219Rnsh 54Mn_ho

|ll 150Dy [ 185W
o1 I 175Hf 228Ac
B 465c ho W 214Pb sh
[ 210Bi sh 49V
W 214Pb_foil W 212Bi
I Lol § o 151Gd 143Pm
10! ol T | oL Rk Lin L RLE i | ¥ B 234Fa foil N 174Lu
! A | - by |7 e g B THEE - Sp e I | L 5 - 59Fe_ho [ 227Th
S5 mm212Pb W 234Th foil
= 223Fr N 214Pb ho
P 109cd [ 223Ra t = = P N
= W 210Bi foil N 207TI sh 0 L v ”
355 W 1455m
228Ac ho [ 235U
W 210Pb foil 212Pb_ho +
BN 208T1 ho [ 234U foil 4 +
B 230Th_foil 1135n 7 5
. 208T1 W 226Ra_foil
N 238U foil [ 212Pb foil
I 228Ac foil [ 223Fr sh 5 0 4
N 218P0 foil | 222Rn foil J [ LY
I 212Bi foil [l 210Po foil

220t 22iRa 100 200 300 400 500 600

. . . . . ) ) ) ) 208T1 foil [ 235U foil i .
5 10 15 20 25 30 35 40 45 50 2k fol 21 fol Time since cooldown (days)
E/keV

Neutron calibration
Warm Up to 60 K
Warm Up to 600 mK
Warm Up to 200 mK

20

Counts (day™1)

[ay

4 TUM93 *5Fe events
—— T=3.6*03yr

Residual

15


https://doi.org/10.48550/arXiv.2207.09375
https://doi.org/10.48550/arXiv.2207.09375
https://doi.org/10.1140/epjc/s10052-019-7385-0
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Excitingnew DM results
A Extending reach to lower masses witheld threshold Si detector "SI N

Neutron

A Unique ability to use a widenge of target materials enabl&D o

A Routinelyachieved thresholds ¥00eV
A Leadingcryogenic experiment at the se®eVe scale
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BroadR&D program tadentify the origin of the LE&nd mitigate itseffects
Ongoing efforts tomprove detectors (lower thresholds, increase radiopurity of crystaist O1 3 N2 dzy' R

Preparing for anajor infrastructure upgraddo accommodate up to 100 detector modules
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Annual modulatedDM events

[J. Billard et alRep.Prog.Phy85 (2022) 056201]
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https://dx.doi.org/10.1088/1361-6633/ac5754

Light energy (keVee)

Objective

COSINUS ainas amodel and materialindependent tesiof DAMA

Novel and unique: operation dfalas cryogenic detector
A Lowthreshold (in particular for nucleaecoils)

A Preciseenergy information

C Signalonly measurement of potential DM signal

0 5 10 15
Phonon energy (keV)

What DAMAcan see

20

Light energy (keVee)
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What COSINUSIn see
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[G. Angloher et alEur.Phys.C76 (2016) 441]

20 (X3 . "’ °
Simulated background SRR _‘_'___-;._-__-
Simulated DM spectrum T CAYL
15 - : COSINUS 1keV threshold . : =" - '_,.-5,"_.-_ ‘:':._';:_-:.;.- RO

Light energy (keVee)
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A 1keV nuclear recoil threshold A DM spectrum:
10GeVe, 2x10% pb
A Flatbackground: 1 /(keV kg d)

+ 40 backgrounds00pBa/ko - A Valuesfor quenching factors from:
[V.I. Tretyak Astropart.Phys33 (2010)40]
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https://doi.org/10.1140/epjc/s10052-016-4278-3
https://doi.org/10.1016/j.astropartphys.2009.11.002

Measuring NRs INal

Background data: *° ook — gammanband

—— electron band

1.5

Nalis hygroscopic and has a lomelting point |
A Nodirect evaporation of TES possible , m@r .......

C remoTESletector design 5
[G. Angloher et alNucl.Instrum.MethA 1045(2023)167532] Z s
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|
/ /,’
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A A s g
. 2 C Hrst Naldetector
Phonons couple directly to electron system otpad £ . o DR
P y y S with particleidentification
00 . on eventby-event basis
Na and | recoils
from elastic n scattering
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https://doi.org/10.1016/j.nima.2022.167532

COSINUS at LNGS

Clean room

Control

building Water tank

A Installed at LNGS to shield against
atmospheric background

A Water tank as passive shield and active
(Cherenkov) veto

A Shielding design optimized with MC

SimulationdImpCRESSbde)
[G. Angloher efal., Eur.Phys.X282 (2022 248]

Dry-well supported by Cryostat + 8cm Cu
tripod shield

COSINUG8etector

21




