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COSINUS: future cryogemc Nal DM search

~30 scientists, engineers, and technicians
are building a low-background cryogenic
dark matter observatory based on a sodium
iodide (Nal) target

www.Ccosinus.it @ Cdsﬂe ngberg Germon-eé. /2022
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COSINUS experimental site  CINEN

V4
LUNA MV
in future

LEGEND-200
CRESST CUPID

 Laboratori Nazionali del Gran Sasso

(LNGS), ltaly ol —ml
« COSINUS is located in hall B view from XENONNT 2019
« full approval in 2021 &=y V) / \4 )’
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Shielding design based on MC

COSINUS experimental facility S e

: Dry dilution
: 5 , ‘ refrigerator
Control : ‘ 7 BIAVAWEY +
11 BT s /) 4\ supported by external
blllldlrlg Mz=l/= \is ) tripod Cu shield

MAX PLANCK INSTITUTE FOR PHYSICS | K. SCHAEFFNER 4



WHY WE NEED A WATER TANK?®

« good moderator for neutrons

« veto of (cosmogenic) muons via Cherenkov light emitted
in water =2 instrumentation of water tank with 28 PMTs

S — T 1 ] |

' Rate of cosmogenic neuvtrons: é ............................................................................. **\\N‘\\ﬂ ............. EPJ C 82, 2022

& VG :g ................ .................... —.:— amr:zir:::t;c;:::utrons

(35 + 07) counts kg_] yr-1 g ................. S — g _._ ambien;neu"onsé

with veto: ;_8 ................................................................................. ‘ ______________________ ______________

T U kg_] yr_] ............................................................................................................ ‘ ................ ..............

| ] e ..
_________________________________________________________________________ ,

1 1 I 1 1 1 1 l 1 1 1 1 1 1 1 1 l 1 1 1
150 200 250 300
Water thickness (cm)
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VIBRATION MITIGATION: 3 LEVELS

UltraQuiet
= Technology

all parts of
cryostat are
centered

GLOBAL STAGE

190 kg copper
shield below
the mixing
chamber

CYROSTAT STAGE

infrastructure on blue frame

= most “noisy” B, rotary valve of
0,
pulse tube unit on yellow frame o g the ||oulse fube
- medium oF cooler on
9.2 separate frame
cryostat “rests” in drywell 52
- most quiet /’E')\\ sandbox

¢
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DETETCTOR STAGE

damping module
modules to

decouple the  ievtar
detector plate wire



B /0

e v/l

installation @ LNGS: 11/2021 — ongoing

Water tank, platform equipped with clean room and

conftrol building finished !

- this week: installation start of electrical infrastructure
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COSINUS SEARCH STRATEGY

Model- and target independent test of DAMA

- novel and unique: sodium iodide target as low-temperature calorimeter

HEAT CHANNEL:

precise energy information
+ low threshold for nuclear recoils
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Ao

COSINUS

Phonon/Heat

~90 %
slow signal

~1-5% ~10%
fast signal

LIGHT CHARGE



COSINUS SEARCH STRATEGY AN

COSINUS

Model- and target independent test of DAMA

-2 novel and unique: sodium iodide target as low-temperature calorimeter Phonon/Heat

« HEAT CHANNEL: precise energy information gon
+ low threshold for nuclear recoils

« LIGHT CHANNEL: particle idenftification on event-by-event basis

~1-5% ~10%
fast signal

CHARGE
LIGHT
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COSINUS SEARCH STRATEGY AN

COSINUS

Model- and target independent test of DAMA
- novel and unique: sodium iodide target as low-temperature calorimeter

« HEAT CHANNEL: precise energy information
+ low threshold for nuclear recoils

« LIGHT CHANNEL: particle identification on event-by-event basis

e PICO
- superheated liquids
~ (C3Fg, CF3l)

- Signal-only measurement of potential DM signal .
DAMA/LIBRA (Nal) o =
ANAIS (Nal) o . 2
SABRE (Nal) \ k oble gas) .
COSINE (Nal) ¢ : I
KIMS (Csl) e .

* XMASS 0

(Xe) -

(@5 * DEAP-3600  °® 42

e (Ar) §e)

0]

S
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LOW-TEMPERATURE CALORIMETER

heat bath = 10 mK

Outgoing particle
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LOW-TEMPERATURE CALORIMETER

heat bath = 10 mK

—
>
Z
=
=
a.
N
=
O
=
e
20
n

oniniMé [ni;]
Particle discrimination

via the ratio of light to
phonon signal

light Outgoing particle

Prompt scintillation light detected by separate,
cryogenic light absorber - Light signal




... Nal is not that Nalce |

_____________________________________________________________________________________________________________________________________________________________________________________________

hygroscopic nature @

_____

handle only in
controlled
atmosphere

/
2

e e e e e e e e e e e e e e e e e e e e e e
A Since 1928 N
|

Nal grown in collaboratfion with . %Slccl\s

5-9 ppb of K at crystals' nose and 22-35 ppb at crystals’ tail

(3-inch crystal, Astrograde powder from Merck) Zhu, Y. et al, IEEE, 2018

_____

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________
” SN
N

NIM A 1045, 167532

adapted thermometer - remoTlES
+ avoid other phonon-loss channels

_____
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remoTES DESIGN

Au-wire « separate wafer

Au-pad N\ Au-pad hosts the thermometer CR ;s S—T

(TES = transition edge sensor)

« gold pad glued / evaporated onto Nal crystal

\\\\\ Wafer )
Tes . phonons propagate in Nal and couple to the
ermal link
‘ | to heat bath electron system of the Au pad
‘/ | Ab;mbe, « gold bond wire

connection to the temperature sensor
NIM A 1045 2023 167532

________________________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________________________
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remoTES DESIGN

Au-wire Matt Pyle et. al, 2015
Au-pad \ Au-pad arXiv:1503.01200

\ E L TESWafer

Thermal link
to heat bath

/
7’
4
7
7
7
7

Absorber

NIM A 1045 2023 167532
- proof of principle: Si and TeO, as targets

_______________________________________________________________________________________________________________________________________________________________________________________________________

~ remoTES readout opens field of cryogenic detectors for delicate,
- non-standard target materials for dark matter and neutrino physics |

_______________________________________________________________________________________________________________________________________________________________________________________________________
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RESULTS FROM Nal-remoTES — June 2022

* Nal (undoped) grown by SICCAS

« dimensions: 10x10x10mm3; about 4 g
« Au-foil glued with epoxy

« Au-pad size: 4 mm?

« TES wafer (Al,O3) with W-TES

« silicon light absorber of beaker-shape

« dimensions: 40 mm diameter and height, 1 mm thick
« mass: 15.1 g

« W-TES directly evaporated onto the Si beaker

« TES optimized for light detection
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BACKGROUND DATA e e

light yield

25 g

2.0

1.5

5.9 keV from °° Fe

« 58.07 hours of data

* Ong=0.441 +/-0.11 keV 2 Ejn <2 keV
* Op=0.988 +/-0.052 €V,

* Olpdirect= 23.87 +/-0.55 eV

« light output Nal: ~2.5%

« energy calibration with »°Fe & >’Co

PRELIMINARY

4
10
i

Hl bck data

25

50

—— electron
gamma
103 ——— excess light

excess light gamma band | B A
acceptance region Na band --- total
—— electron band —— | band 10" &
75 100 125 150 175 200 o B

bck data - energy (keV)

25 50 75 100 125 150 175 200
energy (keV)
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NEUTRON

light yield

2.5

5.9 keV from °° Fe

DATA

PRELIMINARY

25

50 75

100

Na band
—— | band
——— Inelastic band

excess light
electron band
gamma band

125 150 175 200

ncal data - energy (keV)

\\~_
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1.0 Nal SEV (from 122 keV line)
—— Fit

Amplitude [V]

AmBe neutron source
26.0 hours of data

— events due to inelastic scattering

Quenching factors
10 keV: Na=0.2
50keV:Na=0.25 QFI=0.09

_________________________________________________________________________

QF 1=0.03

~ proof of particle identification

in @ Nal-based detector

_________________________________________________________________________



OUTLOOK

* hexagonal crystal (65 g/ 110 g)
* lid to host crystal

* Si-beaker for 4m active
surrounding of the crystal

e 8 detector modules per level
* 3levelsin final stage
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PHYSICS REACH

10t g

spin-independent scattering

T T T T
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falling recoil spectrum
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Warning:
Not updated for DAMA result with lkeVee !!

2..

22 24

required exposure [kg days]

F. Kahlhéfer, KS et al., JCAP 1805 (2018) no.05, 074

COSINUS - 11 (2023-2026)

{ exclude or confirm nuclear recaoil
origin of DAMA:

e independent of DM halo |
e for any interaction of DM with nuclei

9
..............................................................................................

_______________

Investigate annual modulation
signature with COSINUS
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Start first
TIME LINE Y i

‘ First physics
results
COSINUS facility
construction

COSINUS

commissioning phase
+ cryogenic facility

Final detector design
+ production
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Dark matter is a fundamental question of present-day physics and COSINUS can
confirm or reject the DAMA/LIBRA claim

COSINUS developed the first Nal dark matter detector with particle discrimination and
offers better sensitivity at smaller target mass (~1kg for COSINUS vs. 250 kg for DAMA)

The remoTES readout design allowed to produce first Nal calorimeter that achieved the
performance goal (E;, < 2keV);
remoTES also of interest for other delicate targets and applications

COSINUS is constructing full steam a unigue and modern low-background cryogenic
facility at the Gran Sasso underground lab; first data taking is scheduled to start early
2024 |

Stay tuned, promising potential for new discoveries in the coming years |

| e T P o, W
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EXTRA MATERIAL
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RATE vs. MODULATION AMPLITUDE

F. Kahlhofer, KS et al., JCAP 1805 (2018) no.05, 074

-~ S~

Central idea: modulation amplitfude
cannot be larger than (average) absolute rate:

R >3
COSINUS
Mean rate R = % [R(f = June 15" ) + R(t = Dec. 1]
DAMA

Modulation Amplitude  S= = [R(t = June 1s") = R(t = Dec. 15 )]

N

- low background condition makes it possible 1o test DAMA
in a single annual cycle
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SIMULATED DATA FOR 100 kg dCIYS (gross-exposure)

DAMA/LIBRA Na (30) =——— COSINE-1002018 -eceee- COSINUS Threshold: 2keV

DAMA/LIBRA | (3c) |l COSINUS Projection (1o) COSINUS Threshold: 4keV

’ 9K contribution (600pBq) and flat background 1count/(keV kg d) —— NAIAD2005 ~  -=eeee- COSINUS Threshold: 1keV == -=-- COSINUS Threshold: 6keV
o - I =~ 102%¢ : 510°%

— n
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e C = 4
[ = = x
}-' . . Q 10 B ] —46 g
: Dark matter events from simulation ovre . 5 10
-0.4 = Coherent Neutrino Scattering on Nal 3
I | I T llllllllill 10_11 1 |||||||| 0_47
10 20 30 40 50 60 70 1 2 3 4 5678910 20 30 4050 10(]
Energy (keV) Dark Matter Particle Mass (GeV/c?)
LIGHT SIGNAL FEur. Phys. J. C (2016) 76:441
DOI 10.1140/epjc/s10052-016-4278-3
LIGHT YIELD =
HEAT SIGNAL
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RESOLUTIONS

60 W simulated, phonon I simulated, light
— fito=441+11eV 25 - fitc=988 £ 52 eV
50
20
40
£ £ 15
3 30 3
o O
10
20
10 5
0 - - 0 I I
112 114 116 118 120 122 100 102 104 106 108 110 112
OF Amplitude (keV) OF Amplitude (keV)
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ENERGY CALIBRATION

700 ] ] 500
B bck, phonon

—— fit, e =0.0307 V

bck, light |
—— fit, g =0.0758 V
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TRIANGLE UNIVERSITIES NUCLEAR LABORATORY
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