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Possible dark matter detection channels
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Direct dark matter detection techniques T e
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Direct dark matter detection techniques T
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Direct detection dark matter experiments
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How to compare results?

107 When you do not see any DM signal
107
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How to compare results? S s

10—32
When you see a DM signal
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Status of direct dark matter search T e

Astroparticle Physics European Consortium APPEC, v1.02
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Status of direct dark matter search Ao

Astroparticle Physics European Consortium APPEC, v1.02
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Annual modulation of dark matter

WIMP Wind
it

December
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Annual modulation of dark matter

© https://www.quantamagazine.org/trouble-detected-in-infamous-dark-matter-signal-20180412
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The DAMA /LIBRA signal T

0.06

DAMA/LIBRA-phaseél (1.04 toaxyr)—————> I <—— DAMA/LIBRA-phase2 (1,53 tonxyr)
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| 1
o 9
o o
» N

nRR ! : , B Bernabel et al. PoS(EPS -HEP2021)154)
o r e i s 8 r 2 4 il ¥ 4 | o e g 5 " Pl oL H | E o 5 g & 5 =t B N |
—~0.0s 4000 5000 6000 7000 8000 9000
Time (day)

e Total exposure: 2.86 tonne years
® Statistical significance: ~13.7 o
® Over 25 years of data

® Period and phase match with DM expectation

® No convincing non-DM explanation
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Decade long tension!! S s

Astroparticle Physics European Consortium APPEC, v1.02
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Decade long tension!! 7 s
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WIMP mass [GeV/c?]
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Decade long tension!!
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, Next-generation Underground Searches (COSINUS)
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aims to validate DAMA/LIBRA with a
model-independent test: Felix Kahlhoefer, FR, et al
[CAP05(2018)074
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Nal based direct detection DM experiments
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superheated liquids
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Nal based direct detection DM experiments

Only Nal based experiment with
dual channel readout and hence

AR e PICO
event discrimination feature '
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Cryogenic detector S s
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Phonon signal
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Cryogenic detector: TES

COSINUS

| Heat Bath @10 mK|

— Phonon signal
[e]
E
8
I
(7] i= | AE
' C
|
ot |
-——— 10 AT Temperature (mK) 0 0 s 100 150 20 250
/ Time (ms)
Q ,
5 Absorber

@ Transition edge sensor (TES) can detect very small rise in temperature due to small energy deposition
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But Nal is not so Nalce

Aliwirs ® Direct deposition of TES on Nal
- Au-pad
Au-pad \ P is non-trivial
- ® Firstidea of remoTES: M. Pyle et
al. in 2015 arXiv:1503.01200
. ® First successful operation of the
Wafer . , :
TES | working design of remoTES by
Thermal link COSINUS:
to heat bath ' https://arxiv.org/abs/2111.00349

_________________________________________________________________________
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Phonon detector: Nal + remoTES Ao

___________________________________________

to heat bath

: Au-wire : @ Phonon signal is readout by Nal + TES, independent of particle type
' Au-pad Au-pad '

; @ precise measurement of the deposited energy

: > A

i J Wafer |

| | TES !

| Thermal link |

Phonon detecto
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Light detector: Si + TES 7 s

Phonon signal is readout by Nal + TES, independent of particle type

___________________________________________

@ precise measurement of the deposited energy

, o Scintillation light signal is readout by Si + TES, depends on particle
: s : type
! J Wafer !

TES C
ada Thermal link ® Dual channel read-out enables event discrimination
‘2}‘; to heat bath
et
J : Absorber

Phonon detector light detector

S0 %0 00 150 00 20
Time (ms)
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The COSINUS detector

Phonon signal is readout by Nal + TES, independent of particle type

___________________________________________

@ precise measurement of the deposited energy

, o Scintillation light signal is readout by Si + TES, depends on particle
i J Wafer i type
® Dual channel read-out enables event discrimination

Thermal link
to heat bath

Phonon detector light detector

00100 100 w20
Time (ms)
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Signal to background discrimination

20
Simulated background
Simulated DM spectrum
@ 15{ |  COSINUS 1keV threshold
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Signal to background discrimination S ais

20
Simulated background
Simulated DM spectrum
@ 15{ |  COSINUS 1keV threshold
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Signal to background discrimination S ais

Light Energy
Light Yield =
20 Phonon Energy
Simulated background
Simulated DM spectrum “OK contribution (600uBq) and flat background 1count/(keV kg d)
g -} PRI
151 |  COSINUS 1keV threshold £
: =
=2
-
10

Na-recoils

DAMA/LJIBRA-phase2|energy threshold

Light energy (keVee)

I-recoils

60 70
Energy (keV)
© G.Angloher et al. - Eur.Phys.J. C, 82(3), 248(2022), doi:
10.1140/epjc/s10052-022-10184-5
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Physics reach of COSINUS 1n S oais

DAMA/LIBRA Na (35) ——— COSINE-100 2018 COSINUS Threshold: 2keV

DAMAV/LIBRA | (30) [ COSINUS Projection (1o) COSINUS Threshold: 4keV
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Coherent Neutrino Scattering on Nal 3
1 0-11 1 1 1 Lo 0-47
1 2 3 4 5678910 20 30 4050 10d
Dark Matter Particle Mass (GeV/c?) Eur. Phys. J. C (2016) 76:441 DOI

10.1140/epjc/s10052-016-4278-3
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Event discrimination with Nal remoTES T e

Background data

1.4 bck —— electron band
—— gamma band

12 @

1.0 Fd

08 Ly e e ey T T

06 //

Light yield (a.u.)
o
~

20 40 60 80 100 120 140

Recoil energy (keV)

e Underground run in June 2022 @ LNGS, ltaly
e (Calibration done with 57Co and 55Fe sources
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Event discrimination with Nal remoTES Ao

Background data Neutron calibration data

1.4 bck —— electron band 1.4 ncal

electron band

—— gamma band inelastic band gamma band
1.2
1.0
. —~ 08 by oL e e e N Saa P
S 3 3
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=, =, 0.4
= =
kel 0.2 ke 0.2
3 4
0.0 0.0
-0.2 -0.2
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e Underground run in June 2022 @ LNGS, Italy
e Calibration done with 57Co and 55Fe sources
e Best achieved threshold with remoTES in underground run: < 2 keV
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Experimental setup @ LNGS, Italy e
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Experimental setup @ LNGS, Italy S s

BOREXINO | DarkSide | SABRE

\.,QGtan Sasso
\ R
v >
N 2
N i«

LEGEND-200 ' cecer cupip

CUORE

LNGS: Laboratori Nazionali del Gran Sasso
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Experimental setup @ LNGS, Italy S s

I 5 i
i o QGtan Sasso maM‘
o ;

o y o ~|

LEGEND-200 ¢

CRESST CUPID

LNGS: Laboratori Nazionali del Gran Sasso
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Experimental setup @ LNGS, Italy S s

wwogse

Cu shields

L—2 x 12 detector modules
(COSINUS-1n)

3500mm

I 5 P
1 \,,QGtan Sasso mag!!'

Wwoo0Z

7000mm
_________________________ 1

LNGS: Laboratori Nazionali del Gran Sasso
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Experimental setup @ LNGS, Italy 7 s

______________________ Sp_—
Servicing Level _ — = =

wwogse

Wwoo0Z

LNGS: Laboratori Nazionali del Gran Sasso
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Experimental setup @ LNGS, Italy S e

wwogse

I P
1 - QGtan Sasso mag!! !IIII

BOREXINO | DarkSide /| SABRE

LUNA MV . . . it o
in future e e I et

LEGEND-200 ¢

CRESST CUPID
CUORE

LNGS: Laboratori Nazionali del Gran Sasso
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Experimental setup @ LNGS, Italy S s

I P
1 \,,QGtan Sasso mag!!'

BOREXINO | DarkSide /| SABRE

LUNA MV
in future

CRESST CUPID
CUORE

LEGEND-200 ¢

LNGS: Laboratori Nazionali del Gran Sasso
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COSINUS 17 time schedule T e

‘ Ready for data taking

’ First dark matter result

2021 | 2022 | 2023 | 2024 | |

Facility
+
Detector

Measurement Tmm)k >
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The COSINUS collaboration /\/\
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Laboratori Nazionali del Gran Sasso




 COsINUS

Thank You!
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Quenching factor mystery S s

e QF =The ratio of the scintillation Reported Quenching factor values for Na recoils
light produced by nuclear recoil

< 40—
and electron recoil 2 -
e =
e NRenergy scale depends on QF £ a0 i } i
e Measurement of QF of Nal do S 25F- S
not agree, especially in the low 20— ) : +ﬂ . ¢ ' ¢
. E | .
energy region e | : o ¢ L _
= = DAMA (1996)
e QF measurement at room - Chagee 2009
. = Xu (2015)
temperature required i S o
= { ANAIS-112 (2021)
e COSINUS would provide the first B ittt s iidbithcsoonalio i i it Tondlsotionbusdhtuns
. 10 20 30 40 50 60 70
Cryogenlc measurement Of Energy (keVnr)

quenching factor
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Quenching factor measurement S s

' I U N L QF estimation (Na recoils)

e Room temperature

measurement TRIANGLE UNIVERSITIES NUCLEAR LABORATORY S oy

. ‘L i - = o= 7 . % ¢ (éz:::i

e Aim: study the effect of Tl 7 Niras. |8 1
dopant on QF ¥ . 3
0.8 _
e Aim: Investigation in the low o
energy region

0.4

e 5radio-pure Nal(Tl) crystals
produced by SICCAS

PRELIMINARY

0.2

e Energy calibration with Am, % 5 0 s
Ba, Cs source and with
neutrons (~1.5 MeV)

25
E_nr (keV)

Preliminary QF analysis result

e Preliminary QF analysis 5 Nal(TI) crystals -~ S
(Manuscript in preparation) produced by OSGICCNS
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