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The SuperCDMS SNOLAB experiment

Slide content thanks to Prisca Cushman
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The SNOBOX, towers, and detectors

Slide content thanks to Prisca Cushman

HEMT: amplifier for
IZIP charge channels
(4K stage)

SQUID: TES-based
(Transition Edge

Sensor) readout

Detectors:

(1K stage)
Si (0.61 kg) or
Ge (1.39 kq)
Signal:
phonons and Detectors are kept at
charge the MC stage (base
temperature ~15 mK)
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Sensitivity to DM-nucleon scattering

* SUPER

CDMS

c Dark Matter Sea

Slide content thanks to Prisca Cushman

Initial SNOLAB payload
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SuperCDMS SNOLAB: first pulses Jan 15, 2026 !

* SUPER

CDMS

Cryogenic Dark Matter Search
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Slide content thanks to Aditi Prdeep
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The CRESST-lll standard detector design CRESST

Slide content thanks to Francesca Pucci, Anna Bertolini
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Multiple passive shielding layers
CRESST Collaboration, Phys. Rev. D 100, 102002 (2019)
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A dedicated low-threshold detector CRESST

Slide content thanks to Francesca Pucci, Anna Bertolini

Al2Os3 crystal as main absorber 2x2x1 cm?3
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CRESST Collaboration, Phys. Rev. D 110, 083038 (2024)
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The DoubleTES detectors CRESST

Slide content thanks to Francesca Pucci, Anna Bertolini

( )
CaWO4 or SOS as main absorber Signal: phonons and light - \\ ] b // -
If CaWO4 : additional SOS wafer as light detector CJJ 8 s w wmy
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Multiple passive shielding layers
F. Pucci, et al., Eur.Phys.J.C 84 (2024) 10
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The DoubleTES detectors

1
CRESST
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Slide content thanks to Francesca Pucci, Anna Bertolini
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CRESST is getting ready to take DM data!
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CRESST-Ill results and outlook

1
CRESST

3

Slide content thanks to Francesca Pucci
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The COSINUS experiment at LNGS S

Slide content thanks to Florian Reindl,
Karoline Schaffner

water tank as active muon veto

custom-made dry dilution refrigerator
— I mK

48 channel SQUID-based readout
clean room

control building

Cryogenic
low-background facility

COSINUS Collaboration, EPJ C 82, (2022)
COSINUS Collaboration, EPJ C 84, (2024)
COSINUS Collaboration, Nature Comm., (2026)
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The detector modules m

Slide content thanks to Florian Reindl, Karoline Schaffner

Signal: phonons and light

Si-beaker for 41T around the crystal

Au-wire

34 g Nal (undoped), 21x21x21 mm3 Aupad N\ - Adport

Wafer

TES
Thermal link

to heat bath

Silicon beaker TES

"<«— Cu holder

Spring finger contacts

Shunt resistor Delrin tip
Si beaker
Cu-Kapton-Cu PCB ———> Nal crystal
Cu holder
Au pad
Epoxy spot
A 5 .
remoTES wafer Silid COSINUS Collaboration, NIM A1045 167532

COSINUS Collaboration, arXiv:2507.02429 (2025)
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The detector modules m

Slide content thanks to Florian Reindl, Karoline Schaffner

Signal: phonons and light

Si-beaker for 41T around the crystal

34 g Nal (undoped), 21x21x21 mm3

Silicon beaker TES

"<«— Cu holder

Spring finger contacts

Shunt resistor Delrin tip
Si beaker
Cu-Kapton-Cu PCB ———> Nal crystal
Cu holder
Au pad
Epoxy spot
A 5 .
remoTES wafer Silid COSINUS Collaboration, NIM A1045 167532

COSINUS Collaboration, arXiv:2507.02429 (2025)
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The “cold” DAMA-check N

Slide content thanks to Florian Reindl, Karoline Schaffner

Signal: phonons and light

Si-beaker for 41T around the crystal 25
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T » . COSINUS Collaboration, PRD 110, 043010, 2024
remoTES wafer Silid COSINUS Collaboration, NIM A1045 167532

COSINUS Collaboration, arXiv:2507.02429 (2025)
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The “cold” DAMA-check A aGs

COSINUS

Slide content thanks to Florian Reindl,

Karoline Schaffner Required total rate to probe DAMA in a halo-independent way
(no modulation measurement)
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DM-nucleon scattering: results and sensitvity

Slide content thanks to Florian Reindl

| - DAMA /LIBRA compatible islands (3 o)
-===: COSINUS 2024, ROI (11.6 gd)

—— (COSINUS 2024, acceptance region (11.6 gd)
—e— (COSINE-100 2021 (35.7 td)

Projections:

—-— 1 detector, 1 year (9.7 kgd)
===: 100 kgd, different Fip,
&= Respective PLR bands (3 0)

SI DM-nucleon cross section (pb)
SI DM-nucleon cross section (cm?)

10° i101 B iiiiili(l)2 o 103
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COSINUS Collaboration, arXiv:2507.02429 (2025)
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The BULLKID-DM experiment at LNGS

BULLKID

Slide content thanks to Marco Vignati
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The phonon detector array

BULLKID

Slide content thanks to Marco Vignati, Matteo Folcarelli

Target
Monolithic arrays of
5 mm cubes of Si
60 detectors in 1

Phonon sensors

multiplexed MKIDs

(Microwave Kinetic Inductance
Detectors)
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The phonon detector array

Y

BULLKID

Slide content thanks to Marco Vignati, Matteo Folcarelli
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From prototype to experiment

Slide content thanks to Marco Vignati, Matteo Folcarelli

25

BULLKID

BULLKID BULLKID-DM | BULLKID-DM

Prototype Demonstrator Experiment Prototype | Demonstrator | Experiment
mass [Jg] 20 60 800
# of sensors 60 180 2300
threshold [eV]| 160 200 < 200
laboratory Sapienza |Sapienza| LNGS LNGS
" installation | 2023 |2024-26 2026 2027 -
bkg [d.r.u] 2x106 7x104 ~104 1-0.01

We are here!
Prototype Demonstrator

Experiment

Bkg. Run with
mild shield

Demonstrator
@ LNGS

D. Delicato et al, Eur. Phys. J. C 84 (2024) 353
M. Folcarelli et al, Eur. Phys. J. C 86 (2026) 301
D. Delicato et al, arXiv:2605.02468
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Sensitivity to DM-nucleon scattering

Y

BULLKID

Slide content thanks to Marco Vignati
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M. Folcarelli, et al, arXiv:2601.13766 (2026)
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The TESSERACT infrastructure

TESSERACT

Slide content thanks to Dan McKinsey

Designed for flexibility and straightforward detector replacement
2 identical setups, each to be installed in a deep underground laboratory = 2 simultaneous DM searches!

Common infrastructure (shielding, cryostat, dilution refrigerator, vibrational decoupler, cold electronics, DAQ)

Dilution
Refrigerator:
1.5 Warm Shielding
+ Rollers/Rails:
Cryogenic 1.6

m

Canisters: \
1.5 | "

Vibration
Decoupler:

“’-—— = 7 1.5

Drive System
& OVC: T R
1.6 . = R =

Detector Payloads:
1.2,1.3,14
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The three ingredients to success
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TESSERACT

Slide content thanks to Dan McKinsey
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World-leading,
background-reduced

TES-based sensors
(QETS)

Resolution:
361.5 * .4 meV from
photon source

Optimized, complementary
dark matter targets/modules

laboratoire Souterrain de Modane

Long-term,
low-background,
underground searches
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The three ingredients to success

Slide content thanks to Dan McKinsey

TESSERACT

This talk: Ge/Si and LHe targets

| o | | '
! = =2\= =\ 1 : |
' | atoms ' ! I
| ==== | ' !
. ; L > » | . |
. ; , |
: phonons phonons : : i
l Z/ oo-.' I l :
| i |
: [e/h / y ! , :
| GelSi \ LHe | | |
: \:: _._:*-___. .__..\ : : laboratoire Sovuterrain de Modane :

World-leading,
background-reduced

TES-based sensors
(QETS) underground searches

Long-term,

Optimized, complementary low-background

dark matter targets/modules

Resolution:
361.5 * .4 meV from
photon source
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Germanium target

31

TESSERACT

Slide content thanks to Dan McKinsey

Based on EDELWEISS and Ricochet expertise

NbSi - TES

™

Ge crystal

Al layer

\ (biased at V) JERNRRRRARRRNNNRERE |

Signal: phonons and charge

For TESSERACT :

p.ﬁc'mon.s

Si/Ge

Counts

7000

6000 —

9000 —

4000 —

3000 —

2000 —

1000 —

Oq

¥,

Laser calibrétion (1650nm)

Ge bias = 50V

ﬂ baseline = 0.096
5 pic1e- = 0.11
pic2e- = 013

Resolution (electrons rms)

JCLab §
Cryosel:Ge 16:

Preliminary

I l i I l i

P

High control of IR backgrounds and charge leakage

96 144 192 240 288 336
TES Amplitude (AU)

First observation of a single-electron sensitivity in a massive (40g) Ge cryogenic detector !

Low-energy excess discrimination down to single e/h pair

Depending on operation mode, exquisite sensitivity to either DM-e or DM-n scattering

384
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Silicon target

32

TESSERACT
Slide content thanks to Dan McKinsey
T Y T S ol V| e
Si: 1 cm2x 1mm, 0.23 g 10-26 I
B gt =L T
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TESSERACT-SI . % b
Exclusion N
1036 ' ] :
. 1 2 3
Especially low energy thresholds 10 10 10
. 2
(361.5 meV photon resolution) mylMeV/c”]

= 0.23 g x 12 hours enough to probe new DM parameter space

Same detector type will be used for one
of the readout pixels for the LHe detector

TESSERACT Collaboration, Phys. Rev. Lett. 135, 161002 (2025)
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Superfluid helium-4 target

TESSERACT

33

Slide content thanks to Dan McKinsey

Prototype "HeRALD v0.1”"
detector (~ 10 g)

Heat-free He film-blocking
via unoxidized Cs film

Signal:

Helium MC Signal Heater Cs Leads and
Port Heat-Sink Feedthrough Feedthrough
— |
= I_I |_\_n_| =
Cs Dispensers —» |
1

Dry Cu Baffles >

" " ’I || [ “Wet Cu Baffles
Stainless Dry
Steel Sensor
Platform |||
' Sensor
Sensor = ———=® " Clamp
Wet
Target “H |
WetCu | Target‘He  [d
MC
Heat-Sink 55Fe + Al Source Dry
l 5cm
[ ]

[

phonons/rotons and light

TESSERACT Collaboration, Phys.Rev.D 110 (2024) 7, 072006
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Superfluid helium-4 target

TESSERACT
Slide content thanks to Dan McKinsey
le—6 22Cf Dataset: Selected Waveforms
1.0 - Prompt Scmtlllatlon \
Successful measurement of quantum - NR: Enhanced
evaporation signal / Evaporation
The different signals arrive at different times 0.8 1 \ \
d
= Pulse shape discrimination . ', ?
=1 A\
— 0.6 1 ' \
§ L\ NR: Enhanced
- \. Triplets
v 0.4 1
0.2 1
Signal: 0.0
phonons/rotons and light -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
time (ms)

TESSERACT Collaboration, Phys.Rev.D 110 (2024) 7, 072006
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TESSERACT

Slide content thanks to Dan McKinsey

Preliminary

Schedule e (1 _~ -

Project planning stage:
FY2020 - FY2025 (completed)

Project phase:
FY2025 - FY2028 (current)

Operations phase:
FY2029-FY2031

—y of

Moving to the Modane underground lab in 2028 for low-background searches with TESSERACT!
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Experiments In this talk
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2 Anna Bertolini
3 Jun 2026, 15:15

® 15m
Q@ Pedro Cerbuna

2 Francesco Toschi I

3 Jun 2026, 16:20
® 20m
Q@ Aula Magna

14 DULs in operation or under construction
A large almost worldwide distributed infrastructure

Thanks to:
Ezio Previtali

Julie Puputti
Jules Gascon
Carlos Pena Garay

Credit: Sean Paling
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The DELight experiment (Phase-l)

OE g

Still 700 mK

Dilution unit 1

Dilution unit 2

Still Mixing
700 mK chamber
L Film burner 10 mK

Condenser
Heated/ baffles

V

200 — 300 mK
"\ Filmflow restriction

Heat flush
purifier

/ Fill line

Superfluid valve

/

pa

Mixing
chamber
<100 mK
Superfluid Helium Cell
. | |

3 }'

Per

_ MMC-based

He Atom

Superfluid helium

Phonon / Roton
Excimer

Photon
I

MMC-based
LAMCAL

10 mK

LAMCAL

— |Level meter

Thermal link to
mixing chamber

Phase-| detector (~ 150 g)

He film-blocking via film burner

Signal:

phonons/rotons and light
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Instrumentation with large-area wafer calorimeters

OE g

21 liter superfluid 4He

selectable

56 LAMCALs
(37 In top-array, 19 in bottom-array)

7

LAMCAL.: Large-Area

cryogenic MicroCALorimeters
based on MMC-technology - ca.30cm —

(Magnetic MicroCalorimeter)
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Event reconstruction

OE g

DELight Simulation DELight Simulation
£ _ 500 MeV DM

m —— Quasiparticles
—— Prompt photons

ADC)

100 _g 800 —— Delayed photons
> = —— Total
o0/ = —5_ 600
3 = NR @ 1 keV
of 110'y <
2 400}
-50 ¢ E
S
-100} 200r
-150+ 0 ,
-150 -100 -50 0 50 100 150 0 1'0 2'0 3'0 4'0 5'0 60

X ( ) .
o Time (ms)

Combining hit pattern and pulse shape information for event reconstruction and background discrimination
Expected threshold per LAMCAL ~ 5 eV

Expected nuclear recoil energy threshold at 20 eV

DEL.ight Collaboration, Phys.Rev.D 111 (2025) 3, 032013
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Sensitivity to DM-nucleon scattering

OE g

Phase-l (ca. 4 years -~ 1073 .
( d ) b= 1 == w== » DELight goal Phase 1
1 kged exposure = — .\ = = = = » DELight goal Phase 2
20 eV threshold o o | CRESST-IIl 2024
e
8 1038 e \ - '
g *  \ 20eVlkgd -
Phase-ll (> 4 years) = ¢ N
S 10740} g
100 kged exposure - ' DAMIC 2020
g p o ' — aogkq‘d. ] 0T cressTHl 2019
10 eV threshold 10-42} "
DarkSide-50 2023
-44 |
Schedule 10
Phase-| has just started 10-46 XENONNT 2025
Cryostat has been ordered \ 172005 _—
: : 10748 He v Floor
Currently in design and
development phase 1050

102 1071 100 10! 102 103
DM Mass (GeV)
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Experiments In this talk
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Location TBC
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i i - Thanks to:
14 DULs in operation or under construction E2lo Previtol
A large almost worldwide distributed infrastructure Julie Puputti
i ; Jules Gascon

Carlos Pena Garay

Credit: Sean Paling
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The QROCODILE experiment

Slide content thanks to Laura Baudis, Chiara Capelli

10x10 mmZ2 chip size, 1.67 ng

600x600 ym2 active area with 1 ym wire width
25% filling factor

WSi 45:55 superconducting layer 2 nm thick
Transition temperature at 1.73 K

Si/SiO2 substrate

]2nm SiO, : i .

][2nm WSi (detector layer) | *;i 2

150 nm SiO»
T .5 "5

380 um Si :

I. Esmaeil Zadeh, et al., Appl. Phys. Lett. 118, 190502 (2021)
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SNSPD working principle

Slide content thanks to Laura Baudis, Chiara Capelli

Superconducting Nanowire Single-Photon Detectors

— . Bias current | <c
| i
/’% \
7~ 5 ——
% Vi // i = %
Superconductivity / \ Photon absorption
recovered { )

V ’“t e
.= O=.
Resistive barrier \ / Hotspot
High current density

Enlarged hotspot

I. Esmaeil Zadeh, et al., Appl. Phys. Lett. 118, 190502 (2021)

Rhs

Amplifier
Readout
% R B

3
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results and projections

First DM search

44

Slide content thanks to Laura Baudis

Plans

Scale-up SNSPDs’
detector mass with areas
of ~ cm2 and beyond

Extend energy threshold
to fundamental limit

Understand and reduce
backgrounds

Electronic scattering (light mediator)

Terrestrial

10~1

10Y

101 10~

Nuclear scattering (light mediator)

1 1 | 1 1 | 1 1 | 1 1 | 1

Migdal

10"

10

mpwm [MeV]

)
107

102

Electronic scattering (heavy mediator)

Terrestrial

1 1 | 1 1 | 1 1 | 1 1 | 1 1 |

Elastic

10 10? 107

mpn [MeV]

10"

L. Baudis et al., PRL 135 (2025) 8

QROCODILE constraint
QROCODILE

directional sensitivity

Previous SNSPD constraint
Future projection:

background characterization only

Future projection:
directional sensitivity

- Future projection:

background-free

Run at surface

98% detection efficiency
at 1.55 um (0.8 eV)

15 countsin~ 16 d



The low-energy excess
(LEE)
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The low-energy excess at its beginning
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The EXCESS Workshop

15-17 June 2021 T Online

Participant List
139 participants

13 talks by 10 collaborations:
CONNIE
CRESST
DAMIC
EDELWEISS
MINER
NEWS-G
NUCLEUS
RICOCHET
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Chairs:

Alexander Fuss

Advisory Board:

Belina von Krosigk
(SuperCDMS)

Dan Baxter (DAMIC)
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Guillaume Giroux (NEWS-G)
Guillermo Fernandez Moroni
(CONNIE/Skipper-CCD)
Jules Gascon (EDELWEISS)
Julien Billard (RICOCHET)

Felix Wagner

A. Fuss, M. Kaznacheeva, F. Reindl, F. Wagner, et al., SciPost Phys. Proc. 9, 001 (2022)
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Low energy sensors and quantum devices

Superconducting U . Transition Edge Sensor

Nanowire Single- [! . Microwave Kinetic
Photon Detector [ Inductance Detector

— [}=
Photon

Superconducting Qubit

Charge Coupled Device
f_-—ﬂ

i e - / \ Metallic Film
—
Magnetic Microcalorimeter

Particle

Substrate

Credit: F. Wagner, M. Kaznacheeva
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The EXCESS Workshop

EXCESS 2021
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EXCESS@IDM 2026

C | E NC I

e ’ @ 3 — . G s il

Thanks again to our

local organizers!!

Maria Martinez Pérez lvan Coarasa

https://indico.cern.ch/event/1644935
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EXCESS@IDM 2026
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DarkQuantum
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Nordlund Lab
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EXCESS@IDM 2026: cryogenic crystal detectors
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EXCESS@IDM 2026: cryogenic crystal detectors
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EXCESS@IDM 2026: defects and calibration
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EXCESS@IDM 2026: qubit based sensors
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EXCESS@IDM 2026: microwave and liquid detectors
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EXCESS@IDM 2026: gas detectors

Corrected, normalised event rate after alphas vs time difference, semi-log
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The low-energy excessés - a community effort
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The sub-GeV parameter space

thermal production, new mediator  electroweak mass scale
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The low-mass challenge
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WIMP-nucleon cross section

= = = Sensitivity of upcoming experiments

Large target mass and ideally heavy nuclei
(typically liquid noble gas detectors)

WIMP mass

LDM search strategies
Lowering the threshold
Increasing the recoll energy

Exploiting alternate
Interaction channels



