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The SuperCDMS SNOLAB experiment
4

Slide content thanks to Prisca Cushman
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The SNOBOX, towers, and detectors
5

Slide content thanks to Prisca Cushman

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

SQUID: TES-based 
(Transition Edge 
Sensor) readout  
(1K stage)

Detectors are kept at 
the MC stage (base 
temperature ~15 mK)

Detectors:     
Si (0.61 kg) or 
Ge (1.39 kg)

Signal: 
phonons and 
charge
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Sensitivity to DM-nucleon scattering
6

Slide content thanks to Prisca Cushman

HV

iZIP

SuperCDMS Collaboration, Snowmass 2021, arXiv:2203.08463 
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SuperCDMS SNOLAB: first pulses Jan 15, 2026 !
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Slide content thanks to Aditi Prdeep
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The CRESST-III standard detector design
9

Slide content thanks to Francesca Pucci, Anna Bertolini

CaWO4 crystal as main absorber 2x2x1 cm3 

Silicon-on-Sapphire (SOS) wafer as light detector  

Both equipped with TESs

Signal: phonons and light

CRESST Collaboration, Phys. Rev. D 100, 102002 (2019)
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A dedicated low-threshold detector
10

Slide content thanks to Francesca Pucci, Anna Bertolini

Al2O3 crystal as main absorber 2x2x1 cm3 

Silicon-on-Sapphire (SOS) wafer for DM search  

Both equipped with TESs

CRESST Collaboration, Phys. Rev. D 110, 083038 (2024)

Signal: phonons and light
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The DoubleTES detectors
11

Slide content thanks to Francesca Pucci, Anna Bertolini

CaWO4 or SOS as main absorber 

If CaWO4 : additional SOS wafer as light detector  

If SOS      : stack of 4 wafers 

Absorbers equipped with 2 TESs

F. Pucci, et al., Eur.Phys.J.C 84 (2024) 10

Signal: phonons and light
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The DoubleTES detectors
12

Slide content thanks to Francesca Pucci, Anna Bertolini

F. Pucci, et al., Eur.Phys.J.C 84 (2024) 10

Reduced threshold motivates first blind data taking 
with DoubleTES modules 

CRESST is getting ready to take DM data!
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CRESST-III results and outlook
13

Slide content thanks to Francesca Pucci

CRESST Collaboration, Commun Phys 9, 163 (2026)

Current payload

1 SOS wafer stack (4 x 0.6 g)

5 CaWO4 DoubleTESs (à 24 g)
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The COSINUS experiment at LNGS
15

Slide content thanks to Florian Reindl, 
Karoline Schäffner

water tank as active muon veto  

custom-made dry dilution refrigerator 
→ 9 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
16

Signal: phonons and light
Slide content thanks to Florian Reindl, Karoline Schäffner

Si-beaker for 4π around the crystal 

34 g NaI (undoped), 21x21x21 mm3

COSINUS Collaboration, NIM A1045 167532  
COSINUS Collaboration, arXiv:2507.02429 (2025)
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The detector modules
17

Signal: phonons and light
Slide content thanks to Florian Reindl, Karoline Schäffner

COSINUS Collaboration, NIM A1045 167532  
COSINUS Collaboration, arXiv:2507.02429 (2025)

Si-beaker for 4π around the crystal 

34 g NaI (undoped), 21x21x21 mm3
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The “cold” DAMA-check
18

Signal: phonons and light
Slide content thanks to Florian Reindl, Karoline Schäffner

COSINUS Collaboration, NIM A1045 167532  
COSINUS Collaboration, arXiv:2507.02429 (2025)

Si-beaker for 4π around the crystal 

34 g NaI (undoped), 21x21x21 mm3

COSINUS Collaboration, PRD 110, 043010, 2024

σ(NaI) = (0.441±0.011) keV 
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The “cold” DAMA-check
19

F. Kahlhoefer, F. Reindl, K. Schäffner, K. Schmidt-Hoberg, S. Wild, JCAP 1805 (2018) 5, 074

Required total rate to probe DAMA in a halo-independent way 
(no modulation measurement)

8 detector modules 

~34 g NaI

24 detector modules 

(30 – 100) g NaI

Slide content thanks to Florian Reindl, 
Karoline Schäffner

Run 1: 2026-2027 Run 2: > 2027
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DM-nucleon scattering: results and sensitvity
20

Slide content thanks to Florian Reindl

COSINUS Collaboration, arXiv:2507.02429 (2025)
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The BULLKID-DM experiment at LNGS
22

Slide content thanks to Marco Vignati

total target 
800 g Si

Lead

PE
Copper

The Sketch design

CRYOSHIELD PROJECT - DANIELE PASCIUTO

Main characteristics:
◦ Starting Material: B410 x 1.440mm Billet NOSV Copper 
◦ 3 main components (Lid, Pot, Interface Plate)
◦ Inside:

◦ Ultra-Pure copper shield
◦ 16 Module BullKID Detector

◦ Outside:
◦ B4C Shield

◦ Connected to the mixing chamber (mechanically and thermally)

Lid

Pot

IP
Copper shield

BULLKID-DM payload

Cryo-Platform facility

Lead

Copper

Projected sensitivity to light WIMP-like particles of the BULLKID-DM experiment Matteo Folcarelli

1. Prototype 2. Demonstrator 3. Experiment
mass 20 g 60 g 800 g
# sensors 60 180 2300
Threshold 160 eV < 200 eV < 200 eV
Bkg rate (DRU) 2 · 106 < 105 → 104 1 ÷ 0.01
Laboratory Sapienza U. Sapienza U. LNGS LNGS
Period 2023 2024 - 2025 2026 2027 -

Figure 1: Di!erent stages of the BULLKID-DM road-map. From the left: the prototype, a 3↑↑ diameter,
5 mm thick silicon wafer; the demonstrator, consisting of a stack of 3 prototypes; the final detector design
consisting of a stack of 16 wafers of 100 mm each.

3. Installation of the final experiment at the cryo-platform, with the target background rate below
1 DRU, possibly down to 10↓2 DRU, and an energy threshold better than 200 eV, in 2027.

Currently the collaboration is working on the second technological step and has proved that the
same detector response is obtained for bulk and surface events [8]. In parallel, e!orts are ongoing
to port the BULLKID technology to a germanium substrate [9], so that the final experiment could
employ both elements, providing a stronger validation in the case that a DM signal were observed.

The strategy of the collaboration to achieve the low background rate required relies on the com-
bined use of shielding materials and veto systems. The shielding will include a room-temperature
three-layers component of roman lead, high-purity copper, and polyethylene surrounding the cryo-
stat, as well as cryogenic case of ultra-pure copper enclosing the detector and thermally anchored
to the mixing-chamber plate of the cryostat. In addition, the active volume of the experiment will
be capable of tagging events producing multiple hits within the detector itself, thereby rejecting
events that are highly unlikely to originate from DM interactions. The outer silicon dice in the active
volume will also define the fiducial volume by identifying and excluding interactions occurring near
the boundaries. Finally, the collaboration is developing a cryogenic veto [10] made of a scintillating
material (such as BGO or GAGG), read out by a light-sensitive KID detector, to further enhance
particle-background discrimination.

3
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The phonon detector array
23

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
24

Slide content thanks to Marco Vignati, Matteo Folcarelli

Phonon leakage  
50 % of phonons absorbed 
by the KID

Rest leaks in nearby voxels

Kept Discarded
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From prototype to experiment
25

Slide content thanks to Marco Vignati, Matteo Folcarelli 

BULLKID 
Prototype

BULLKID-DM 
Demonstrator

BULLKID-DM 
Experiment

mass [g] 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

Projected sensitivity to light WIMP-like particles of the BULLKID-DM experiment Matteo Folcarelli

1. Prototype 2. Demonstrator 3. Experiment
mass 20 g 60 g 800 g
# sensors 60 180 2300
Threshold 160 eV < 200 eV < 200 eV
Bkg rate (DRU) 2 · 106 < 105 → 104 1 ÷ 0.01
Laboratory Sapienza U. Sapienza U. LNGS LNGS
Period 2023 2024 - 2025 2026 2027 -

Figure 1: Di!erent stages of the BULLKID-DM road-map. From the left: the prototype, a 3↑↑ diameter,
5 mm thick silicon wafer; the demonstrator, consisting of a stack of 3 prototypes; the final detector design
consisting of a stack of 16 wafers of 100 mm each.

3. Installation of the final experiment at the cryo-platform, with the target background rate below
1 DRU, possibly down to 10↓2 DRU, and an energy threshold better than 200 eV, in 2027.

Currently the collaboration is working on the second technological step and has proved that the
same detector response is obtained for bulk and surface events [8]. In parallel, e!orts are ongoing
to port the BULLKID technology to a germanium substrate [9], so that the final experiment could
employ both elements, providing a stronger validation in the case that a DM signal were observed.

The strategy of the collaboration to achieve the low background rate required relies on the com-
bined use of shielding materials and veto systems. The shielding will include a room-temperature
three-layers component of roman lead, high-purity copper, and polyethylene surrounding the cryo-
stat, as well as cryogenic case of ultra-pure copper enclosing the detector and thermally anchored
to the mixing-chamber plate of the cryostat. In addition, the active volume of the experiment will
be capable of tagging events producing multiple hits within the detector itself, thereby rejecting
events that are highly unlikely to originate from DM interactions. The outer silicon dice in the active
volume will also define the fiducial volume by identifying and excluding interactions occurring near
the boundaries. Finally, the collaboration is developing a cryogenic veto [10] made of a scintillating
material (such as BGO or GAGG), read out by a light-sensitive KID detector, to further enhance
particle-background discrimination.

3

Prototype Demonstrator Experiment

Prototype Demonstrator Experiment

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
26

Slide content thanks to Marco Vignati

Projected sensitivity to light WIMP-like particles of the BULLKID-DM experiment Matteo Folcarelli

Figure 2: Projected sensitivities of BULLKID-DM and of other experiments [12–15] as the 90 % CL on
the mass and the SI cross section of WIMPs with nucleons. The number near the names, when available,
represents the expected conclusion of the experiment considering the exposure required.
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The TESSERACT infrastructure
28

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)
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The three ingredients to success
29

Slide content thanks to Dan McKinsey

World-leading, 
background-reduced 
TES-based sensors 

(QETs) 

Resolution:          
361.5 ± .4 meV from 

photon source

Optimized, complementary 
dark matter targets/modules

Long-term,                 
low-background, 

underground searches
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The three ingredients to success
30

Slide content thanks to Dan McKinsey

Optimized, complementary 
dark matter targets/modules

This talk: Ge/Si and LHe targets

World-leading, 
background-reduced 
TES-based sensors 

(QETs) 

Resolution:          
361.5 ± .4 meV from 

photon source

Long-term,                 
low-background, 

underground searches
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Germanium target
31

Slide content thanks to Dan McKinsey
Based on EDELWEISS and Ricochet expertise

Signal: phonons and charge

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

For TESSERACT :  

High control of IR backgrounds and charge leakage 

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

Depending on operation mode, exquisite sensitivity to either DM-e or DM-n scattering
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Silicon target
32

Slide content thanks to Dan McKinsey

TESSERACT Collaboration, Phys. Rev. Lett. 135, 161002 (2025)

Especially low energy thresholds                                              
(361.5 meV photon resolution) 

⇒ 0.23 g × 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 

Si: 1 cm2 x 1mm, 0.23 g
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Superfluid helium-4 target
33

Slide content thanks to Dan McKinsey

Signal:  

phonons/rotons and light

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

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

Heat-free He film-blocking 
via unoxidized Cs film
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Superfluid helium-4 target
34

Slide content thanks to Dan McKinsey

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

Successful measurement of quantum 
evaporation signal 

The different signals arrive at different times 

⇒ Pulse shape discrimination

Signal:  

phonons/rotons and light
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TESSERACT
35

Schedule 

Project planning stage:             
FY2020 - FY2025 (completed) 

Project phase:                           
FY2025 - FY2028 (current) 

Operations phase:                    
FY2029-FY2031

Slide content thanks to Dan McKinsey

Moving to the Modane underground lab in 2028 for low-background searches with TESSERACT!
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The DELight experiment (Phase-I)
37

Preliminary

Cryostat

Signal:  

phonons/rotons and light

Phase-I detector (~ 150 g)  

He film-blocking via film burner
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Instrumentation with large-area wafer calorimeters
38

ca. 30 cm

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

≥1 liter superfluid 4He 
(≙ 150 g)

selectable

LAMCAL: Large-Area 
cryogenic MicroCALorimeters 

based on MMC-technology 
(Magnetic MicroCalorimeter)

Al2O3
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Event reconstruction
39

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

DELight Collaboration, Phys.Rev.D 111 (2025) 3, 032013
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Sensitivity to DM-nucleon scattering
40

Schedule 

Phase-I has just started 

Cryostat has been ordered 

Currently in design and 
development phase

Phase-I (ca. 4 years)  
1 kg•d exposure 
20 eV threshold

Phase-II (> 4 years)  
100 kg•d exposure 
10 eV threshold
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The QROCODILE experiment
42

Slide content thanks to Laura Baudis, Chiara Capelli

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

10x10 mm2 chip size, 1.67 ng 

600x600 µm2 active area with 1 µm wire width 

25% filling factor 

WSi 45:55 superconducting layer 2 nm thick 

Transition temperature at 1.73 K 

Si/SiO2 substrate
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SNSPD working principle
43

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

Superconducting Nanowire Single-Photon Detectors
Slide content thanks to Laura Baudis, Chiara Capelli
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First DM search results and projections
44

Slide content thanks to Laura Baudis

Run at surface 

98% detection efficiency 
at 1.55 µm (0.8 eV) 

15 counts in ~ 16 d

Plans 

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

Extend energy threshold 
to fundamental limit  

Understand and reduce 
backgrounds 

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



The low-energy excess 
(LEE)
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The low-energy excess at its beginning
46

Observed energy (eV)

SuperCDMS-HVeV

Phys. Rev. D 102, 091101(R)
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The EXCESS Workshop
47

Data to reproduce energy spectra 
measured by various experiments:
https://github.com/fewagner/excess 

A. Fuss, M. Kaznacheeva, F. Reindl, F. Wagner, et al., SciPost Phys. Proc. 9, 001 (2022)

https://github.com/fewagner/excess
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Low energy sensors and quantum devices
48

Credit: F. Wagner, M. Kaznacheeva

Superconducting 
Nanowire Single-
Photon Detector

Magnetic Microcalorimeter
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The EXCESS Workshop
49

6
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EXCESS@IDM 2026
50

Thanks again to our 

local organizers!!

Iván CoarasaMaría Martínez Pérez

https://indico.cern.ch/event/1644935

https://indico.cern.ch/event/1644935
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EXCESS@IDM 2026
51

TESSERACT

TREX-DM
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EXCESS@IDM 2026: cryogenic crystal detectors
52

Credit: Anna Bertolini Credit: Giorgio Del Castello

F. Pucci, et al., Eur.Phys.J.C 84 (2024) 10 M. Kaznacheeva, et al, arXiv 2603.07687 (2026)
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EXCESS@IDM 2026: cryogenic crystal detectors
53

Credit: Alex Juillard

electron-hole 
pair peak region

LEE region

Credit: Kyle Kennard

K. Kennard, A. Pradeep, et al., arXiv:2601.16307 (2026) E. Cudmore, et al, Phys. Rev. D 112, 112019 (2025)
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EXCESS@IDM 2026: cryogenic crystal detectors
54

Credit: Matteo Folcarelli Credit: Matt Pyle

D. Delicato, et al., arXiv:2605.02468 (2026) R. Romani, et al, Appl. Phys. Lett. 126, 102601 (2025)
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EXCESS@IDM 2026: defects and calibration
55

Credit: Andreas ErhartCredit: Federico Ledda

Recombination 
avalanche after 

formation of 
amorphous pockets 
in primary damage 

events

Sub-keV nuclear 
recoil calibration 

from thermal 
neutron capture

Si

K. Nordlund et al, Phys. Rev. B 57, 7556 (1998);  K. Nordlund et al, J. Nucl. Mater. 512, 450 (2018) D. Lhuillier, et al, Eur. Phys. J. C 85 (2025) 10, 1188
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EXCESS@IDM 2026: qubit based sensors
56

Credit:  Aviv Simchony 

AlMn / AlOx / AlMn

SQUAT: Superconducting 
Quasiparticle Amplifying 

Transmon  

Credit: Ruggero Di Carlo

Qubit error bursts in 
transom-based 

processors 
(Quantum Inspire)

P. Kurilovich, et al, Phys. Rev. Lett. 132, 217001 (2024) G. R. Di Carlo, et al, arXiv:2602.18388 (2026)
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EXCESS@IDM 2026: microwave and liquid detectors
57

Credit: Karthik Ramanathan Credit: Peter Sorensen

e-  and 𝛾 excess in Xe TPCs

Data from test stand at LBL

QUALIPHIDE: a new 
wideband dark photon 

detector

P. Day, et al., Phys. Rev. X 14, 041005 (2024) P. Sorensen, R. Gibbons, Phys.Rev.D 112 (2025) 5

SiPM
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EXCESS@IDM 2026: gas detectors
58

Credit: Jon ClarkeCredit:  Álvaro Ezquerro Sastre

TREX-DM

Ó. Pérez, et al., JCAP 04 (2026) 072 D. Durnford, et al., Phys. Rev. Lett. 134, 141002 (2025)

later 
data
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The low-energy excesses - a community effort
59

es

D. Baxter, et al. Ann.Rev.Nucl.Part.Sci. 75 (2025) 1
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The low-energy excesses - a community effort
60

es

D. Baxter, et al. Ann.Rev.Nucl.Part.Sci. 75 (2025) 1

Next Workshop: EXCESS27@TAUP



Additional material
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The sub-GeV parameter space
62

New mediator, e.g. dark photon A’
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The low-mass challenge
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LDM search strategies


Lowering the threshold


Increasing the recoil energy


Exploiting alternate 
interaction channels

Sensitivity of upcoming experiments

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


