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Motivation: Dark Matter direct search
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Dark Matter: 

MeV/𝑐2 - TeV/𝑐2 

WIMP-like particles?

Spin-independent WIMP on nucleon scattering cross 
section limits for direct detection experiments

Kg-scale solid state phonon detectors

Multi-ton liquid scintillators

Gravitational lensing



Detection Principle
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State of the art
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Background issue in low-T experiments
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Not understood excess background rising at low energies
• Phonon bursts (crystal-support friction) ?

• Lattice relaxations after cool down?

• Phonon leakage from interactions in the 

supports?

Excess workshop 2024

Roma, 6 July

https://agenda.infn.it/event/39007/

This background limits the sensitivity of present experiments



Large mass: phonons and multiplexing 
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Diced silicon absorber

KID array on the other side of the wafer 
hosting 60 resonators (60 nm Al)

Phonon mediation

Detect phonons created by 

nuclear recoils in a silicon die

Total active mass is 20g



Kinetic Inductance Detectors (KIDs)
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Unique feature of KIDs: multiplexed readout

Several KIDs coupled to the same feedline at different frequencies
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Data analysis: phonon leakage
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• Only 50% of the phonons generated are absorbed by the KID

• The rest leaks in nearby voxels

• (8 ± 2) % in each “+” die

• (3 ± 1) % in each “x” die

• the rest in outer dice

This effect reduces the phonon 

focusing on the KID but is

exploited to identify the 

interaction voxel



Background: pulse shape + phonon cuts
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Background: result on surface @Sapienza U., no shield, 39 live hours
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Background is flat above analysis threshold

of 160 eV

Counts compatible 

with noise false 

positives

D. Delicato et al, Eur. Phys. J. C 84 (2024) 353 



Threshold and mass

11

Prototype - 20 g / 60 dice 
single 3” wafer 

concluded in 2023

Demonstrator - 60 g /      

180 dice 
3-layer stack of 3” wafers

operations ongoing

R&D on large wafer 50 g / 

145 dice
single 100 mm wafer first operations 

fall 2024

BULLKID-DM - 800 g /     

2300 dice
16-layer stack of 100 mm wafers 

commissioning in 2026 at Sapienza U.

Fiducial mass: 600g



BULLKID-DM Collaboration
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Dark Matter - direct search with BULLKID-DM
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Exposure:

1Yr x 600g of 

fiducial mass



LNGS Cryogenic facility
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Simulations: shields and veto
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Wrap up
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BACKUP SLIDES
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Simulations: shields and veto
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RF Electronics
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Towards the experiment
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Cryogenic veto: BGO prototype
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Status of the 3-wafer stack
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Status of the 3-wafer stack
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Si (stack 02)

Si (stack 01)

60 nm

1.5 mm
32 μm16 μm

• Holding structure: thermalization and mounting

• Reproducibility of the electrical coupling

• Reproduce the results of the unstacked wafers

Stack-01 (individual mount)

Stack-01 (stacked mount)

Resonances on the 
other wafer

Rigid shift of 140 ± 1 kHz



Status of the 3-wafer stack

24Stacked configuration with the 250 Kg lead castle shielding



Scalability for the 100mm mask: thick wafer
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Pixels: 134 out of 145

Median Q: 185k

From 3’’ to 4’’:

• 145 pixels

• 49.3g of active silicon per wafer

• Diced prototype will be tested soon

Diced in Ferrara 

last July



Sensitivity plots
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Motivation: Coherent elastic neutrino nucleus scattering (CEνNS)
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Same detection principle as WIMPs!

• Precision tests of the 

standard model (es sin2 𝜃𝑊)

• Nuclear waste monitoring

But needs a precision < a few %

Currently 15% precision on

𝜎𝐶𝐸𝜈𝑁𝑆

Observed in 2017 by COHERENT
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