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Dark Matter paradigm
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e Stable, relics from the big bang
* Neutral and weakly interacting
* Non-relativistic (cold
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DM candidates

e WIMPs (Weakly Interacting Massive Particles)
> weak-scale cross-sections can yield the observed DM density

via thermal freeze-out

WIMP
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Direct detection of WIMP-like DM

e EXxpected Signal: exponential-like, increasing at low E
> Demands keV or lower thresholds, large target mass and backgrounds AN

close to zero
> A single experiment can place a limit

> Discovery requires confirmation by multiple experiments under a model,
or ancillary confirmation (e.g. annual modulation)

Energy spectrum of recoiling nucleus
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BULLKID-DM detection method

e Solid-state cryogenic (mK) phonon detectors

(The nucleus recoil generate phonons that propagates in the
silicon can be transmitted and absorbed by the KID and

Induce a signal) Aluminum KID

Silicon traget

» Sub-keV low energy threshold < 200 eV
» High energy resolution ~ 5% (o)
» Mass scalable to O(1 kqg)

e Kinetic Inductance Detectors (KIDs)
> Athermal phonon sensitive only
> multiplexed readout

[S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024)],
updated to 2025 by M. Folcarelli (Sapienza)
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Background issue In low-T experiments

e EXcess background rising at low energies observed but not understood yet EXCESS26@IDM

> Phonon bursts (crystal-support friction) ? Zaragoza on May 30, 2026.

> Lattice relaxations after cool down? Low Energy Excess https://indico.cern.ch/event/1644935/
> Phonon leakage from the supports? ~
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SciPost Phys. Proc. 9 (2022) 001 + D. Delicato et al EPJ C 84 (2024) 353

This background limits the sensitivity of present experiments
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BULLKID-DM Architecture

e Monolithic and fully active structure with 145 detectors (4” wafer)

> Silicon die 0.34 g each, 5X5 mm2 - 4.5 mm deep grooves - 5.5 mm pitch
» Aluminum KIDs arrays ~ 2X2 mm2 X 60 nm, 0.5 ug

e Fully multiplexed, single readout line per wafer
o Stack of 16 X 100 mm Si wafers (~ 800 g target mass) with 2320 sensors

Demonstrator: 60 detectors (KIDs) for 3” wafer

0.5 mm
—Z Gap
4.5 mm
grooves 5 mmx5 mm
+ < / sides

I
0.5 mm common disk

Demonstrator
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Kinetic Inductance Detectors (KIDs)

G
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Prototype

e Deployed 1x3” wafer, 57/60 working KIDs

f lab : D. Delicato, et a., Background of the BULLKID detector array
* Surface laborato ry in Rome operated with moderate shield on surface, arXiv 2605.02468

e Mildly shielded environment with LEAD (internal and external)
e QOptical fibers for detector calibration and monitoring
e >1 month of data taking with detector stability (April-May 2025)
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Indexes: Frequency ordering
Triggering

Acquired in coincidence as veto
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Analysis: phonon leakage

e Only 40% of the phonons generated are absorbed by the KID

e The rest leaks in nearby voxels:
> 10% In each “+” die
> 5% In each “X” die
> the rest in outer dice

KID

DM /v DM /v

A. Cruciani, et al, Appl. Phys. Lett. 121, 213504 (2022)

e Fiducialization on phonon leakage — interaction voxel discrimination
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Background with mild shields

e Aboveground, lead shield, 290 live hours
e Background reduction by factor ~30, in agreement with simulations
e Low energy rise observed, is Low Energy Excess?
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Low energy background

e Consistent spectra among different triggering clusters
e Rise below 600 eV not compatible with negative triggers
e No time decay (LEE symptom) of low energy rise
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Experimental Site: Cryo-Platform @ LNGS

e | NGS, 1400 m of rocks overburden, radioactive

background: BULLKID-DM will use C17 J— ml _——

» 1.3 X 107% s~ - cm™2, 1 million less w.r.t. surface Oxford Proteox-MX cryostat! |"| l“f’ih 'l A’ ‘§
e Cryo-Platform: a large underground milli-Kelvin (BlE ‘l -

infrastructure for astro-particle searches and low- e TR .

temperature applications

e External shields from environmental radioactivity

s |

Laboratori Nazionali del Gran Sasso (LNGS)

pfrr

GNO ‘;1‘: Tt \ o e \
i 10 cm-thick Pb
5 ecm-thick Cu £
; 5-15 cm-thick PTFE (il
, - - . |
| Commissioned in July 2025 S S
S ——. Base temperature 9.8 mK! or auiek nstaliaton
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BULLKID-DM roadmap

e Robust validations from prototype, demonstrator for final experiment

BULLKID BULLKID-DM BULLKID-DM
prototype demonstrator experiment
mass 20 g 800 g
# of KIDs 60 2300
_________ threshold | 160eV ...5200ev
________ laboratory |  Sapienza | Sapienza | LNGS |  LNGS
installation 2023 2024-26 2027
bkg [d.r.u] 2x106 7x104 1 - 0.01 \
B.C or PE
We are here now!
= Copper
Copper
Lead

5-10x less background improvement in Simulation
If replaced B4C with an active veto of BGO or GSO

Kangkang Zhao, 12/08/2026 BULLKID-DM: search for light WIMPs 15



Demonstrator with multiple wafers G S

e \alidated detectors (158/180 working resonators)
e New electronics validated for acquisition in coincidence, finalizing DAQ

e Simultaneous readout of multiple arrays proved, with full characterization of
electrical properties and energy calibration of more than 100 KIDs at once

T. Muscheid, et al., Real-Time Readout System Design for the BULLKID-DM Experiment: Enhancing Dark Matter
Search Capabilities, IEEE Trans. Appl. Supercond. 36 (2026)
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Demonstrator with inner copper shield

e Inner copper shield mounted in the twin cryostat in surface laboratory @Roma.Sapienza
e \Waiting for cooling down to base temperature

Stay
Tuned!
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R&D Efforts

CALDER KID Light detector

T. Lari, M. del Gallo Roccagiovine, et al,
@ 10.1109/TASC.2026.3665727

@ryogenic active veto

Assembly with reflector

137Cs calibration

Goal: Ein< 50 keV
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L. Pesce et al, Appl. Phys. Lett. 128, 163504 (2026)
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R&D Efforts
ﬂle on Germanium \ ﬂOO-mm wafer exploring
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Conclusion G S

e A new promising experiment exploring Sub-GeV DM using monolithic cryogenic detector arrays
> Fully active and multiplexed, fiducialization

e QOperation of demonstrator on surface laboratory
> Compatible observation with simulation for single-wafer with/without moderate shields
> Multi-wafers operation validated, further measurement with cryogenic inner copper shields mounted

e Multiple efforts are ongoing for the deployment of final experiment
> Detector upgrades, active cryogenic scintillating veto,

> Radioactivity control, Background simulation
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Backup slides

e Energy calibration using LED photons , d¢
0=14/60) T €photon "M
A. Cruciani, et al, Appl. Phys. Lett. 121, 213504 (2022) dE
» 0, — Baseline resolution (phonon)
d¢ -
. > KID responsivity
dE

Average resolution across 8 pixels:
Allowing for a threshold = 150 eV
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Projected sensitivity
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KID principle
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Fabrication of detector wafers
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