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State of the art (solid-state detectors)
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Not understood excess background rising at low energies

Background issue in low-T experiments

» Phonons from supports or from the sensors?
- Lattice relaxations after cool down?

| 9 — NUCLEUS 1g prototype — SuperCDMS CPD . Neubons leacmicravinducad_radios
10 — CRESST-III DetA — BULLKID surface !
= 10°: — EDELWEISS RED20  — MINER Sapphire
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| L — Excess workshop 2024
0 0.2 0.4 0.6 0.8 1 1.2 Roma, 6 July
Total Energy Deposition [keV] https://agenda.infn.it/event/39007/
P. Adari, et al.: EXCESS workshop: Descriptions of rising low-energy spectra
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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The BULLKID phonon-detector array

carvmg of dlce ina th|ck S|I|con wafer

v monolithic

4.5 mm deep grooves
- 6 mm pitch
- chemical etching

Phonon mediation
detect phonons created by nuclear recoils
in a silicon die

KID " (~2x2 mm=x 50 nm, 0.5 ug) 0.5 mm thick common disk:

- holds the structure

Silicon dice (0.3 g) t hosts the sensors
at <80 mK g
3
' KID sensor array:
- 60 nm thick aluminum film
- 60 elements (1 per die)
DM DM

v’ 60 detectors in 1

Fully multiplexed
(single readout line)

SIGEY Lr)b Vi W/
BULLKID / D’Addabbo - 6 A. Cruciani, et al, Appl. Phys. Lett. 121, 213504 (2022)



https://doi.org/10.1063/5.0128723

Kinetic Inductance Detectors (KIDs)

resonator f, = 1/4/LC frequency response

- Superconductor at T <200 mK (Al)

N N \\\\\\\\\\\\\\\\\\\\\\\\\\\\\Q\\\\\\\\'\\lxx Y
NN NN NN NN AN NN NN NN AN ORI NN NN ONN
i NN

- LC resonator

m,

2e2n,,
pairs
- Absorbed energy breaks Cooper pairs

- Cooper pairs inductance L, =

frequency scan of the 60 KIDs of BULLKID

Vout
* 9 a)_/r' - f"‘"—m‘m;
20 m W
=10 -
~
7
_20 A

078 080 082 084 086  0.88
Frequency [GHZ]
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Phonon leakage and mapping

- 50% of phonons is detected in the interaction die common disk

0.5 mm

{

KID

- 50% leaks out and is detected in nearby dice
e (8+2) % ineach “+” die
e (3+1)% ineach “x” die carvings
* the rest in outer dice 4.5 mm

DM /v DM /v

This effect reduces the phonon focusing on the KID but is
exploited to identify the interaction voxael
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Counts / 0.01 keV

Spectrum of KID 35

* ‘Triggered events

* After shape cuts

e After shape +
phonon cut
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Background: pulse shape + phonon cuts
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Background: result on surface

Above ground lab @Sapienza U., no shield, 39 live hours

- 101: gg /16%nzgs(i6sc) EZZE;E iiliger (Noise false positives)
E 10 é) === Below analisys threshold
E 108- B II —(1.99 +/- 0.10) x 10°
= g,
2 10’ g :
= § s 3 J 1 v of 3 i e B 315 S0 o 18 _df. D. Delicato et al,
O 105 ) "i : [ g "' LT Eur. Phys. J. C 84 (2024) 353
$ 0 e ekl ik
5 2x10°: J J . '
O - .
o R
L] R N

0 0.2 0.4 0.6 0.8 1 1.2

Energy [keV]

The excess above trigger threshold is compatible with noise false positives.

Background is flat above analysis threshold.
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COSMIC SILENCE

CRESST LEGEND-200 COSINUS

CUORE

LUNA-400 LvD XENON-nT GINGER

Detector & the cryogenic facility @LNGS o

NEWS

ENTRANCE

Cryo-Platform facility under construction \
in the LNGS underground (Hall-B) ;

~ ProteoxMX dilution cryostat
by Oxford Instruments

5 el seiced
T e,

ks

v 1 scalable

v

Detector
v 800 g of silicon target

2300 detector units (dice) pe
No inert material in detector vol Jilllie = e
fully active

TSGR

fiducialization (600 Q)

Unique features for 19 .

bkg suppression Shipping in June 202 o Ready by summer 2025
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E mam - - 10-36-;\\\w7 1l —+ BULLKID-DM 200 eV 1 d.r.u
TTN=<Izis ++++ BULLKID-DM 200 eV 0.01 d.r.u
ctivities & timeline - FR e
5 1 1 “?_{~T:\\ DarkSide (M)
= \ \k\~~ XENON1T(M)
S 1040/ \ ‘?\.\ | H
1. Demonstrator commissioning, data taking and analysis S L ~h i —
. . . . . . n Vg
2. Experiment commissioning, data taking and analysis ;n 10742 =R SN TP B BN WEE L B T
3. Threshold: from Al to Al-Ti-Al KIDs (5x inductance) = 3 N,
4. Sensitivity: Deeper carvings for higher phonon focussing 10
5. Background studies 146 il
101 10°

WIMP mass [GeV]

Prototype Demonstrator R&D on large wafer BULLKID-DM

20 g/ 60 KlIDs 60 g/ 180 KIDs 50 g/ 145 dice 800 g /2300 KIDs

single 3” wafer 3-layer stack of 3” wafers  single 100 mm wafer 16-layer stack ot 100 mm waters
concluded in 2023 first operations 2024 first operations fall 2024 first

Data taking

2023

Prototype Demons_;trator Demonstrator Full detector Full detector
at Sapienza at Sapienza at LNGS at Sapienza at LNGS
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L. Cardani et al, EPJC 81 (2021) 636
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] ‘. 34
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Status of the 3-wafer demonstrator

<

2-wafer stack operated. No issues observed

Stack-01
¢ Stack-02

A\
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Frequency [GHz]




Cryogenic veton CALDER KID Light detector Assembly with reflector
BGO prototype s AL Y,

Polyethylene
Copper
I Cryo veto or shield
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BULLKID / D’Addabbo - Goal: energy threshold < 50 keV



RF Electronics

Current electronics (Ettus x310):
30 KIDs / line

New electronics (ZCU216 Evaluation
Board with 16 lines):

Goal >= 150 KIDs / line
 (Custom Analog Front-End and

* Control Firmware by the KIT group

o Status: first tests on BULLKID-
prototype

SOO0D & O

R R R

BULLKID / D’Addabbo -



Status of 100 mm wafers

Pixels: 134 out of 145
—20- Median Q: 185k

0.70 0.75 0.80 0.85 0.90
Frequency [GHz]

Assembly under development 5 mm wafer grooved succesfull

.\/./
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Simulations: validation on Sapienza setup

Gammas (99%) and
neutrons (1%) measured
and used as input for the
simulation

Agreement over wide
energy range observed

Mild lead shield added

Reduction of the
background agrees with
simulations

BULLKID / D’Addabbo -
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Simulation: Gammas + Neutrons
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* Data: unshield / shield

- + Simulation: unshield / shield

O 5 10 15 20 25 30 35 40 45 50

Energy (keV)
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Projected background . =
A Muons
E’“ 5 Cosmogenic neutrons 3 Muons
7~~~ B > ]
muons, gammas and neutrons from: e L Sotl Gammas
Astropart. Phys. 33 (2010) 169, Iv N Radiogenic neuirons
Phys. Rev. D 73 (2006) 053004, >
Eur. Phys. J. A 41 (2009) 155, id) | B Sttt Aokl bbbl R L Cosmogenic neutrons
Astropart. Phys. 22 (2004) 3138. ~ -
XA B
g == 1073
LNGS infrastructure BULLKID-DM payload ST
_1 |
10 = s R s
- Energy (keV)
, %44§4$4¢¥#$}$% ; uzerou
= :"".'_._"'"'""""'"'i"‘:}ﬁ&'ﬁ;‘i’v"‘?ﬁﬁ!}'-&'ﬁ"'«."""11 """""""""" ' """"""""""""
10 _E ; R %uﬁu;wsxim_ux;xzsg#%#ﬂ%;;#& bkg
B4C or P 1073 &
Copper ;
Lead :
10—4IIII]IIII|IIIIIIIIIlIIII|IIII|IIII|IIII|IIII|IItI

0O 5 10 15 20 25 30 35 40 45 50

Replacing this with an active veto of BGO or GSO: Energy (keV)

Background ~ 10-3 counts/(keV kg d) Currently working on internal

contaminations in lead and veto
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Dark Matter - direct search with BULLKID-DM

BULLKID

BULLKID-DM

BULLKID-DM
prototype demonstrator
mass 20 g 60 g 800 g
# of sensors 60 180 2300
threshold 160 eV 200 eV < 200 eV
bkg (c/keV kg d) 2x106 <10° 1 - 0.01
laboratory Sapienza U. |Sapienza| LNGS LNGS
installation 2023 2024 2026 2027
>
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® Dark Matter
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CDEX
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Future sensitivities
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