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Motivation: Dark Matter direct search

Spin-independent WIMP on nucleon scattering cross

Gravitational tensing section limits for direct detection experiments >
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Kg-scale solid state phonon detectors

Multi-ton liquid scintillators
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Detection Principle

> observable:

Dark Matter target nucleus + kinetic energy of nuclear recoil

2

cross section o < 107 ¢cm energy < 1 keV

dN/dE
I\— low-energy threshold
O(100 eV)

' 1kev E

large humber of targets
O(1 kg)




State of the art

cross section [cm?]
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Background issue in low-T experiments

Not understood excess background rising at low energies

« Phonon bursts (crystal-support friction) ?

91 — NUCLEUS 1g prototype — SuperCDMS CPD « Lattice relaxations after cool down?
107 — CRESST-III DetA — BULLKID surface « Phonon leakage from interactions in the

E 1081 — EDELWEISS RED20 — MINER Sapphire supports?
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This background limits the sensitivity of present experiments
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Large mass: phonons and multiplexing

KID (~2x2 mm2x 50 nm, 0.5 Q)

!
1
. 3

DM / v DM /v

Diced silicon absorber

Silicon dice (0.3 g)
at 10 mK

Phonon mediation KID array on the other side of the wafer
hosting 60 resonators (60 nm AVI)

Detect phonons created by b)

nuclear recoils in a silicon die

Total active mass is 20g



Kinetic Inductance Detectors (KIDs)
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Data analysis: phonon leakage

* Only 50% of the phonons generated are absorbed by the KID

 The rest leaks in nearby voxels
e (8 +2)%ineach"+" die
e 3+ 1) %ineach “x" die

e the rest in outer dice

common disk KID
0.5 mm
() I — : —
This effect reduces the phonon
carvings focusing on the KID but is
4.5 mm

exploited to identify the

DM/ v DM / v interaction voxel
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Background: pulse shape + phonon cuts

Counts / 0.01 keV

Efficiency

Spectrum of KID 35
+ Triggered events
* After shape cuts
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Background: result on surface @Sapienza U., no shield, 39 live hours
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D. Delicato et al, Eur. Phys. J. C 84 (2024) 353
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Threshold and mass
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Target mass [g]

Threshold (ongoing R&Ds):
1. Replace Al with Al-Ti-Al KIDs: 5x inductance
2. Deeper carvings for higher phonon focussing

disk
0.5 mm v

carvings
4.5 mm

DM/ v

DM /v

Prototype - 20 g / 60 dice
| single 3" wafer
concluded in 2023

Demonstrator - 60 g /

& | 3-layer stack of 3" wafers
operations ongoing

i R&D on large wafer 50 g /

fall 2024

BULLKID-DM - 800 g /
2300 dice

16-layer stack of 100 mm wafers
commissioning in 2026 at Sapienza U.
Fiducial mass: 600g
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BULLKID-DM Collaboration
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Dark Matter - direct search with BULLKID-DM

BULLKID BULLKID-DM BULLKID-DM
prototype demonstrator
mass 209 60 g 800 g
# of sensors 60 180 2300
threshold 160 eV 200 eV < 200 eV
bkg (c/keV kg d) 2x108 <105 1-0.01
laboratory Sapienza U. |Sapienza| LNGS LNGS
installation 2023 2024 2026 2027

cross section [cm?]

v -fog| (Ge)

S~—_ XENON1T(M)

== BULLKID-DM 200 eV 1d.ru
==== BULLKID-DM 200 eV 0.01 d.r.u
== BULLKID-DM 50 eV 0 d.r.u

X\ :‘:\-ﬁ DarkSide (M)

e [ S
o i —n — —

DarkSide(2023)

100

WIMP mass [GeV]
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LNGS Cryogenic facility

BULLKID-DM intends to be a user of the new facility in Hall B Ordered Oxford Replaceable insert to be
Additional shielding might be required Proteox fits the needs instrumented with RF lines
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Simulations: shields and veto

muons, gammas and neutrons from:
Astropart. Phys. 33 (2010) 169,
Phys. Rev. D 73 (2006) 053004,

Eur. Phys. J. A 41 (2009) 155,
Astropart. Phys. 22 (2004) 313.

LNGS infrastructure BULLKID-DM payload

Replacing this with an active veto of BGO or GSO:
Background ~ 10-3 counts/(keV kg y)
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Wrap up

v 800 g of silicon target

. . 10_35_.____:'\“ === BULLKID-DM 200 eV 1 diru
v 2300 detector units (dice) o e@ ™« 0Tl T ~ I BULLKID-DM 300 v 0.01 d g
. — m= BULLKID-DM 50 eV O d.r.
Unigue features for bkg. & g-38. ! e e
PR g \ “‘_r::"'""*—.q._ DarkSide (M)
suppression: P 0 \ N T=~_ XENON1T(M)
i Al 610 !
v No inert material in = " *"“-.. B I R P8 ¥ g
] ol .
detector volume : 10-42] N"‘*--__ ‘ DarkSide{2023)
v Sl T
v fully active o
e 10-4
v fiducialization (600 g) \
il i i —46 . A
Will it help with the unknown 107 5T 100 101

backgrounds?

WIMP mass [GeV]

Prototype demonstrator demonstrator  full detector at
works (3 watfer) at LNGS

installation
Sapienza at LNGS

Lol to INFN
and LNGS to INFN

CDR submitted TDR
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BACKUP SLIDES
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Simulations: shields and veto

v preliminary

No polyethylene, copper and top lead yet “passive” veto

“active” veto B = 50 keV

Energy (keV)

Currently working on internal
contaminations in lead and veto

— _—
=i L = n9
S0 210
v = -JJ - S
<Y Fe X-ray 2ot )
:“2107 L . é]n”" *
2 E BULLKID surfacedata | 2 E, .-
510{'%—"‘ +.f)'*;u;x!.-r*1-0-x*4¥x¢.-tir,.,,-.x..!,ltx, " 5 §106 * 'i’trn*xxhv,.*-t+¢‘+‘a‘l*”."*.*‘:t;“‘ ¥y
{3 s = 8105 *
10" g
w0 | Ol S |
.E Caution: radiogenic and cosmogenic neutrons ,E Caution: radiogenic and cosmogenic neutrons
]0@ = are shown with no shielding configuration 102 are shown with no shielding configuration
107 10 and no veto cuts
10 Gammas 10
1k 1 Gammas
E Radiogenic neutrons z
107 107 Radiosen i ”
02 Erarm e ey NSO e I . adogenicnewrors " zero
10—3 éCosmogenic neutrons 10—3 - Muons Cosmogenic neutrons bkg
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Energy (keV)

muons, gammas and neutrons from:
Astropart. Phys. 33 (2010) 169,
Phys. Rev. D 73 (2006) 053004,

Eur. Phys.|J. A 41 (2009) 155,
Astropart. Phys. 22 (2004) 313.
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RF Electronics

Current electronics (Ettus x310):
30 KIDs / board

New electronics (ZCU216 Evaluation
Board with 16 lines):
Goal >= 150 KIDs / line

« Custom Analog Front-End and

» Control Firmware by the KIT group

» Status: first tests on BULLKID- AR
prototype e a

, g 340
x POTETS ol by | fs) | s (% [ i 0.04 0.06 0.08 0.10
e — [']['][']['] time [s]

R R
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Towards the experiment

Underground cryo-infrastructure _

Dilution refrigerator with T < 80 mK

. . . et
Cryostat outer shielding (PE, Pb, ...) B Lead
Inner shielding Polyethylene
Outermuon-veto Copper
~20 RF lines B Cryo veto or shield

MC Simulations
Design of the apparatus

Definition of required radiopurity T < 80 mK

Inner veto or shield
Cryo-veto around the BULLKIDs
(BGO/GSO + Light detector)

or lead passive shield?

ég'c DANAE

stack of wafers

..........

Energy calibration optio
IR light

neutron recoils (a la CRAB)
137Cs or 60Co Compton
asynchronous

RF Readout and DAQ
SDR boards
onboard trigger

Computing
Data transfer
Data storage

Data analysis
2000+ channels,
cluster analysis

20



Cryogenic veto: BGO prototype

Polyethylene
Copper
I Cryo veto or shield

Preliminary
137Cs calibration

Counts/2.90e+01 [keV]

0 1000 2000 3000

Energy [ keV]

Goal: energy threshold < 50 keV 21



Status of the 3-wafer stack

2-wafer stack operated. No issues observed

Frequency [GHz|

1 ol Stack-01
LT ] T
Stack-02
T T T T T T T
0.5 0800 0825 0.850 087 0.900 0.925 0.950
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Status of the 3-wafer stack

« Holding structure: thermalization and mounting

- . . % ﬂ////////////////////////// 7
 Reproducibility of the electrical coupling ‘ ot by
| [
| —-
» Reproduce the results of the unstacked wafers , s
-2
Rigid shift of 140 + 1 kHz Stack-01 (individual mount)
N J ¥ \ Stack-01 (stacked mount)
Si (stack 02)
— 7 l
A
X 4 16 pm,_ 32 1.5 mm
7 Resonances on the Hm,, MM, 1]
otherwafer || || 60 nm |
_07.8250 0.8I275 0.8I300 O.8I325 0.8350 0.8I375 0.82100 0.82125 0.845 T T
Frequency [GHz o
e Si (stack 01) .




Status of the 3-wafer stack

Stacked configuration with the 250 Kg lead castle shleldmg
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Scalability for the 100mm mask: thick watfer

Pixels: 134 out of 145

Median Q: 185k

0.70 0.75 0.80 0.85 0.90
Frequency [GHZ]

From 3" to 4"

* 145 pixels

* 49.39g of active silicon per wafer
 Diced prototype will be tested soon




Sensitivity plots
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Motivation: Coherent elastic neutrino nucleus scattering (CEVNS)

G} Same detection principle as WIMPs!
o = EJQWF () -
CEuvNS — A v W q Observed in 2017 by COHERENT ~ Nuclear Recoll

(observable: nuclear

40 9  Precision tests of the kinetic energy)
0" c . 5

standard model (es sin“ 6y;)

T

Neutrino Energy Weak Force Charge * Nuclear waste monitoring
E, =~ O(few MeVs) Qw = N — P(1 —4sin” Oy) ~ N

But needs a precision < a few %

Currently 15% precision on
Nuclear Form Factor

En sm Coherency OCEVNS
F(q) QW / dr Neutrino does not see the internal
structure of the nucleus
pw (r) = pn(r) — (1 — 4sin? (HW))pP( ) 5 /
Fourier transform of the nucleon distribution COherent:F(q ) ~ 1

q-Ry <1

E7" ~ 20MeV [He| = 70MeV U 27
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