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observable:

kinetic energy of nuclear recoill

Neutrino coherent scatterin

reactor monitoring
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Dark Matter (DM) target nucleus }
or neutrino ()

observable:
kinetic energy of nuclear recoill

cross section o < 10~*0 cm?
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large number of targets
(large target mass)
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Dark Matter (DM) target nucleus }
or neutrino ()

observable:
kinetic energy of nuclear recoil

cross section o < 107V cm? energy < 1 keV

¥ ¥

large number of targets oy low-energy
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large target mass &8 o™ : detection threshold
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Dark Matter (DM) target nucleus |
or neutrino ()

observable:
kinetic energy of nuclear recoil

cross section o < 10~*0 cm?

¥

large number of targets & o
(large target mass) ”

energy < 1 keV

dN/dE

% low-energy
detection threshold

1 keV E

Difficult to have both in the same experiment!
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Low energy threshold with KIDs

superconducting resonator frequency response
Kinetic Inductance Detector (KID): = ' “ = 1 |
e 3T
- Thin film (~50 nm) superconductor at T <200 mK + ﬁ 2 \
- Energy release — Cooper-pair breaking (AL) v
- Resonant circuit (fy = 1/4/LC), AL = Af; . ; Ao
|| 5 >
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Low energy threshold with KIDs

superconducting resonator

Kinetic Inductance Detector (KID): L0 =T
=
- Thin film (~50 nm) superconductor at T < 200 mK F
- Energy release — Cooper-pair breaking (AL)
- Resonant circuit (fy = 1/A/LC), AL — Aj, .
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frequency response

2 Ccm
L. Cardani, et al. [CALDER].

SUST 31 (2018) 075002
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Large targets: phonons and multiplexing

Phonon mediation
detect phonons created by nuclear recoils
In a silicon dice

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

l

Silicon dice (0.3 g) :, o 7 ! o
at 10 mK 3
i -
v
DM / v DM /v
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Large targets: phonons and multiplexing

kg mass: array of 3000 Si-dices / KIDs

Phonon mediation 1 ‘; E
detect phonons created by nuclear recoils 1 M g ¢

INn a silicon dice

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

l unique feature of KIDs: multiplexed readout
Silicon dice (0.3 g) 7 t . several KIDs coupled to the same feedline at different frequencies
at 10 mK g Zo KID 1 KID 2 KIDn ! out
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Large number of targets: BULLKID

1. carving of dices in a thick silicon wafer

4 | ~ bottom view
4 & INFN

4.5 mm deep grooves

- 5.5 mm pitch
- chemical etching
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0.5 mm thick surface:

- holds the structure
- hosts the KIDs
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Large number of targets:

1. carving of dices in a thick silicon wafer
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4.5 mm deep grooves

- 5.5 mm pitch
- chemical etching

0.5 mm thick surface:

- holds the structure
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FEL
institut

KID array

- 60 nm aluminum film
- 60 KIDs lithography
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BULLKID

3. assembly

Design and assembly

- 3D-printed Cu holder
- Aluminum case

.—ﬁfr{' P

v 60 detectors in 1

60 dices 0.3 g each
1 readout line



Operation in refrigerator
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First prototype (Fall 2021)

Frequency scan of the KID array

Jagl
]

—25 - |

078 080 082 084 086
Frequency [GHZ]

BULLKID / Vignati - 10

Signal from a dice

I I [ I I

1L Tring = 19.95 s
®,, = (1.159 + 0.030) rad
d¢po = (0.59130 4 0.00040) rad
9r Ton = (9.80 £ 0.60) s

Ty = (21.49 £ 0.61) ps

o

—Afy [ £ [107°]

1 1.1 1.2 1.3 1.4 1.5
Time [ms]

- Proved that detector concept works

im

Poor uniformity across the array

<

Low quality factor of the resonators
(0.2x10°, aiming at > 10%)

1.6




Second prototype (Summer 2022)

 Reduced electrical x-talk (frequency spacing from 1 to 2 MHz)

* |Improved film quality of the KIDs (uniform etching of the wafer surface)
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Noise Fit Channel 34

Preliminary
140
It 0 4 = — 0.004 = 0.020
resu S < 100. oc=1.14x0.02
Cé 801
2 60
40
20
low-Q %0 2.0 0.0 2.0 4.0 6.0
excluded Calibrated Phase Optimum Filter Amplitude [mrad]
60 60 .
KID [mrad] [eV] h optical cal
15 3.4+0.1 25.0+1.2
33 1.78+0.03 22.9+0.8 threshold
Q 34 1.14+0.02 25.4+0.5 ~120 eV
optical fiber 40 0.73+0.01 20.6+0.9
104 10°
Val Next cool-down:
Q-Value cross-check with x-ray calibration, light on other channels
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Energy threshold [eV]

Towards the experiment

10° =
f now: 4/60 dices  2022: 60/60 dices
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i Experiment
10 IIIIII| | | IIIIII| | | IIIIII| | | IIIIII| | | I 1 1111
10° 10° 10*

Target mass [g]
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Towards the experiment

Energy threshold [eV]
o

10

now: 4/60 dices 2022: 60/60 dices

Experiment

1 10
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T =

Mass:

from 3” to 4” wafers

stack of wafers

10° 10
Target mass [d]

3D-printed Cu stacking prdtotype



Towards the experiment

Energy threshold [eV]
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Mass:

from 3” to 4” wafers

stack of wafers

10° 10
Target mass [d]

Threshold (ongoing R&D):

1. Replace Al with Al-Ti-Al KIDs - 5x inductance
2. New KID geometries
3. Deeper carvings for higher phonon focussing

KID

surface 4
0.5 mm

carvings
4.5 mm

DM /v DM /v

3D-printed Cu stacking prdtotype



Towards the experiment
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Experiment
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R Target mass [g]
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B Mass:
" from 3” to 4” wafers
stack of wafers
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Threshold (ongoing R&D):

1. Replace Al with Al-Ti-Al KIDs - 5x inductance
2. New KID geometries
3. Deeper carvings for higher phonon focussing

KID

surface 4
0.5 mm

carvings
4.5 mm

DM /v DM /v

+ port the technology to Germanium wafers
(10x neutrino x-sec, does not apply to Dark Matter)

3D-printed Cu stacking prdtotype






Channel 34

250
Energy
calibration
: : : oy %100-
Exploit the Poisson’s statistics of bursts ©
of N optical photons of known energy € >0
to extract the calibration constant k: |
8.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0
Calibrated Phase Optimum Filter Amplitude [mrad]
* //t — kN€ Absolute calibration fit channel 34
Fit function: 02 = 03 + R+
2 _ 2 272 .2 , |
e 0° =0y +k°Ne“ =05+ ke - p 40.0
30.0
Nr'is 20.0
inear fit for 6> and R = ke: -
Linear fit for o, and X = Ke: b 10.0
R 0.0
¢« k=—, €400 nm)=3.1¢eV
€ -10.0757% 50.0 100.0 150.0 200.0 250.0 300.0 350.0

u (mrad)
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Impact

Nuclear recolil detector with:
v 0.6 kg (Si) /1.3 kg (Ge) target
v 200 =50 eV threshold

i v scalable
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Precision on the cross section [%]

Neutrino scattering
experiment
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Dark Matter
experiment
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